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Preface

In the presentation of this atlas of pediatric brain tumors, we have followed the 2007
World Health Organization (WHO) classification of brain tumors. We do recognize
that there are some tumor types that do not fit nicely into this classification. It is also
critically important to recognize that pediatric tumors within the same histological
category are significantly different from those occurring in adults. For example, a rare
but increasingly recognized group of malignant glioneuronal tumors with prominent
epithelioid morphology is discussed separately in Chap.22 under the presumptive cat-
egory of “malignant epithelioid glioneuronal tumors.” We believe that this group of
neoplasms has histologic characteristics distinctly different from anaplastic ganglio-
gliomas, epithelioid glioblastoma or primitive neuroectodermal tumors. We expect
that, as more cases are reported, this group of malignant tumors may be recognized as
a distinct entity or group of entities in future WHO classification schemes.

In compiling the chapters, we have distilled only the important diagnostic infor-
mation including clinical, neuroimaging, and histologic features with an emphasis on
the recognized variants and their differential diagnoses. A section on molecular
pathology and electron microscopy is also included for each tumor category. A list of
classic reviews and landmark articles on each of the tumor entities are provided as
suggested reading at the end of each chapter. The last chapter represents a list of
interesting and unusual cases for a diagnostic exercise by the reader.

In contrast to the more limited pathologic variations associated with adult brain
tumors, most pathologists are often aware of the extreme diversity and florid phe-
notypic variation associated with pediatric brain tumors. The rarity of some of
these phenotypic variants often makes the definitive diagnosis of each of these enti-
ties a diagnostic challenge even for the experienced pediatric pathologist. Those
who have limited experience in pediatric neuropathology are acutely aware of the
fact that the ultimate definition of each specific tumor is not without therapeutic
and/or prognostic implications. This atlas is born out of the need to fill a “void” in
the practice of pediatric neuropathology. It is designed to provide a practical and
well-illustrated “beside-the-microscope” resource for the diagnostic pathologist
who is called upon to make critical decisions on sometimes tiny and often very
“taxing” specimens.

As in every field of diagnostic pathology, a picture is worth a thousand words. We
hope that the bullet format used for its text will make for easy identification of rele-
vant information that will aid in the evaluation of clinical cases at the microscope. We
have also included a significant number of neuroradiological images that provide the
critical correlations that are crucial for recognizing some of the entities. We anticipate
that the format and the illustrations will allow easy use as a practical text for practi-
tioners and trainees in neuropathology, neuroradiology, neurooncology, and general
surgical pathology.
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This book is dedicated to all the children with brain tumors who are the inspiration
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Introduction and Overview of Brain Tumors

Adekunle M. Adesina

Keywords Brain tumor classification; Tumor grading; Cancer
stem cells; Neural progenitor cells

0.1 CLASSIFICATION OF BRAIN TUMORS

In this issue of the Atlas of Pediatric Brain Tumors, we have

classified the tumor types based on the 2007 WHO classifi-

cation of brain tumors (Table 0.1).

This classification assumes that the pattern of differentiation

reflects the cell of origin.

The longstanding concept suggesting that brain tumors arise

as a result of “degeneration” of mature cell types has been

questioned.

Current concepts suggest that all tumors arise from cancer

stem cells, which share some common characteristics with

neural progenitor stem cells in the central nervous system

(CNS), including:

— the ability for self-renewal and

— the ability for divergent differentiation

The extent or pattern of differentiation reflects the nature of

activation and deregulation of specific signaling pathways:

— Deregulation is often directed at genes that control nodal
points where cell growth, proliferation and differentia-
tion converge, with the upregulation of genes involved
in organismal survival and deregulation of cell cycle
control.

0.2 TUMOR GRADING

The WHO grading system is a four-tier grade system with
each increasing grade implying lesser degrees of differentia-
tion, increasing anaplasia, increasing proliferative potential,
and mitotic activity.

There is an acquisition of aggressive characteristics in the
higher grade tumors that in the astrocytomas include vascu-
lar proliferation and necrosis.

The proportion of tumor cells in the cancer stem cell pool is
lowest in the lower grade tumors and highest in the higher
grade tumors, and correlates with the proliferation indices
of these tumors.

In the astrocytomas, tumors with a discrete growth pattern
rather than an infiltrative growth pattern are often amenable
to surgical treatment with good survival and are often graded
as Grade [, e.g., pilocytic astrocytoma.

Increasing anaplasia is associated with the clonal evolution
of a subpopulation of cells that have acquired additional
genetic events, e.g., myc amplification resulting in the trans-
formation of classic medulloblastomas to anaplastic/large-
cell medulloblastomas.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
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0.3 UTILITY OF NEUROIMAGING FINDINGS IN

THE INTERPRETATION OF TISSUE BIOPSIES

Although a tissue-based diagnosis must be made and must

stand by itself independent of neuroradiologic findings, it is

very reassuring if there is a concordance/correlation between

the surgical pathology impression and the neuroradiologic

differential diagnoses.

Notable neuroradiologic “rules” suggest that:

— Contrast-enhancing lesions exhibiting a diffuse pattern of
growth are probably high grade/malignant lesions

— Discrete enhancing and non-enhancing lesions are sugges-
tive of low grade or benign tumors

— Cystic mass lesions with enhancing mural nodules are
probably low grade lesions, especially when located in the
temporal lobe or cerebellum

— Diffusion restriction is consistent with a highly cellular
tumor and raises the differential diagnoses of atypical
teratoid rhabdoid tumor or primitive neuroectodermal
tumor/medulloblastoma or anaplastic ependymoma,
etc. and

— Increased perfusion (correlates with contrast enhancement)
is usually associated with higher grade tumors with the
exception of pilocytic astrocytoma, which, in spite of its
increased perfusion, is a low-grade tumor

0.4 ANALYSIS OF CNS TUMORS

Intraoperative consultation is an integral part of the manage-

ment of brain tumors in most centers.

The goal of a gross examination is to determine how the tis-

sue differs from the normal.

— Firm to rubbery consistency often suggests a low-grade
glial tumor.

— Soft, necrotic and hemorrhagic tissue is more characteristic
of high-grade malignant tumors.

When histologic sections are available for review, the fol-

lowing determination has to be made: (1) Is the tissue repre-

sentative and diagnostic? (2) Is the lesion neoplastic or not?

(3) If it is neoplastic, is it primary or secondary? (4) If pri-

mary, is it low grade or high grade? (5) Is the putative dif-

ferential diagnosis corroborated by the clinical history and

the pre-operative neuroradiologic findings?

The ultimate final diagnosis often has prognostic implica-

tions and must, therefore, be unambiguous because upon

such a diagnosis rests the important decisions regarding the

utility or otherwise of further attempts at surgical resection,

as well as the appropriate use of chemotherapy and/or radio-

therapy for tumor control.



2 INTRODUCTION AND OVERVIEW OF BRAIN TUMORS

Table 0.1 Classification of tumors of the nervous system.

Astrocytic Tumors

Pilocytic astrocyoma
Pilomyxoid astrocytoma
Pleomorphic xanthoastrocytoma
Diffuse astrocytoma
Anaplastic astrocytoma
Glioblastoma
Giant-cell glioblastoma
Gliosarcoma
Gliomatosis cerebri
Oligodendroglial Tumors
Oligodendroglioma
Anaplastic oligodendroglioma
Oligoastrocytoma
Anaplastic oligoastrocytoma
Ependymal Tumors
Ependymoma
Anaplastic ependymoma
Myxopapillary ependymoma
Subependymoma
Choroid Plexus Tumors
Choroid plexus Papilloma
Atypical choroid plexus papilloma
Choroid plexus carcinoma
Other Neuroepithelial Tumors
Astroblastoma
Chordoid glioma of the third ventricle
Angiocentric glioma
Neuronal and Mixed Neuronal-Glial Tumors
Ganglioglioma and gangliocytoma
Desmoplastic infantile astrocytoma and ganglioglioma
Central neurocytoma and extraventricular neurocytoma
Cerebellar liponeurocytoma
Papillary glioneuronal tumor (PGNT)
Rosette-forming glioneuronal tumor of the 4th ventricle (RGNT)
Paraganglioma (spinal)
Tumors of the Pineal Region
Pineocytoma
Pineal parenchymal tumor of intermediate differentiation
Pineoblastoma
Papillary tumor of the pineal region
Embryonal Tumors
Medulloblastoma
CNS primitive neuroectodermal tumor (PNET)
Medulloepithelioma
Ependymoblastoma
Atypical teratoid/rhabdoid tumor
Tumors of the Cranial Nerves
Schwannoma
Neurofibroma
Perineurioma
Malignant peripheral nerve sheath tumor (MPNST)
Meningeal Tumors
Meningiomas
Mesenchymal, non-meningothelial tumors
Hemangiopericytoma
Melanocytic lesions
Hemangioblastoma
Tumors of the Hematopoietic System
Malignant lymphomas
Histiocytic tumors

Germ Cell Tumors
CNS germ cell tumors
Familial Tumor Syndrome
Neurofibromatosis type 1
Neurofibromatosis type 2
Schwannomatosis
Von Hippel-Lindau disease and haemangioblastoma
Tuberous sclerosis complex and subependymal giant cell astrocytoma
Li—Fraumeni syndrome and TP53 germline mutations
Cowden disease and dysplastic gangliocytoma of the cerebellum/
Lhermitte-Duclos Disease
Turcot syndrome
Naevoid basal cell carcinoma syndrome
Rhabdoid tumor predisposition syndrome
Tumors of the Sellar Region
Pituitary adenoma
Craniopharyngioma
Granular cell tumor of the neurohypophysis
Pituicytoma
Spindle cell oncocytoma of the adenohypophysis
Metastatic Tumors of the CNS

e A multidisciplinary approach to treatment decisions provides
the best framework for optimal patient care.

e There is an emerging and growing list of molecular tumor
markers with potential diagnostic and prognostic utility. The
availability of such data can only enhance the quality of
treatment decisions; they are particularly critical for coun-
seling in the setting of familial tumor syndromes.
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Section A: Glial Tumors

Christine E. Fuller, Sonia Narendra and loana Tolicica

Abstract Section A addresses glial tumors that arise in the pediatric population. The first subsections
cover astrocytic tumors, including invasive/infiltrative astrocytomas of low (diffuse astrocytoma),
intermediate (anaplastic astrocytoma), and high grade (glioblastoma and variants), as well as the
“solid” astrocytic lesions, pilocytic astrocytoma and pleomorphic xanthoastrocytoma. Also high-
lighted are the recently recognized monomorphous pilomyxoid astrocytoma and the concept of
gliomatosis cerebri. The next subsection deals with oligodendroglial tumors including oligodendro-
glioma, mixed oligoastrocytoma, and their corresponding anaplastic counterparts. The final subsec-
tion covers ependymomas; the various histologic subtypes, including anaplastic ependymoma, are
presented. Specific emphasis will be placed on the classic neuroimaging and pathologic characteris-
tics of each of these entities, with careful consideration of differential diagnosis in each instance.



Pilocytic Astrocytoma and Pilomyxoid Astrocytoma

Christine Fuller and Sonia Narendra

Keywords Pilocytic astrocytoma; Pilomyxoid astrocytoma; -
Tanycyte; Tanycytoma

1.1 OVERVIEW

e Pilocytic astrocytoma (PA)

— Circumscribed, slow-growing, and often cystic astro-
cytic neoplasm, typically with a biphasic compact and
loose architecture by histology and corresponding to
WHO grade L.

— Though most are sporadic, there is a well-established
association of pilocytic astrocytoma and Neurofibro-
matosis Type 1 with germline mutations of the NF1
(neurofibromin) gene; optic nerve involvement, par-

Occasionally occurring in adulthood, most lesions come
to clinical attention within the first two decades of life.
There is no particular gender predilection.

Clinical presentation of PAs varies depending on their

localization, with the corresponding signs / symptoms of a

slowly evolving process:

— Optic pathways lesions produce visual compromise.

— Endocrinopathies often accompany hypothalamic /
third ventricular lesions.

— Posterior fossa lesions often present with signs of CSF
obstruction / increase in intracranial pressure, clumsi-
ness, or specific signs of brainstem dysfunction.

— Cord lesions produce localizing signs and symptoms
related to mass growth and nerve root impingement.

ticularly bilateral, is the most common CNS finding. e Pilomyxoid astrocytoma

ELINT3

— Has been referred to as “optic nerve glioma”, “cerebellar -

astrocytoma”, “dorsal exophytic brain stem glioma.”
o Pilomyxoid astrocytoma (PMA)

— A recent addition to the 2007 WHO classification of -
tumors of the CNS, this lesion shares some histologic
features of PA, though tends to occur in younger
children and exhibits a more aggressive clinical -
behavior. It is correspondingly given a WHO grade 11
designation.

— Sporadic in nature, only a single example reported aris-

PMA is much less common than PA, though the true
incidence is unclear given that it has only recently been
well-characterized from a diagnostic perspective.

Mean age at diagnosis is 18 months (versus 5 years for
PA); only rarely presents in adults. There is no gender
predilection.

Patients may present with failure to thrive, developmen-
tal delays, diplopia, and signs / symptoms related to
increased intracranial pressure / hydrocephalus.

il’lg in the context of NF1. 1.3 NEUROIMAGING

— Though its histogenesis remains uncertain, theories

include the following: e Pilocytic astrocytoma

— The term “tanycytoma” has been proposed by -
some authors in reference to the fact that PMA
have been shown to exhibit ultrastructural charac-
teristics similar to those of “tanycytes,” precursor
cells found within circumventricular organs and
floor of the third ventricle.

— Others have proposed that PMA represents some -
variant of glioneuronal neoplasm in reference to -
immunohistochemical and ultrastructural features
outlined elsewhere. -

— PMAs may represent an “immature pilocytic astro-
cytoma” as there have been several documented
cases in which recurrent lesions have shown fea-
tures of classic PA.

1.2 CLINICAL FEATURES

e Pilocytic astrocytoma
— Pilocytic astrocytoma is the most frequent glioma of
childhood and accounts for the vast majority of cerebel-
lar astrocytomas; it likewise represents the most com-
mon pediatric brain tumor.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
DOI 10.1007/978-1-4419-1062-2_1, © Springer Science + Business Media, LLC 2010
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Though they may arise anywhere within the CNS, the
cerebellum and brainstem are the most common sites of
localization in the pediatric population, followed by the
hypothalamus / optic chiasm and optic nerve. Less com-
mon sites include the thalamus, basal ganglia, cerebrum,
and spinal cord.

Intracranial lesions are frequently periventricular.

Cerebral lesions tend to occur in an older cohort of

patients.

Several imaging patterns have been described:

— Many show a cyst/ mural nodule configuration (typi-
cally with strongly enhancing mural nodule; cyst
wall may or may not enhance) (Fig. 1.1a-b)

— Less frequently encountered is a predominantly
solid mass. (Fig. 1.1c-f) Rarely may present as a
necrotic mass with central non-enhancing zone.
(Fig. 1.1g)

— The cyst / mural nodule configuration is typical of
cerebellar or cerebral tumors, while hypothalamic
tumors form discrete well-circumscribed masses.
Brainstem lesions typically manifesting as a dor-
sally-exophytic mass. (Fig. 1.1h)



PILOCYTIC ASTROCYTOMA AND PILOMYXOID ASTROCYTOMA

— Optic nerve gliomas tend to grow as fusiform
enlargements secondary to confinement by dura
sheath.

— They are hypointense on T1-w and hyperintense on T2-w
and FLAIR MR imaging (Fig. 1.1c-e, respectively).

— The characteristic strong contrast enhancement post-
contrast is helpful in differentiating these tumors from
low grade infiltrative gliomas which typically do not
enhance.

— Rarely are they multifocal, and intralesional hemorrhage,
calcifications, peritumoral edema, and CSF dissemina-
tion are quite uncommon.

— By MR spectroscopy, they most frequently show ele-
vated choline (Cho) and decreased Creatine (Cr) and
N-acetyl aspartate (NAA).

Pilomyxoid astrocytoma

— Characteristically arises within the hypothalamic / chias-
matic area; rare examples have been documented within
the thalamus, temporal lobe, posterior fossa structures,
and spinal cord.

— By MR imaging, they are solid, sometimes with cystic or
necrotic areas. Typically they are hypointense to isoin-
tense on T1 and hyperintense on T2-weighted images,
with T2 signal abnormalities frequently extending out
into surrounding parenchyma.

— Homogeneous contrast enhancement is a consistent find-
ing. (Fig. 1.2)

— They may show infiltration or encasement of adjacent
structures, including the circle of Willis. CSF dissemina-
tion may also be present.

— CT Scan - hypodense on non-enhanced and heteroge-
neous on contrast enhanced images.

— One study showed high Cho/Cr ratio in peritumoral
regions of PMA, possibly reflecting the more aggressive
and infiltrative behavior of this lesion. Short echo MRS
showed a much higher Cho/Cr ratio for PMA compared
with PA, as well as a lower Myo/Cer ratio.

1.4 PATHOLOGY

Gross pathology: Pilocytic astrocytomas tend to be well-
circumscribed and often cystic, whereas PMA are usually
solid and may show areas of hemorrhage.

Intraoperative cytologic imprints / smears:

— Pilocytic astrocytoma smear preparations contain a vari-
ably myxoid background harboring cells with fine elon-
gated cell processes and bland nuclei. (Fig. 1.3a-b)
Rosenthal fibers and eosinophilic granular bodies (EGBs)
are helpful findings when present (Fig. 1.3c and d)

— Nuclear pleomorphism, microcalcifications, perivascular
pseudorosettes, and hemosiderin-laden macrophages are
infrequently present.

— Smear preparations of PMA may closely resemble those
of pilocytic astrocytoma, (Fig. 1.3e-f) although they are
usually entirely lacking in Rosenthal fibers and EGBs.

Histology

Pilocytic astrocytoma (WHO grade I): Although well-

known for their histologic heterogeneity (see below), the

classic pilocytic astrocytoma exhibits a biphasic histopathol-
ogy in which compact arrangements of astrocytes with elon-
gated hair-like “piloid” processes alternate with loose,

hypocellular microcystic zones containing cells with a more

stellate multipolar appearance.(Fig. 1.4a-d)

— Rosenthal fibers (brightly eosinophilic corkscrew-shaped
structures), (Fig. 1.5a) eosinophilic granular bodies
(EGBs), (Fig. 1.5b) and hyaline droplets may be plenti-
ful or rare, but are a consistent finding in pilocytic
astrocytomas.

— Spread often occurs along perivascular Virchow-Robin
and subarachnoid spaces, (Fig. 1.6) the latter frequently
accompanied by a rich reticulin network.

— Large multinucleated cells (“pennies on a plate”), nuclear
pleomorphism, (Fig. 1.7a and b) and complex glomeru-
loid vascular structures (Fig. 1.7¢) may be encountered,
and are of no prognostic significance. Infarct-like necro-
sis may also be seen.

— Though discrete-appearing grossly, over 50% will exhibit
microscopically infiltrative margins (so-called “creeping
substitution”).

— Examples that are extensively infiltrative are referred to as
the “diffuse” pattern, though they share the same favorable
prognosis as the typical pilocytic astrocytomas; these most
often arise in the cerebellar hemispheres.

— Other diagnostically problematic patterns to consider:

— Extracellular myxoid material and perinuclear halos
can be extensive, mimicking oligodendroglioma.
(Fig. 1.8a)

— Vascular hyalinization and telangiectasias or angiom-
atous features are occasionally prominent enough to
suggest a diagnosis of vascular malformation.

— Perivascular pseudorosettes (mimicking ependy-
moma) and “spongioblastoma-like” rhythmic pali-
sades may be encountered. (Fig. 1.8b-c)

— Anaplastic / malignant progression is extremely rare,
often associated with prior radiation therapy.

— Though not yet clearly defined, these lesions
should display some degree of hypercellularity,
brisk mitotic activity, endothelial proliferation and
palisading necrosis.

Pilomyxoid astrocytoma (WHO grade II): Its name

accurately portrays its histologic findings, containing a

monomorphous population of bipolar cells with delicate

elongated “piloid” processes bathed by an abundant myx-
oid matrix. These cell processes frequently radiate from
vessels in a pseudorosette fashion. (Fig. 1.9a-d)

Rosenthal fibers and EGBs are absent, as is the characteris-

tic biphasic compact and loose architecture of classic PA.

Focal areas of necrosis, hemorrhage, or vascular prolifera-

tion may be seen, and mitotic figures range from few to

quite frequent.

1.5 ELECTRON MICROSCOPY

Pilocytic astrocytoma Ultrastructurally, the individual

cells contain abundant cytoplasmic intermediate filaments,

and Rosenthal fibers correspond to intracellular amorphous

electron-dense masses surrounded by intermediate

filaments.

— Pilomyxoid astrocytoma

— Tumor cells are typically bipolar, extending elon-

gated thin cell processes to rest upon the basal
lamina of bloods vessels in pseudorosette-like
formations. (Fig. 1.10a)
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— Some cells contain abundant intermediate (glial)
filaments.

— Apical surfaces may display microvilli, blebs, and
occasional cilia.

— Vesicles and coated pits, as well as dense core gran-
ules (Fig. 1.10b) and “synaptoid” complexes have
all been described.

1.6 IMMUNOHISTOCHEMISTRY

Pilocytic astrocytoma

— As with other astrocytic lesions, GFAP positivity can be
demonstrated by immunohistochemistry, typically most
prominent in the compact zones. (Fig. 1.11a)

— Ki67 / Mib-1 proliferation index is low, though is not
helpful in differentiating PA from low grade infiltrative
astrocytomas.

— Absence of intratumoral anti-neurofilament positive pro-
cesses indicative of a solid growth pattern is helpful in
differentiating PA from more diffusely infiltrative astro-
cytomas. (Fig. 1.11b)

— A recent study has found frequent immunopositivity
for oligodendroglial differentiation markers including
myelin basic protein (MBP), PDGFR-alpha, Olig-1 and
Olig-2. Aninverse correlation was found between MBP
expression and proliferative index, while PDGFR-alpha
expression held a positive correlation with both prolif-
eration and shortened progression-free survival.

Pilomyxoid astrocytoma

— Lesional cells are characteristically diffusely positive
for GFAP, S100, and vimentin. (Fig. 1.11c)

— Synaptophysin may be positive, (Fig. 1.11d) though
other neuronal markers (chromogranin and neurofila-
ment) are negative. Neurofilament may on occasion stain
overrun neuritic processes, indicating infiltrative tumor.

— Ki67/Mib-1 labeling may range from 2 to 20%.

1.7 MOLECULAR PATHOLOGY

Pilocytic astrocytoma

— In addition to the aforementioned association of PA
with NF1, recent studies suggest focal gains of chro-
mosome 7q34 and BRAF gene mutation or rearrange-
ment (tandem duplication) resulting in aberrantly
increased BRAF-MEK-ERK signaling are common
findings in sporadic PAs.

— PAs have been found to lack genetic changes commonly
seen in diffuse astrocytomas, including alterations of
p53, pl6, EGFR, RB, and PTEN.

Pilomyxoid astrocytoma

— No defining genetic signature has thus far been eluci-
dated, though rarely PMA has been found in the context
of NF1.

1.8 DIFFERENTIAL DIAGNOSIS

Pilocytic astrocytoma- Because it may display a variety of

histologic patterns, PA may be confused with a variety of

neoplastic (and non-neoplastic) processes.

— The compact areas of pilocytic astrocytoma may be
indistinguishable from areas of “piloid gliosis” contain-
ing abundant Rosenthal fibers. Correlation with radio-

graphic and surgical findings will frequently aid in this

differentiation.

— PA may resemble low grade infiltrative astrocytoma (or
sometimes oligodendroglioma as noted above), particu-
larly on limited biopsies.

— Diffuse PAs, by definition, tend to be more infiltrative, so
this alone cannot be used as a differentiating feature.

— Rosenthal fibers and EGBs are however reliable
clues to the diagnosis of PA in these settings. Please
note that Rosenthal fibers and EGBs are not limited
to PAs, and may be encountered in ganglion cell
tumors and PXAs as noted elsewhere.

— Architectural patterns such as ependymoma-like perivas-
cular pseudorosettes and rhythmic “spongioblastic” pali-
sades should always prompt a careful search for other
more classic features of PA.

— Care should be taken in the assessment of small biopsies
from presumed optic nerve PAs as one may encounter
significant meningothelial hyperplasia which could be
misinterpreted as meningioma.

PMA

— Though it may closely resemble PA, the absence of
Rosenthal fibers, EGBs, biphasic architecture, and presence
of abundant myxoid background and angiocentric arrange-
ments help differentiate PMA from pilocytic astrocytoma.

— The perivascular pseudorosettes of PMA may lead one to
consider ependymoma, however the latter does not tend
to bear an abundant myxoid background, nor does it typi-
cally show positivity for synaptophysin. Ependymomas
may uncommonly involve the hypothalamic/chiasmatic
region, as is typical of PMA.

1.9 PROGNOSIS

Pilocytic astrocytoma

— Prognosis is excellent overall, with mean progression-
free and overall survival times of 13 and 20 years, respec-
tively. Unfortunately, tumors arising in unfavorable
locations may occasionally result in significant morbid-
ity and mortality despite slow growth. In these cases,
chemotherapy and gamma knife radiosurgery may be
helpful in disease stabilization.

— Recurrence is more common in chiasmatic/hypothalamic
lesions, these tumors being particularly difficult to com-
pletely excise given the high morbidity/mortality rates
associated with surgery in this region. Chemotherapy is
therefore the primary treatment in these cases, with sur-
gery reserved for post-therapy relapses.

PMA

— PMA behaves more aggressively than pilocytic astrocy-
tomas, experiencing a higher rate of recurrence as well
as shortened progression-free and overall survivals.

— On occasion, these tumors are rapidly fatal, and may
show CSF dissemination.

A recent gene expression profiling study found decreased

levels of aldehyde dehydrogenase 1 family member L1

(ALDHIL1) in clinically aggressive compared to typical

PAs, in PAs with increased cellularity and necrosis, and in the

majority of PMAs, indicating that ALDHI1L1 underexpres-

sion is associated with aggressive histology and/or biologic
behavior in these neoplasms with pilocytic morphology.
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Fig. 1.1. (a) Coronal T1-w post-Gd MR image of cerebral pilocytic astrocytoma showing characteristic cyst with enhancing mural nodule. Some
lesions are multicystic, as is this cerebellar example (b, axial T1-w post-Gd). Note the variability of cyst wall enhancement in these two images.
Images ¢ through f demonstrate a predominantly solid PA, with unusual localization in the insular region. The lesion is hypointense on T1 (c),
hyperintense of T2 and FLAIR (d and e respectively), and show only slight contrast enhancement (f). Rarely, PA can present as a ring-enhancing
lesion with central necrosis as seen in (g); this tumor likewise has surrounding edema, and closely mimicked glioblastoma from a radiographic
perspective. (h) Sagittal T2-w MR image of a dorsally exophytic brain stem pilocytic astrocytoma. (Fig. 1b-g courtesy of Dr Gary Tye, Virginia
Commonwealth University, Richmond, VA)
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Fig. 1.2. (a) Axial T1-w post-Gd MR image of a pilomyxoid astrocytoma
showing a large suprasellar lesion with strong contrast enhancement.
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Fig. 1.3. Smear preparations of pilocytic astrocytoma at low (a) and high (b) magnification showing bipolar cells with elongated hair-like pro-
cesses. Rosenthal fibers (¢) and eosinophilic granular bodies (d) are a helpful diagnostic feature when present. Cytologic preparations of pilo-
myxoid astrocytoma (e-f) show similar features to pilocytic astrocytoma, though have notably more myxoid background material.
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Fig. 1.4. (a) Classic biphasic appearance of pilocytic astrocytoma with alternating compact and loose architectures. (b and ¢) Within the looser
microcystic areas, myxoid material is often present, and cells may take on either a bipolar or stellate appearance, bearing elongated delicate pro-
cesses. (d) In more compact areas, cells tend to be elongated and their delicate nature less obvious; often Rosenthal fibers are seen in these areas.

Fig. 1.5. (a) Rosenthal fibers may on occasion be excessive, obscuring the underlying neoplasm. (b) Eosinophilic granular bodies (EGBs) are
typically present in the less compact / microcystic areas of pilocytic astrocytoma.
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Fig. 1.6. Leptomeningeal extension by pilocytic astrocytoma is not
unusual, and is of no prognostic significance.
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Fig. 1.7. (a and b) Degenerative-type nuclear pleomorphism and multinucleated tumor giant cells are not infrequent in pilocytic astrocytoma, and
again are not prognostically relevant. Numerous EGBs are seen in 7B. (¢) Glomeruloid vascular structures may likewise be present and do not
connote malignant degeneration.
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Fig. 1.8. As one of the great mimickers, pilocytic astrocytomas may harbor areas resembling oligodendroglioma (a) with clear zones/ cytoplasm
surrounding rounded nuclei. (b) Perivascular pseudorosettes similar to those of ependymomas are seen on occasion. (¢) Rhythmic “spongioblas-
tic” palisades may rarely be encountered. All of these elements should prompt a careful search for more typical histologic features of pilocytic
astrocytoma.
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Fig. 1.9. (a and b) Pilomyxoid astrocytomas are characterized by a monotonous population of cells with bland nuclei and elongated cell pro-
cesses scattered amongst a background of abundant myxoid material. These lesions may be of low to moderate cellularity (¢ and d), though
always lack Rosenthal fibers and EGBs unlike pilocytic astrocytomas. Perivascular pseudorosettes are a frequent finding (a, b, and d).(Fig. 9d
courtesy of Dr Arie Perry, Washington University School of Medicine, St Louis, MO)

Fig. 1.10. (a) Ultrastructurally, pilomyxoid astrocytomas contain cells with a bipolar morphology, with elongated thin cell processes extending
to rest upon the basal lamina of blood vessels (corresponding to perivascular pseudorosettes by histology). (b) Dense core granules may be seen
in some cases.
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Fig. 1.11. (a) Pilocytic astrocytomas are diffusedly positive for GFAP. (b) Neurofilament staining may be helpful in showing the solid growth
pattern of pilocytic astrocytoma, here seen as a lack of neurofilament stained processes in the central portion of this photomicrograph. Pilomyxoid
astrocytoma is similarly diffusely positive for GFAP (a), though may be similarly positive for synaptophysin (b).
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2.1 OVERVIEW

Pleomorphic xanthoastrocytoma (PXA) is an uncommon
astrocytic lesion that despite its significant histologic pleo-
morphism, generally behaves in a less aggressive fashion
than similarly pleomorphic infiltrative gliomas; the latter
affords it a WHO grade II designation.

The vast majority are sporadic, with only rare examples
described in association with neurofibromatosis type I (NF1).
Previously referred to as fibroxanthoma and xanthosar-
coma, they have also been misclassified as forms of giant
cell glioblastoma or monstrocellular sarcoma.

Postulated to originate from subpial astrocytes, multipotential
neuroectodermal precursor cells, or pre-existing hamartoma-
tous lesions, PXAs represent distinctive astrocytic neoplasms
with a variable degree of neuronal differentiation demonstra-
ble by immunohistochemistry and electron microscopy.

2.2 CLINICAL FEATURES

Representing <1% of all astrocytic tumors, PXAs most fre-
quently arise within the first three decades of life. No gender
predilection is apparent, and occasional cases have been
reported in the elderly.

Given their superficial “meningo-cerebral” localization,
patients typically present with a history of seizures, often
of a longstanding nature.

Headaches may also occur.

2.3 NEUROIMAGING

PXAs are almost always supratentorial and superficially-
situated within the cerebral hemispheres (most commonly
the temporal or parietal lobe) with involvement of the
leptomeninges.

Rare sites include the cerebellum, spinal cord, thalamus,
and cerebellopontine angle.

70% arise as a cyst with solid mural nodule, the remainder
being predominantly solid with variable small cystic areas.
Their solid component is iso to hypodense on CT, isoin-
tense on T1-weighted MR imaging, mildly hyperintense on
T2-weighted imaging, and strongly enhances following gad-
olinium administration (Fig. 2.1a and b).

Intratumoral hemorrhage or calcifications are uncommon;
peritumoral edema may be present, but is typically minimal.
They may rarely show multifocality or leptomeningeal
dissemination.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
DOI 10.1007/978-1-4419-1062-2_2, © Springer Science + Business Media, LLC 2010

19

2.4 PATHOLOGY

Gross pathology: Operative sampling of PXAs yield solid firm
tissue (+/- cystic component) with variable coloration ranging
from tan to yellow, the latter areas corresponding to xanthoma-
tous histology.

Leptomeninges are usually present in the sample, incorpo-

rated into the solid portion of the tumor.

Intraoperative cytologic imprints / smears: Cytologic sam-

ples are polymorphous, containing cells with quite variable

cytomorphology; fibrillary astrocytic, spindled, and giant
pleomorphic forms with abundant sometimes vacuolated

cytoplasm may all be present. (Fig. 2.2a and b).

Eosinophilic granular bodies and scattered lymphocytes

are often identifiable.

Histology:

— PXAs as a group are quite heterogeneous in their histo-
logic appearance, however several key features are con-
sistently present in all:

— They are composed of spindle cells arranged in fasci-
cles, intersecting bundles, or a storiform pattern,
together with an admixture of variably pleomorphic
giant cells, the nuclei of which may be singular, mul-
tilobated, or multiple. Nuclear hyperchromasia is
typical, and intranuclear cytoplasmic invaginations
are often present. (Fig. 2.3a and b)

— Large xanthomatous cells with abundant intracytoplas-
mic lipid droplets are a helpful diagnostic feature when
present, (Fig. 2.3c) though these may be quite inconspic-
uous in some cases.

— A rich reticulin network surrounds individual cells and
small cell nests. (Fig. 2.3d)

— Though not a diagnostic requirement, eosinophilic
granular bodies (EGBs) are almost always present.
(Fig. 2.3¢).

— Perivascular and intratumoral collections of small
lymphocytes are also frequent. (Fig. 2.3e)

— Similar to pilocytic astrocytoma and ganglion cell
tumors, PXAs display a solid growth pattern, particu-
larly those examples situated predominantly in the suba-
rachnoid space.

— The interface with underlying / surrounding brain
parenchyma is however variable, and infiltrative
areas resembling diffuse astrocytoma may be
encountered.

— Typical PXAs have a negligible mitotic rate and are
devoid of necrosis and vascular proliferation.

— The term “PXA with anaplastic features” is reserved for
those tumors with > 5 mitoses/10 high power fields, and/
or necrosis. (Fig. 2.3f)
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— Composite PXA/ganglioglioma, replete with identifi-
able ganglion cell component, may be occasionally
encountered, and PXAs with clear cell change, pig-
mentation, and papillary structures have been reported.

— Features of cortical dysplasia may be seen in cortex adja-
cent to PXA in some cases.

2.5 IMMUNOHISTOCHEMISTRY

e PXAs are notable for their biphenotypic glial and neuronal
staining pattern.

— They are consistently positive for S-100 and GFAP,
though the latter may be patchy. (Fig. 2.4a)

— Expression of neuronal markers, including synaptophysin,
neurofilament, MAP2, and Class III B-tubulin, may be
detected in individual pleomorphic cells; (Fig. 2.4b) these
markers will also highlight any true ganglion cell
component.

— (D34 expression is also frequently encountered.

2.6 ELECTRON MICROSCOPY

e  Ultrastructural features include cells containing numerous
intermediate filaments, lipid droplets, and lysosomes.

e Neuronal features present in some cells include microtu-
bules, dense core granules and/or clear vesicles.

e Intercellular basement membrane and aggregates of sec-
ondary lysosomes (corresponding to EGBs) are common.

2.7 MOLECULAR PATHOLOGY

o PXAs appear to be molecularly distinct from infiltrative
astrocytomas, exhibiting a low incidence of p53 mutations.

e Amplifications of EGFR, CDK4, and MDM2 have not been
detected.

e  Multiple chromosomal abnormalities have been documented
via cytogenetics and comparative genomic hybridization,
though only chromosome 9p loss with coincident homozy-
gous deletion involving CDKN2A/p 1448 /CDKN2B loci has
been encountered with significant frequency in 50% of cases.

2.8 DIFFERENTIAL DIAGNOSIS

e For PXA, the main alternate diagnostic consideration is
glioblastoma, especially the giant cell variant; both of these
cellular gliomas contain variable numbers of pleomorphic
astrocytes, though have significantly different therapeutic
and prognostic implications.

e Radioimaging findings of a cyst with enhancing mural nod-
ule strongly favors PXA, as do the histologic findings of
xanthomatous change, EGBs, a paucity of mitoses, and
lack of necrosis and vascular proliferation.

e Immunohistochemistry may be of assistance in demon-
strating positivity for neuronal markers and CD34, both of
which would be unexpected in glioblastoma.

o Immunopositivity for S-100 and GFAP effectively dif-
ferentiates PXA from the occasional pleomorphic lep-
tomeningeal-based sarcoma such as malignant fibrous
histiocytoma.

®  Ganglioglioma and pilocytic astrocytoma are two other entities
that arise in the young and may present as a cyst with mural
nodule on radioimaging studies.

— The former contains abundant dysmorphic ganglion cells
and lacks the prominent pleomorphism and lipidized
cells of PXA.

— Pilocytic astrocytomas also tend not to display the extent
of pleomorphism or reticulin network found in PXA, and
are usually less compact in their architecture, frequently
exhibiting loose microcystic areas containing cells with
typical piloid processes.

2.9 PROGNOSIS

e Although PXAs afford a relatively favorable prognosis,
with 5 year recurrence-free and overall survival rates of 70
and 80% respectively, a significant proportion will recur,
undergo anaplastic progression, or both.

e Completeness of initial resection and low mitotic rate are
both independent predictors of prolonged recurrence-free sur-
vival, whereas elevated mitotic rate (>5 mitoses / 10 HPF) and
necrosis are significantly associated with poor overall survival.
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Fig. 2.1. Axial MR imaging (a) T2-w showing a large solid mildly hyperintense well-circumscribed nodule with associated fluid-filled cyst arising
within the outer aspects of the right temporoparietal region. Peritumoral edema is fairly prominent in this case, and there is noticeable mass
effect. (b) Axial TI-w post-Gd imaging shows intense homogeneous enhancement of the solid nodule with rim enhancement of the cyst wall.

Fig. 2.2. Intraoperative cytologic smear preparations are quite polymorphous, containing a mixture of cells with (a) fibrillary astrocytic, spindled,
and (b) giant pleomorphic morphologies.
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Fig. 2.3. (a and b) PXAs, though notable for their heterogeneous histologic appearance, fairly consistently contain spindle cells arranged in fas-
cicles or intersecting bundles, together with an admixture of pleomorphic giant cells, the nuclei of which may be singular, multilobated, or multi-
ple. Nuclei are often hyperchromatic, though some cells may exhibit nuclear features similar to those seen in ganglion cells, containing more open
chromatin and singular prominent nucleoli (b). Eosinophilic granular bodies are another consistent feature (a-c¢). Cytoplasmic vacuolization may
be extensive as in this example (c¢), though in some PXAs may be exceedingly difficult to identity. (d) Verification of a rich reticulin network is
helpful in differentiating PXA from higher grade gliomas. (e) Similar to gangliogliomas, PXAs also frequently contain interspersed collections of
lymphocytes. (f) This PXA with anaplastic features was notable for brisk mitotic activity; necrosis was present elsewhere in the tumor.
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Fig. 2.4. (a) GFAP is likewise consistently positive in PXAs. (b) Not uncommonly, scattered individual tumor cells will express neuronal mark-
ers, such as synaptophysin shown here.
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3.1 OVERVIEW

Infiltrative astrocytomas represent a diverse group of glial

tumors of variable degree of malignancy that share in com-

mon the qualities of astrocytic differentiation and an inher-

ent ability to diffusely invade CNS parenchyma.

The WHO 2007 classification divides infiltrative astrocy-

tomas into three grades as follows:

— Diffuse astrocytoma (also known as well-differentiated or
low grade astrocytoma) — WHO grade II.

— Anaplastic astrocytoma — WHO grade III.

— Glioblastoma (also know as glioblastoma multiforme)
WHO grade IV.

As a group, infiltrative astrocytomas represent the most fre-

quent glial tumors afflicting adults, with glioblastoma

accounting for the largest percentage of all malignant CNS

tumors.

— They are second to pilocytic astrocytoma in terms of fre-
quency in the pediatric age group.

— Approximately 10% of all glioblastomas occur within the
first two decades of life.

The vast majority are sporadic. Epidemiological studies

have shown that previously irradiated patients are at

increased risk of subsequent astrocytoma development.

A minority are encountered in the context of various tumor

syndromes, including Li-Fraumeni syndrome (p53), Turcot

syndrome (APC), Tuberous sclerosis (TSC1 and 2),

Neurofibromatosis Type I (NF1), and multiple enchondro-

matosis (Ollier’s disease).

Gliomatosis — represents an aggressive diffusely infiltrative

glioma that involves broad regions of the CNS, typically

more than two lobes with or without bilateral hemispheric

involvement or extension into the posterior fossa and the

spinal cord.

3.2 CLINICAL FEATURES

Symptoms/signs are related to tumor location and/or sec-
ondary mass effect, and many times are nonlocalizing.
Cerebral hemispheric lesions may result in seizures or focal
motor deficits, whereas endocrinopathies can result from
hypothalamic lesions.

Pontine gliomas may present with cranial nerve deficits,
while spinal cord lesions may cause pain, weakness, par-
esthesias, or gait disturbance.
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Symptoms/signs associated with high grade lesions are usu-

ally of short duration prior to tumor detection.

There is no particular gender predilection with the exception

of supratentorial diffuse astrocytomas where afflicted males

outnumber females 2:1.

The vast majority of glioblastomas in children arise de novo

(i.e., primary glioblastoma) with malignant transformation

from an underlying low grade astrocytoma to glioblastoma

(i.e., secondary glioblastoma) being extremely rare in this

age group.

— Approximately <10% of low grade astrocytomas undergo
malignant transformation in children compared with over
90% in adult patients.

Pontine high grade astrocytomas occur at a younger age

(mean=38 years) compared with high grade astrocytomas of

other sites.

Gliomatosis is rare in adults and children, with neurologic

signs/symptoms generally nonlocalizing.

3.3 NEUROIMAGING

Though they do occur in the cerebral white matter, pediatric

grade II astrocytomas more often arise in deep brain midline

structures (especially thalami) with rare occurrence in the

cerebellum and the spinal cord (Fig. 3.1a, b).

Pediatric glioblastomas may arise within cerebral white

matter, often extending into deep gray structures or across

the midline (Fig. 3.1c¢).

— Unlike their adult counterparts, pediatric glioblastoma
additionally represents the most frequent tumor of the
brainstem, particularly the pons.

— Rarely do they arise in the cerebellum or spinal cord.

Localization of pediatric anaplastic astrocytoma is overlapping

at same sites noted for grade Il and IV lesions.

Both grade II and grade III lesions tend to be ill-defined,

being low density masses on CT studies.

— Calcification or cystic changes may be seen.

— Anaplastic astrocytoma often shows at least focal
enhancement.

Glioblastoma characteristically presents as a ring-enhancing

lesion (Fig. 3.1c¢).

Enhancement may be more heterogeneous in brainstem lesions.

Grade II lesions are poorly-marginated, hypointense on T1

and hyperintense on T2 (Fig. 3.1a) and FLAIR MR images.

— Contrast enhancement is not a feature (Fig. 3.1b), but
when contrast enhancement appears on follow-up imag-
ing studies, it heralds the occurrence of malignant pro-
gression or transformation.
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e High grade lesions are similar in their MR characteristics to
grade II astrocytoma; however, they frequently have sur-
rounding bright areas on T2-w imaging due to peritumoral
edema, as well as contrast enhancement (Fig. 3.1d-f).

e Giant cell glioblastoma and gliosarcoma tend to be more
demarcated than other glioblastomas.

e Brain stem gliomas may take the form of
— “Pontine glioma” — markedly expanded pons, often with

encroachment/engulfment of the basilar artery.

— Signal characteristic are variable, dependent upon
grade of tumor present.

— Ring enhancement of glioblastoma may be encoun-
tered (Fig. 3.2a—c).

— “Tectal glioma” — these lesions are limited to the periaq-
ueductal region and are isointense on T1 and hyperintense
on T2-weighted MR imaging, and they seldom show
enhancement.

e Brainstem dorsally exophytic gliomas — These are usually
pilocytic astrocytomas (see pilocytic astrocytoma section
for more details)

e Gliomatosis — At least three cerebral lobes are typically
involved, and they are usually bilateral and extend into deep
gray structures.

— Gliomatosis may extend to involve the posterior fossa
elements or even the spinal cord.

— Lesions are characteristically hyperintense on T2 and
FLAIR MR imaging (Fig. 3.3).

3.4 PATHOLOGY

e Gross pathology:

— Diffuse astrocytoma is frequently ill-defined grossly, dis-
torting the involved anatomical region and blurring gray-
white matter demarcations.

— These lesions do not show tissue destruction, merely
infiltration.

— Cystic areas or calcifications may be present, though
the gray-tan color and firm texture are otherwise
homogeneous (Fig. 3.4a).

— High grade astrocytomas, particularly glioblastomas,
tend to have a much more heterogeneous appearance,
forming grossly-obvious masses, often containing areas
of hemorrhage and/or necrosis. Because of this, they
typically have a mottled tan, red, and brown coloration
with alternating firm and softened zones (Fig. 3.4b).

— Gliosarcomas may be quite firm in consistency, due to
the particular sarcomatous component present.

e [Intraoperative cytologic imprints/smears:

— Smear/squash preparations of infiltrative astrocytomas
contain cells with oval to irregular-shaped hyperchro-
matic nuclei and elongated fibrillary cytoplasmic pro-
cesses. These processes are most evident at the periphery
of sheets of tumor cells (Fig. 3.5a).

— Cells with gemistocytic morphology may be plenti-
ful (Fig. 3.5b).

— High grade lesions, not surprisingly, are obviously hyper-
cellular, often times with mitotic figures identifiable on
cytology preparations.

— Vascular proliferation and a “dirty” necrotic back-
ground are features supportive of glioblastoma
(Fig. 3.5¢,d).

Histology: Four histologic criteria are utilized in the grading

of infiltrative astrocytomas:

— Nuclear atypia

— Mitosis

— Necrosis and/or

— Microvascular proliferation.

— Tumor grade is established based on the area of greatest
anaplasia.

— Diffuse/low-grade astrocytoma (WHO grade II): moder-
ately cellular astrocytomas that fulfill only one of the
listed criteria (nuclear atypia). Mitotic figures should be
exceeding difficult to find, and vascular proliferation and
necrosis are absent (Fig. 3.6a—c).

— Anaplastic astrocytoma (WHO grade III): hypercellular
astrocytomas that in addition to nuclear atypia, have
increased mitotic activity.

— Vascular proliferation and necrosis are absent.

— Cells with large pleomorphic or multiple nuclei may

be present (Fig. 3.6d.e).

— Neuropil-rich islands that are surrounded by oligodendro-
glial-like cells may be encountered in rare infiltrative
astrocytomas (grades II and III). These areas are charac-
teristically positive for neural markers synaptophysin and
Neu-N.

— A note of caution in grading:

— “Few mitoses are acceptable in a large sample of oth-
erwise typical grade II astrocytoma, whereas detec-
tion of even a single mitotic figure within a tiny
needle core biopsy would be grounds for upgrading
to high grade astrocytoma” (at least anaplastic
astrocytoma).

—  Glioblastoma (WHO grade IV): In addition to findings as
listed for anaplastic astrocytoma, glioblastomas display
necrosis (typically pseudopalisading necrosis) or micro-
vascular proliferation.

— Frequently both of the latter features are
demonstrable.

— Individual tumor cells may range from small to bipo-
lar to huge cells with markedly pleomorphic nuclei
or multinucleation (see below).

— Atypical mitotic figures may be present
(Fig. 3.7a—d).

— Microvascular proliferation may take the form of large
glomeruloid tufts (Fig. 3.7¢) to linear capillaries with
intraluminal multilayered endothelial proliferation
(Fig. 3.7d); both should show mitotic activity.

— Secondary structures (subpial accumulation of tumor
cells, perineuronal and perivascular satellitosis) are more
common in high grade astrocytomas than grade II astro-
cytoma), though this growth pattern is also common in
oligodendroglial tumors and gliomatosis (Fig. 3.8a—c).

— Multiple morphologic variants described:

— Fibrillary — this is by far the most frequently encoun-
tered morphology, which despite its name is typified
by cells bearing only minimal discernible cytoplasm
(naked nuclei). This morphology may be present in
both low (grade II) and high grade (IIT and I'V) lesions
(Figs. 3.6a—e, 3.7a—d).

— Gemistocytic — cells with plump eosinophilic cyto-
plasmic “bellies”, often with some extensions of
stout cytoplasmic processes at their periphery, and
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eccentric nuclei. Again, this morphology may be
seen in both low and high grade lesions. At least
20% of all cells in a given tumor must harbor this
morphology to warrant the designation of “gemisto-
cytic astrocytoma”, a variant known to be more
prone to malignant progression, at least in the adult
population; whether this propensity for progression
holds true in children is not clear (Fig. 3.9a-b).

Protoplasmic-neoplastic astrocytes showing small cell
bodies and few thin processes. Protoplasmic astrocy-
toma, solely bearing this morphology, is exceeding rare,
though cells with similar morphology may be seen in
other forms of astrocytoma, particularly within the loose
areas of pilocytic astrocytoma.

Giant cell — though some multinucleated tumor giant

cells are not uncommon in high grade astrocytomas,

glioblastoma populated nearly exclusively by large,
bizarre multinucleated giant cells are termed giant cell
glioblastoma (Fig. 3.10a-b).

— They tend to be more circumscribed on radioimaging
studies, subcortical in location, and sometimes con-
tain prominent reticulin networks.

— These are positive for GFAP, S100, and vimentin,
though negative for neural markers (unlike PXA).
This variant has been found to have a slightly better
prognosis, due in part to less invasiveness compared
with other forms of glioblastoma.

Small cell — may be encountered in high grade astrocytomas,
individual tumor cells bearing round to slightly oval nuclei with
minimal to imperceptible cytoplasm.

Small cell glioblastoma (predominance of cells with this
morphology) has been well recognized in adults, typi-
cally showing a high proliferation rate and little GFAP
staining; many will have EGFR mutation/amplification,
and positive staining by immunohistochemistry. The
incidence of this lesion in children is unknown
(Fig. 3.10c—f — represents an example of small cell glio-
blastoma in an adult, while g and h are a pediatric
example).

Uncommon cell morphologies include

— Lipidized cells.

— Carcinoma/epithelial-like cells — components resem-
bling adenocarcinoma, including signet ring cells, and
even a squamous appearance have been encountered.
— Chordoid areas may be seen (Fig. 3.11a).

— Granular cell — PAS and often CD68-positive cells
with abundant cytoplasm and oval hyperchromatic
nuclei.

— These are more often encountered in high grade
lesions and unfortunately are often GFAP nega-
tive (Fig. 3.11b).

— Rhabdoid - cells resembling rhabdoid cells of AT/
RT may be present, replete with polyphenotypia by
immunohistochemistry. Unlike AT/RT, these cells
retain nuclear positivity for INI1 (BAF47)
(Fig. 3.11c¢).

— Metaplastic components — benign stromal elements
(muscle, cartilage, bone) have been described, though
their incidence is far rarer than the sarcomatous ele-
ments of gliosarcoma.

— Gliosarcoma (WHO grade IV) — a biphasic high grade
glioma with both malignant astrocytic (glioblastoma)
and sarcomatous components. The sarcomatous portion
is frequently fibrosarcoma, though may include malig-
nant fibrous histiocytoma, chondrosarcoma, osteosar-
coma, leiomyosarcoma, rhabdomyosarcoma, or even
liposarcoma. Trichrome and reticulin stains are fre-
quently positive (Fig. 3.12a—f).

— Gliofibroma — very rare tumor, though more common in
children than adults. This biphasic tumor is similar to
gliosarcoma; however, the fibroblastic component is
nonsarcomatous. Grade is dependent upon the astrocytic
component though it is typically low grade and thus car-
ries a relatively favorable prognosis.

— Gliomatosis — most frequently astrocytic, though infre-
quently may contain oligodendroglial elements. Nuclei
tend to be elongated and hyperchromatic, and pleomor-
phic forms are not uncommon. Secondary structures
are frequently present. Mitotic activity is variable.
Areas akin to glioblastoma may be present in some
cases (Fig. 3.13a—d).

3.5 IMMUNOHISTOCHEMISTRY

Glial fibrillary acidic protein (GFAP) expression reflects the
extent of cytoplasmic development and is similarly present
in the intervening fibrillary matrix of these lesions
(Fig. 3.14a).

S100 shows diffuse nuclear and cytoplasmic positivity, and
Vimentin is similarly positive.

Ki-67 is variably positive, reflecting the low (grade II) to
brisk (grades III and IV) proliferative activity of the respec-
tive lesions.

Neurofilament staining of intratumoral neuritic processes
provides evidence of the infiltrative pattern of these neo-
plasms (Fig. 3.14b).

Pancytokeratin is often positive at least focally in higher
grade lesion, showing cross reactivity with glial intermedi-
ate filaments. More specific cytokeratin antibodies are usu-
ally negative.

Sarcomatous portions of gliosarcoma, though not positive
for GFAP, are consistently vimentin positive and tend to
take on the staining properties of the particular sarcoma ele-
ment present (muscle, fat, cartilage, etc.).

Gliomatosis is variably positive for GFAP and S100.

3.6 ELECTRON MICROSCOPY

The finding of abundant intermediate filaments by ultrastruc-
tural analysis is characteristic.

3.7 MOLECULAR PATHOLOGY

There are both similarities and differences between adult and
pediatric infiltrative astrocytomas from a molecular standpoint.

EGFR amplification is found in a significant proportion of
primary glioblastomas in adults, particularly the small cell
variant; in contradistinction, EGFR amplification is uncom-
mon in pediatric glioblastomas.
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e Occasional p53 mutations have been encountered in pediat-
ric astrocytomas, mainly in high grade tumors arising in
children >3 years old, whereas similar mutations may be
found in over 60% of grade II and III astrocytomas in
adults.

e Alterations of cell cycle regulatory genes including p16/
CDKN2A, RB, and PTEN have been encountered in both
adult and pediatric astrocytomas; in the latter, some authors
have found a correlation between the presence of PTEN
mutation and poor prognosis in high grade astrocytomas.

3.8 DIFFERENTIAL DIAGNOSIS

o Diffuse astrocytoma versus reactive astrocytosis — even in
astrocytomas of low cellularity, the distribution of cells is
irregular, nuclear hyperchromasia is evident, and typical
“star-like” elongated processes of reactive astrocytes are
absent.

— Neoplastic gemistocytes, similarly, will have stubby pro-
cesses, and not the elongated processes of reactive
astrocytes.

e Infiltrative astrocytomas versus other gliomas — diffuse
astrocytomas can be differentiated from oligodendroglial
tumors by paying close attention to nuclear morphology;
astrocytic tumors have oval to irregular-shaped nuclei,
whereas oligodendroglial tumors have round nuclei, with
perinuclear halo. Diffuse astrocytomas should not contain
Rosenthal fibers and eosinophilic granular bodies that are
usually present in pilocytic astrocytomas; radiographic find-
ing are dissimilar as well.

e Small cell glioblastoma may closely resemble PNET, though
typically has at least some positivity for GFAP, neuronal
stains should be negative, and EGFR positive staining
should be present.

— Again, the incidence of small cell glioblastoma in chil-
dren is not known, and therefore it is not clear whether
these findings typical of small cell glioblastoma arising in
an adult will hold true for a pediatric example.

e High grade astrocytoma with unusual cell types — rhabdoid
cells present in a glioblastoma can be problematic, raising
the differential diagnosis of AT/RT, but retained nuclear
positivity for INI1/BAF47 in the former will clinch the cor-
rect diagnosis.

—  When epithelioid elements make up the bulk of a glioblas-
toma, these can easily be confused with metastatic carci-
noma, cytokeratin expression is a common finding too in
this situation, though GFAP positivity helps rule out carci-
noma. Happily, metastatic carcinomas are extremely rare
in the pediatric population, though differentiation from
choroid plexus carcinoma may be problematic.

3.9 PROGNOSIS

e Although the majority of grade II astroctyomas arising in
adults will undergo malignant transformation, only a small
percentage (<10%) of pediatric low grade astrocytomas
(LGA) are destined to that fate. The remainder can expect
prolonged progression-free survival (mean approximately
10 years). This is particularly true of LGA arising in the

cerebrum with 10 year progression-free and overall-survival
rates of approximately 80 and over 90%, respectively.

e The median progression-free and overall survival for high
grade astrocytomas is 0.5 years and 1 year, respectively.
Tumor grade and extent of resection are significant prognos-
tic factors for high grade lesions arising outside the pons,
whereas radiation and chemotherapy appear to provide min-
imal survival benefit irrespective of tumor localization.

e Glioblastomas overall have a slightly longer survival times
in children in comparison with adults, though in both age
groups the prognosis is grim.

e Brainstem gliomas are variable in their biologic potential.
Dorsally exophytic and some tectal gliomas are in fact pilo-
cytic astrocytomas (see elsewhere), though even nonpilo-
cytic tectal gliomas rarely display invasive/aggressive
clinical behavior and should be managed conservatively,
with radio- or chemotherapy reserved for clinical progres-
sion. In contradistinction, brain stem gliomas carrying a
poor prognosis are those in which there is abducens palsy or
short duration of symptoms prior to presentation, pontine
location (diffusely infiltrative pontine astrocytoma), or
engulfment of the basilar artery. Though radiation therapy
frequently results in significant neurologic improvement in
these patients, the one year overall survival rate for these
patients still borders on only 25%.

o Infiltrative astrocytomas of the spinal cord carry a variable
prognosis depending on tumor grade. In all cases, complete
surgical resection is difficult as a distinct interface between
normal tissue and tumor is typically absent. Radiation ther-
apy often affords prolonged survival for grade II lesions
(5 year overall survival up to 70%) whereas patients with
high grade spinal astrocytomas rapidly succumb to their dis-
ease (within months) despite radiation or chemotherapy.

e Few studies have shown a significant association between
overexpression of p53 (Fig. 3.14c) and shortened progres-
sion free survival in high grade pediatric astrocytomas,
while loss of PTEN expression may be associated with
shortened overall survival.

e With gliomatosis, better survival is afforded by younger age
and lower histologic grade.
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Fig. 3.1. (a) Axial T2-w and (b) T1-w post contrast MR images showing a deep-situated low grade astrocytoma with bithalamic involvement;
note the lesion is hyperintense on T2, though it is difficult to appreciate on the T1-w image as there is no evidence of enhancement. (c)
Postcontrast computer tomography (CT) scan of a “butterfly” glioblastoma, crossing the midline through the corpus callosum and showing strong
ring enhancement. (Courtesy Dr Murat Gokden, University of Arkansas, Little Rock, AK, USA) Axial T2-w (d) and T1-w postcontrast (e¢) MR
images of a deep-seated glioblastoma. The former shows extensive T2 hyperintense peritumoral edema surrounding a lesion with heterogeneous
signal intensity, while the latter shows an irregular ring of enhancement with surrounding zone of hypointensity. (f) This thalamic glioblastoma
likewise shows characteristic ring enhancement, seen here on sagittal T1-w postcontrast MR imaging (Courtesy Dr Gary Tye, Virginia
Commonwealth University, Richmond, VA, USA).
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Fig. 3.2. Axial T2-w (a), FLAIR (b), and (c¢) T1-w postcontrast images of a pontine diffuse astrocytoma showing markedly expanded pons with
encasement of the adjacent basilar artery. The lesion is hyperintense on both T2 and FLAIR while hypointense on T1, whereas the small round
focus with central necrosis and surrounding ring contrast enhancement indicates glioblastoma component.

Fig. 3.3. This coronal T2-w MR image depicts an example of gliomatosis,
showing bright signal present in cerebral hemispheres, bilaterally, as well
as within the cerebellum around the 4th ventricle.
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Fig. 3.4. (a) Coronal brain section showing a large right thalamic diffuse astrocytoma with homogeneous consistency that markedly expands this
region and blurs the underlying architecture. (b) This pontine glioblastoma has a heterogeneous red and tan mottled appearance with areas of
hemorrhage and destructive necrosis.
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Fig. 3.5. (a) Smear preparation of a diffuse astrocytoma containing moderately cellular fragments of tissue and cells with oval hyperchromatic
nuclei and elongated fibrillar cytoplasmic processes. (b) This smear preparation of diffuse astrocytoma demonstrates the gemistocytic morphology,
the tumor cells having plump cytoplasmic “bellies”, some with discernible short processes, and eccentric round to oval nuclei. (¢ and d) Cytologic
preparations of high grade astrocytomas are much more hypercellular with cell crowding and overlap and atypical nuclei. Elongated fibrillary
process typical of astrocytomas should still be present. Mitotic figures may be seen, and a “dirty” background indicative of necrosis (d) is often
seen in smears of glioblastoma.
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Fig. 3.6. Diffuse/low grade astrocytomas are quite variable in their cellularity, ranging from mildly (a) to moderately (b) hypercellular. Features
helpful in discriminating grade II astrocytoma from reactive gliosis include the presence of atypical, usually hyperchromatic nuclei and irregular
cell distribution in the former. In these fibrillary astrocytomas (a—c), the oval to irregular shaped nuclei have little in the way of discernible
cytoplasm (“naked nuclei”), though fibrillary processes are seen within the background tissue. (d, e) Anaplastic astrocytomas (WHO grade III)
are notably more cellular, often with significant nuclear atypia, and with the additional feature of increased mitotic activity.
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Fig. 3.7. (a) At low power, glioblastoma appears as a highly cellular neoplasm, this case showing the characteristic serpiginous zones of
pseudopalisading necrosis. (b) Individual tumor cells are quite variable in their morphology and may range from small and bipolar to giant and
pleomorphic; mitotic figures should be easy to find. Microvascular proliferation may take the form of (¢) large glomeruloid capillary tufts or (d) more
linear-appearing capillaries with multilayered proliferating endothelial lining. Striking nuclear pleomorphism is also seen in multiple cells in (d).

Fig. 3.8. Secondary structure formation is frequently encountered at the less cellular infiltrative edges of high grade astrocytomas. These include
subpial accumulation of tumor cells (a), perineuronal satellitosis (b), and perivascular satellitosis (c).
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Fig. 3.9. (a) The gemistocytic morphology is characterized by cells with large eosinophilic cytoplasmic “bellies” and eccentric hyperchromatic,
often irregular shaped nuclei. When they represent a significant proportion of an infiltrative astrocytoma (b), the term “gemistocytic astrocytoma”
is appropriate.
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Fig. 3.10. (a and b) Giant cell glioblastoma, as its name implies, contains a preponderance of giant cells, including those with large bizarre or
multilobated nuclei as well as multinucleated forms. Smaller malignant astrocytic cells are intermixed. Figures c—f depict an example of a small
cell glioblastoma that arose in an adult patient. Note the marked hypercellularity and paucity of cellular cytoplasm (¢, d) causing superficial
resemblance to PNET. A small subpopulation of tumor cells are immunopositive for GFAP (e), while there is strong diffuse membrane staining
for EGFR (f). Neuronal markers were negative and Ki67 indicated a brisk proliferation index (not shown). (g) and (h) represent a small cell
glioblastoma from a child; note scattered cells staining positive for GFAP in h.
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Fig. 3.11. Unusual components of glioblastoma include (a) chordoid areas containing cells with an epithelioid morphology in a myxoid
background, (b) granular cells, and (c) cells with a rhabdoid appearance (note the cellular dyscohesion, eccentric nuclei including some with
vesicular chromatin and prominent nucleoli, and eosinophilic rounded cytoplasmic “bellies”).
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Fig. 3.12. Gliosarcoma is a biphasic tumor that in addition to a malignant glial (typically astrocytic) component includes a sarcomatous compo-
nent. These may include fibrosarcoma (a-most common), (b) osteosarcoma, (¢) chondrosarcoma, (d) rhabdomyosarcoma, and others. The malig-
nant astrocytic component can more easily be identified by its GFAP positivity (e), and trichrome stain (f) highlights abundant collagen within
fibrosarcomatous components.
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Fig. 3.13. (a and b) Gliomatosis represents the most widely infiltrative of all gliomas, often presenting as hyperchromatic elongated “naked
nuclei” percolating widely through brain parenchyma. Not surprisingly, there is a tendency for developing secondary structures (c¢). Tumor cells
may even extend into posterior fossa area as shown in this section of cerebellum (d) or even the brainstem and spinal cord.

Fig. 3.14. (a) GFAP is characteristically positive in astrocytoma, though may be quite variable, depending upon the amount of cytoplasm present
and degree of differentiation. (b) Neurofilament is helpful in documenting the infiltrative quality of these tumors as it decorates native neuritic
processes that have been overrun by invasive tumor. (¢) Nuclear positivity for p5S3 may be encountered in some pediatric cases, though it is less
frequent than similar positivity in astrocytomas arising in adults.
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4.1 OVERVIEW

Oligodendroglial tumors represent diffusely infiltrative
gliomas composed of cells morphologically resembling oli-
godendroglia. This group includes oligodendroglioma
(WHO grade II) and anaplastic oligodendroglioma (WHO
grade III), as well as tumors bearing a mixture of cells with
astrocytic and oligodendroglial morphologies: mixed oli-
goastrocytoma (WHO grade II) and anaplastic mixed oli-
goastrocytoma (WHO grade III).

The vast majority are sporadic tumors, only rarely present-
ing as radiation-induced gliomas or, in the context of heri-
table cancer family syndromes, similar to those listed for
astrocytomas.

Overall, this group of tumors accounts for approximately
5% of glial tumors, being far less common than astrocy-
tomas in adults, and even more infrequent in children.
However, the incidence of these tumors has increased in
recent years, due mainly to an expanded histomorphologic
definition.

4.2 CLINICAL FEATURES

The majority of oligodendroglial lesions occur in adults in
their fourth decade of life; they are uncommon in children,
accounting for less than 3% of primary central nervous sys-
tem (CNS) tumors in this age group. There is no significant
gender predilection.

Given the tendency of these tumors to diffusely infiltrate the
cerebral cortex, many patients will present with seizures,
regardless of age. Headache, focal neurologic deficits, and
signs/symptoms related to increased intracranial pressure
may also occur.

4.3 NEUROIMAGING

Oligodendrogliomas and mixed oligoastrocytomas (MOAs)
arise within the cerebral hemispheres, involving the cortex
and subcortical white matter.

— Frontal and temporal lobes are most frequent sites of
tumor origin, with parietal and occipital origination less
common.

— Multilobe involvement can occur, and rare cases showing
bilateral hemispheric tumor or localization within the
deep grey structures, posterior fossa, spinal cord, or
leptomeninges have been reported.
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Computerized tomography (CT) scans typically show a
well-demarcated hypo- to isodense lesion within the cere-
bral cortex and subcortical white matter (Fig. 4.1a).
Calcifications are encountered much more frequently in oli-
godendroglial tumors than in infiltrating astrocytomas.
Oligodendroglial tumors are hypointense on T1, hyperin-
tense on T2 and fluid-attenuated inversion recovery (FLAIR)
images, and again are well demarcated with generally mini-
mal surrounding vasogenic edema (Fig. 4.1b—f).
Areas of cystic change, hemorrhage, or calcification may be
seen on occasion.
Anaplastic (WHO grade III) lesions generally show contrast
enhancement and have a more heterogeneous appearance on
most image sequences given their variable content of intra-
tumoral hypercellularity, vascular proliferation, hemor-
rhage, and necrosis.
— Ring enhancement akin to that typical for glioblastoma
correlates with particularly poor prognosis.

4.4 PATHOLOGY

Gross pathology: Tissue from oligodendroglial tumors is
typically soft and grey-tan, sometimes with mucoid or hem-
orrhagic areas or flecks of calcification. Necrosis is limited
to higher grade tumors.

— At autopsy, these lesions appear as well-defined grey soft
masses involving the cortex and underlying white matter.
They tend to expand the involved gyri and cause blurring
of the grey—white junction.

Intraoperative cytologic imprints/smears:

— Cytological squash/smear preparations of oligodendro-
glial tumors contain cells with small, round nuclei typi-
cally lacking fine fibrillary processes, and a fine capillary
network (Fig 4.2a). Minigemistocytes may be present
(Fig. 4.2b).

— MOAs additionally contain a neoplastic astrocytic com-
ponent, identifiable as cells with oval to irregular-shaped
nuclei and fibrillary cytoplasmic processes.

— High-grade lesions tend to be more hypercellular with
substantial nuclear atypia and proliferating vasculature,
with or without necrosis.

Histology: The classification and grading of oligoden-
droglial tumors is less reproducible than it is for astro-
cytic tumors, due in part to definitional shifts in the
accepted morphologic spectrum of what is considered
evidence of “oligodendroglioma” or an “oligodendro-
glial component.”

— Apart from the classic “fried egg” morphology (Fig. 4.3a)
as described below, any of these oligodendroglial tumors
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may contain tumor cells resembling small gemistocytes
with small round nuclei (termed micro- or minigemisto-
cytes) or cells with limited glial fibrillary acidic protein
(GFAP) positive process formation (gliofibrillary oligo-
dendrocytes) (Fig. 4.3b and c).

Oligodendroglioma (WHO grade II) can display a spectrum

of histomorphologies, though classically they contain the

following:

— A monomorphous population of infiltrative tumor cells
with uniformly round nuclei and surrounding perinuclear
clearing/“halo,” imparting a “fried egg” appearance. This
helpful diagnostic feature is artifactual, secondary to for-
malin fixation and unfortunately lacking in frozen section,
smears, and rapidly fixed specimens (Figs. 4.3a and 4.4a).

— A fine network of branching capillaries resembling
“chicken wire” may be present.

— Microcalcifications and microcysts containing mucoid
material are common findings (Fig. 4.4b).

— Tumor cells have a tendency to accumulate in subpial
zones and form secondary structures such as perineuronal
and perivascular satellitosis; this feature is not, however,
limited to oligodendroglial tumors, and may be seen in
other highly infiltrative glial tumors, particularly high-
grade astrocytomas and gliomatosis (Fig. 4.4c, d).

— Occasional mitotic figures and scattered atypical nuclei are
also still compatible with a WHO grade 1I designation.

— Uncommon though notable findings in otherwise typical
oligodendroglioma include cells with granular eosino-
philic cytoplasm or signet ring morphology, and rhythmic
cellular palisading akin to a polar spongioblastoma-like
pattern.

Anaplastic Oligodendroglioma (WHO grade I11): In addi-

tion to the features noted above, anaplastic oligodendro-

glioma is notably hypercellular with numerous mitotic
figures, nuclear atypia, and microvascular proliferation

(Fig. 4.5a—c). Necrosis is sometimes present, often with

pseudopalisading of surrounding tumor cells.

— Hypercellular nodules with nuclear atypia and increased
proliferation may be encountered in otherwise typical
grade II oligodendroglioma. These areas may well repre-
sent early outgrowth of more malignant tumor clones;
however, a grade III designation should not be applied in
the absence of other and more diffuse features of anapla-
sia. A note of this “focal anaplasia” in the pathology report
will alert the treating clinician of the potential for near-
term anaplastic progression and the need for close
follow-up.

Mixed Oligoastrocytoma (WHO grade I1): These contain an

admixture of two neoplastic cell types: oligodendroglial and

astrocytic.

— Biphasic (compact) and intermingled (diffuse) patterns
occur, the former with separate discrete areas of oligoden-
droglioma and astrocytoma, while the latter has an admix-
ture of cell types. The diffuse variant is far more frequently
encountered (Fig. 4.6a—).

— Neoplastic cells with features intermediate between those
of classic oligodendroglioma and classic astrocytomas
may be present.

Anaplastic Mixed Oligoastrocytoma (WHO grade III):

Similar to anaplastic oligodendrogliomas, grade III MOAs

are hypercellular, have endothelial proliferation, and are

more mitotically active with a brisk Ki67 proliferation index

(Fig. 4.6d, e).

— The terms “grade IV MOA” or “GBM with oligodendro-
glial component” (preferred) may apply for cases with
severe atypia, prominent angulated cellular component,
and the additional finding of pseudopalisading necrosis.

4.5 IMMUNOHISTOCHEMISTRY

To date, there is unfortunately no immunohistochemical
marker that reliably distinguishes oligodendroglial from
astrocytic tumors.

— Similar to other neuroectodermally derived lesions, oli-
godendroglial tumors are positive for S100 protein.

— Whereas GFAP decorates minigemistocytes, gliofibril-
lary oligodendrocytes (Fig. 4.3c), and cells of the astro-
cytic component of MOAs, the “fried egg” cells are
typically not stained (Fig. 4.7).

— Vimentin may be positive, and pancytokeratin may show
focal false-positive staining due to cross-reactivity with
glial intermediate filaments (similar to observations in
astrocytic tumors). They are negative for epithelial
membrane antigen (EMA).

— They are positive for MAP2, Oligl, and Olig2, though all
of these may be expressed in other glial tumors

Synaptophysin may be positive in neuropil overrun by

tumor; however, the tumor cells themselves are typically not

positive (apart from few rare cases showing focal neural dif-
ferentiation with rosettes).

4.6 ELECTRON MICROSCOPY

Ultrastructural examination is often nonspecific, though
concentric arrays of membranes (membrane lamination or
whorls) may be encountered. Minigemistocytes contain
tight bundles of intermediate filaments in their cytoplasm.
Neural features have also been documented, including occa-
sional synapse-like structures and neurosecretory granules.

4.7 MOLECULAR PATHOLOGY

Unbalanced translocation of chromosomes 1 and 19 results
in the characteristic codeletion of 1p and 19q, a frequent
finding in oligodendrogliomas, anaplastic oligodendro-
gliomas, and a smaller subpopulation of MOAs in adults. In
pediatric oligodendroglial tumors, this is an uncommon
molecular finding, limited mainly to oligodendrogliomas
arising in children >10 years old.

Deletion of p16, an alteration also shared with adult oligoden-
droglial tumors, is similarly more frequent in older children.
Multiple studies have established 1p/19q deletion as a “molec-
ular signature” for classic oligodendroglioma morphology in
the adult population, and this association is similarly true in
pediatric oligodendroglial tumors, with deletions limited to
oligodendrogliomas and not detected in MOAs.

Also similar to adult oligodendroglial tumors, some tumors
arising in children may show overexpression of p53 by
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immunohistochemistry or deletion involving phosphatase
and tensin homolog (PTEN).

e Rare epidermal growth factor receptor (EGFR) amplifica-
tions may be encountered in high-grade examples.

4.8 DIFFERENTIAL DIAGNOSIS

e Pediatric oligodendroglial tumors are diagnostically more
problematic than their adult counterparts due to a number of
histologically similar tumors common to this age group.

o Differentiation from infiltrative astrocytomas requires care-
ful histologic inspection for classic oligodendroglial mor-
phologies, including minigemistocytes and gliofibrillary
oligodendrocytes.

e Clear cell ependymoma may closely mimic oligodendroglial
tumors, though the former will typically demonstrate, at least
focally, identifiable perivascular pseudorosettes, and should
have a dot-like positivity for EMA. Ultrastructural features of
ependymoma can also be confirmed, if necessary.

e Pilocytic astrocytomas may have areas resembling oligo-
dendroglioma, but should also contain more classic features
including biphasic architecture, Rosenthal fibers, and
eosinophilic granular bodies.

e Dysembryoplastic neuroepithelial tumor (DNT) typically
contains oligodendroglial-like cells and may even have
areas of classic oligodendroglioma in the context of a
“complex DNT.” It should also, however, contain the char-
acteristic “patterned mucin rich nodules” and specific gli-
oneuronal unit with “floating neurons” within pools of
mucin, all features that are lacking in oligodendrogliomas.
Radiographic features are likewise not overlapping, as
described elsewhere.

e Neurocytoma, be it central or otherwise, may simulate an
oligodendroglial tumor by virtue of round regular nuclei.
The diagnosis of the former is confirmed via identification
of diffuse cellular staining for neuronal markers, particu-
larly synaptophysin, or by ultrastructural means.

e Lastly, clear cell meningioma may enter the differential diag-
nosis; this dural-based tumor should be GFAP negative,
EMA positive, with PAS-positive glycogen-rich cytoplasm,
and often contains areas of more easily identifiable menin-
gioma morphology. Ultrastructural review will likewise dis-
close interdigitating cell membranes and junctions.

4.9 PROGNOSIS

In general, oligodendroglial tumors tend to be slower growing
and afford prolonged survival relative to their grade-matched

astrocytoma counterparts. Time to recurrence and malignant
progression are likewise prolonged in comparison.

e In series of pediatric oligodendroglial tumors, gross total
resection and low tumor grade have been shown to be
strongly associated with improved progression-free survival
(PES) and overall survival (OS).

e The presence of p53 overexpression as detected by immuno-
histochemistry and PTEN deletion both have been found sig-
nificantly associated with shorter OS in pediatric patients.

e Deletions of 1p/19q in pediatric oligodendroglial tumors,
unlike similar alterations in their adult counterparts, do not
afford a favorable outcome.

e Nevertheless, 5-year PFS and OS rates of 81 and 84%,
respectively, have been reported. Deep/central tumors
are an exception, fairing far worse (median survival less
than 2 years) than their cerebral-centered counterparts.
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Fig 4.1 (a) CT scan showing a right frontal oligodendroglioma that is hypodense and involves cortical grey and subcortical white matter.
Axial T1-w (b) and T2-w (¢) MR images of a left frontal oligodendroglioma with gyral expansion. The tumor is rather ill defined and
variably hypo- to isointense on T1, while it appears much more well delineated on T2. (Courtesy of Dr Murat Gokden, University of
Arkansas, Little Rock, AR, USA) Fig. 4.1d—f are from a child with oligodendroglioma of the left occipital lobe; note that the lesion is
hyperintense on both T2-w (d) and FLAIR (e), and is hypointense and without enhancement on this T1-w post contrast image (f).
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Fig 4.2 (a) Hematoxylin and eosin-stained cytologic smear preparation of oligodendroglioma showing a delicate capillary network, tumor cells
with round regular nuclei without accompanying fibrillary cell processes. (Courtesy of Dr Arie Perry, Washington University, St Louis, MO,
USA) (b) Minigemistocytes with their eccentric rounded cytoplasmic bellies and stubby processes are seen in occasional smears.

Fig 4.3 (a) The classical appearance of oligodendroglioma is that of a tumor composed of cells with monotonously round nuclei with surrounding
perinuclear halo/clear zone (“fried egg” appearance) and intervening delicate capillary network. Minigemistocytes with their small eosinophilic
cytoplasmic bellies (b) and gliofibrillary oligodendrodrocytes (¢) with their GFAP-positive perinuclear rim are other cell types that are seen in
oligodendroglial tumors and should not be equated with astrocytic differentiation (3¢ courtesy of Dr Arie Perry).
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Fig 4.4 (a) Low-power view of grade II oligodendroglioma with characteristic “fried egg” cells, delicate capillary network, and rare microcalci-

fication. (b) Microcystic areas are often present in oligodendroglial tumors. Secondary structures including perineuronal and perivascular satel-
litosis (¢) and subpial accumulation of tumor cells (d) are quite common in oligodendroglial tumors, confirming their infiltrative properties.

Fig 4.5 In anaplastic oligodendroglioma (WHO grade III), (a) perinuclear halos and delicate capillary network are often retained, though tumor
nuclei are often more atypical and less uniformly rounded than in grade II lesions. Microcalcifications may also be present. Frequent mitotic
figures (b) and vascular proliferation (c) are also often present in these high-grade tumors.
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Fig 4.6 (a and b) Mixed oligoastrocytomas are composed of an admixture of cells with oligodendroglial features (round regular nuclei +/— peri-
nuclear halo) and astrocytic features (oval to irregular-shaped hyperchromatic nuclei, sometimes with discernible fibrillary cytoplasm). Similar
to oligodendrogliomas, delicate branched capillaries may be present, as seen in 6a. (¢) Minigemistocytes with their eosinophilic cytoplasmic
“bellies” may represent the bulk of the oligodendroglial component as in this MOA, which additionally displays an unusual clustering of tumor
cells. Note the larger astrocytic nuclei, best seen toward the center of the field. Anaplastic MOAs are more hypercellular with numerous mitotic
figures (d and e). Though not illustrated here, vascular proliferation is often present.
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Fig 4.7 The round nuclei and perinuclear halos of cells with a classic

mingled GFAP-positive background glial processes and intratumoral

oligodendroglial morphology stand out as negative against the inter-
reactive astrocytes.
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5.1 OVERVIEW

A group of glial tumors exhibiting ependymal differentia-
tion including subependymoma (WHO grade I), myxopapil-
lary ependymoma (WHO grade I), ependymoma (WHO
grade II; variants including cellular, tanycytic, papillary, and
clear cell), and anaplastic ependymoma (WHO grade III).
Most are sporadic; ependymomas may be seen as part of
neurofibromatosis type 2, a hereditary cancer predisposition
syndrome with germline mutation of NF2/Merlin gene.
Recent evidence supports radial glia as the candidate cell of
origin for ependymomas; subependymomas appear to derive
from subependymal glial precursors.

5.2 CLINICAL FEATURES

Though much less common than infiltrative gliomas,
ependymomas are the most common tumor of the spinal
cord (particularly in adult patients), and the third most com-
mon pediatric central nervous system (CNS) tumor, repre-
senting up to 30% of intracranial tumors in those under 3
years old.
Infratentorial tumors have their peak age of occurrence in
the first decade, while spinal tumors tend to peak from age
30-40.
They have an equal gender distribution, though they are
nearly twice as frequent in Caucasians compared to African-
Americans.
Intracranial ependymomas typically result in blockage of
cerebrospinal fluid (CSF) pathways, causing signs and
symptoms related to hydrocephalus and increased intracra-
nial pressure.
Spinal ependymomas, including myxopapillary ependy-
moma, may cause back pain and motor and/or sensory defi-
cits, depending on their specific anatomic involvement.
Anaplastic ependymomas are far more frequent in the pedi-
atric age group, presenting as intracranial tumors, more fre-
quently supratentorial.
— Clinical signs and symptoms are similar to those for WHO
grade II ependymoma, albeit they tend to develop in an
accelerated fashion.
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Approximately 20% of myxopapillary ependymomas present
in children with a 2:1 male to female bias; in this age group
they exhibit a higher rate of dissemination through the CSF
pathways.

Subependymomas are often incidental autopsy findings in
the brains of older adults; they are symptomatic when they
obstruct CSF flow.

— They are quite rare in children.

5.3 NEUROIMAGING

The vast majority of pediatric ependymomas (90%) are
intracranial, favoring the fourth ventricle followed by
supratentorial locations;

— In adults the distribution is approximately 60% spi-
nal/40% intracranial, the latter mostly supratentorial.
Supratentorial tumors (including ependymomas and sub-
ependymomas) more frequently involve the lateral ventri-

cles compared to the third ventricle.

Uncommonly, they arise remote from the ventricles, espe-

cially in intraparenchymal supratentorial locations in

children.

Rare extraneural sites include the ovaries, mediastinum, and

sacrococcygeum.

They may arise at any spinal cord level, though certain his-

tologic subtypes have preferred locations:

— Tanycytic ependymoma — thoracic/cervico-thoracic cord

— Myxopapillary ependymomas — conus medullaris/filum

terminale/cauda equina region

— Subependymoma — cervical cord

Myxopapillary ependymomas are the most common intramed-

ullary neoplasm arising in the conus medullaris/cauda equina/

filum terminale region; infrequent sites of origin include other

cord levels, intracranial sites (both intraventricular and intra-

parenchymal), and subcutaneous sarcococcygeal areas.

MRI/CT imaging findings:

- Ependymomas and anaplastic ependymomas.
Spinal lesions typically involve several spinal seg-
ments and grow as centrally situated intramedullary
tumors, hyperintense on T2-weighted MR images,
with sharp tumor margins, and the majority with uni-
form contrast enhancement (Fig. 5.1a).

— Rostral and caudal cysts are common, being hypoin-

tense on T1 and hyperintense on T2-weighted
images.
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Intracranial tumors are also sharply demarcated, arising

within or near the ventricular system. They are at least

partially cystic, isointense on T1, iso- to hyperintense on

T2, and moderately hyperintense on fluid-attenuated

inversion recovery (FLAIR) MR imaging, with variable

enhancement post contrast (Fig. 5.1b—e).

—  Intratumoral hemorrhage and/or calcifications may
be seen.

—  Ventricular dilatation is frequently encountered.

—  Occasional tumors show infiltration of surrounding
parenchyma, making differentiation from other
gliomas difficult.

Myxopapillary ependymomas are characteristically well

circumscribed, hyperintense on both T1 and T2 weighted

MR imaging (Fig. 5.2a and b) (unlike conventional

ependymomas which are typically hypointense on T1),

and brightly enhance post contrast.

— Cystic change (particularly in intracranial exam-
ples) or hemorrhage may be encountered.

Subependymomas are sharply demarcated nodular lesions

bulging into ventricles or arising eccentrically within the

spinal cord.

— They show variable signal characteristics on MR
and CT imaging.

— Uncommonly enhance, and may contain foci of cal-
cium or hemorrhage (Fig. 5.2c).

Patterns of metastasis:

Ependymomas (grades II and III) as well as myxopapil-
lary ependymomas (grade I) have been reported to metas-
tasize via subarachnoid spread to seed other spinal and
intracranial locations.

5.4 PATHOLOGY

Gross pathology:

Classic ependymomas are soft tan to grey masses with
well-defined boarders. They may be partially cystic and/or
contain areas of hemorrhage, necrosis, or calcification.
Anaplastic examples may show evidence of frank paren-
chymal invasion.

Myxopapillary ependymomas are lobulated, soft, grey to
tan, and often encapsulated.

Subependymomas are firm multilobulated/nodular intra-
ventricular masses; spinal examples nearly always show
an eccentric location.

Intraoperative cytologic imprints/smears:

Smear preparations of ependymomas contain cohesive
clusters of cells with variable cytomorphology, ranging
from epithelial-like to bipolar fibrillated cells.

— Nuclei tend to be bland and round to oval.

—  Perivascular pseudorosettes may be seen (Fig. 5.3a and b).

Cytology preparations from the following subtypes may

be particularly problematic:

— Tanycytic — contain long processes and oval to spin-
dle-shaped nuclei; perivascular pseudorosettes are
uncommon, and the smear preparation findings may
closely resemble pilocytic astrocytoma.

— Papillary — often have a more epithelial consistency
and may closely mimic choroid plexus tumors or
metastatic carcinomas.

Myxopapillary ependymoma — papillary structures
with perivascular radially — arranged cells with deli-
cate glial processes within abundant myxoid material
(Fig. 5.3¢).

Subependymomas — bland nuclei in a fibrillary back-
ground, sometimes with discernable microcysts.

Histology
Ependymoma (WHO grade 11):

Ependymomas classically present as well-demarcated
moderately cellular tumors with bland round to oval
nuclei with fine chromatin pattern.

Key architectural features (Fig. 5.4a):

— Perivascular pseudorosettes (anuclear zones
formed by the elongated glial-like processes of
tumor cells in their radial arrangement around
blood vessels): seen in majority of cases (Fig. 5.4b).
These may be poorly formed in hypocellular areas
(Fig. 5.4c¢).

— True ependymal rosettes and canals (cuboidal to
columnal epithelial-like tumor cells surrounding a
true central lumen): seen in the minority of cases
(Fig. 5.44).

—  Conversely, ependymal-type lining seen at the periph-
ery of tissue fragments from an ependymoma sam-
pling is not particularly uncommon, and is a helpful
diagnostic aid (Fig. 5.4e).

— On occasion, epithelial-type elements predominate,
imparting a “tubular adenoma-like” (Fig. 5.4f) or
organoid appearance (Fig. 5.4g).

Mitotic figures are uncommon; foci of necrosis are not

infrequent, though pseudopalisading necrosis and

endothelial proliferation are absent.

— Degenerative changes are common and include myx-
oid degeneration, vascular hyalinization, hemorrhage,
and calcification (Fig. 5.4g).

Cartilage, bone, lipomatous elements, neuropil-like

islands, and cells with melanin, signet ring (Fig. 5.4h) or

giant cell morphology, or eosinophilic intracytoplasmic
inclusions have all been described.

Well-characterized  histopathologic

ependymoma include the following:

Cellular ependymomas — variant with notable hypercel-

lularity yet lacking an elevated mitotic rate, vascular

endothelial proliferation, or pseudopalisading necrosis.

Perivascular pseudorosettes may be inconspicuous, and

true rosettes and canals are generally lacking (Fig. 5.5a).

Tanycytic ependymoma — typified by elongated, often thin,

eosinophilic cell processes and inconspicuous perivascular

pseudorosettes within an otherwise fascicular architecture;
true ependymal rosettes are not seen. Nuclear pleomor-
phism may be prominent in some cases (Fig. 5.5b,c).

Papillary ependymomas — rare subtype in which single or

multiple layers of cuboidal to columnar cells rest upon

central finger-like projections of fibrillary glial material

“stroma”; fibrovascular cores are not a feature, and the

epithelial-like surfaces tend to be smooth in contour

(Fig. 5.5d).

Clear cell ependymomas — contain sheets of cells with

rounded nuclei and abundant surrounding clear cyto-

plasm; perivascular pseudorosettes are invariably present,

variants of
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though true rosettes are absent. Branching thin-walled

vessels may be present, and many cases show anaplastic

features (including endothelial proliferation, hypercellu-
larity, and frequent mitoses), necessitating a grade III des-
ignation (Fig. 5.5e,f).

— Both clear cell and papillary areas may be intermixed
components with otherwise typical, cellular, or anaplastic
ependymoma

Myxopapzllary ependymoma (WHO grade I):
Characteristically shows a papillary architecture with
cuboidal to elongated glial cells radially arranged around
Alcian blue-positive myxoid stroma with central vascular
structure. Occasional examples harbor more epithelioid-
appearing cells (Fig. 5.6a—).

— Some lesions are not particularly papillary at all, instead
taking on a reticular or microcystic pattern with inter-
mixed mucin-rich microcysts and occasional perivascular
pseudorosettes (Fig. 5.6d,e).

— Collagen balls/balloons may be seen in some cases
(Fig. 5.6f); these may be highlighted by trichrome or peri-
odic acid Schiff’s (PAS) stains.

— Mitotic rate is low, and necrosis and endothelial/vascular
proliferation are usually absent.

— Degenerative changes, including vascular hyalinization or
fibrosis, are occasionally prominent (Fig. 5.6g,h).

— Rare anaplastic and giant cell variants have been described
as case reports.

Subependymoma (WHO grade 1):

— Often having a nodular appearance at low power
(Fig. 5.7a), subependymomas are composed of hypocel-
lular collections of monotonously bland cells with round
to oval nuclei set within a delicate glial matrix; cells have
a tendency to cluster, and microcysts are commonly
encountered (Fig. 5.7b—d).

— Perivascular pseudorosettes are quite uncommon, and
true rosettes are not encountered.

— Hemorrhage and/or hemosiderin-laden macrophages, cal-
cification (Fig. 5.7a), sclerotic vessels, and focal nuclear
pleomorphism have all been described.

— Approximately 20% of subependymomas will harbor
areas of classic or even anaplastic ependymoma; in these
instances, the lesions should be graded according to the
highest grade component.

Anaplastic ependymoma (WHO grade I11):

— Grading of ependymomas has historically been a conten-
tious issue. Studies aimed at identifying histolopathologic
parameters that can distinguish different prognostic
groups of ependymomas found that ependymomas har-
boring at least two or more of the following features were
strongly correlative of shortened event-free survival and
were indicative of a WHO grade III designation:

— Elevated/brisk mitotic index (>5 per 10 high-power
fields — should be seen throughout the tumor, not just
focally) (Fig. 5.8a);

— Hypercellularity with nuclear hyperchromasia and/or
pleomorphism with marked atypia (Fig. 5.8b,c);

— Endothelial proliferation;

— Palisading necrosis (Fig. 5.8d).

— They retain many features of conventional ependymoma,
including perivascular pseudorosettes which may contain
normal vessels or proliferating vasculature (Fig. 5.8e).

— Unfortunately, there exists a subset of ependymomas con-
taining only small areas of “focal anaplasia,” the signifi-
cance of which is unclear though may suggest a more
aggressive biologic potential than that of WHO grade 11
ependymoma (Fig. 5.8f).

5.5 IMMUNOHISTOCHEMISTRY

Ependymomas/anaplastic ependymomas are positive for S100,
GFAP (Fig. 5.9a), and vimentin. Epithelial membrane antigen
(EMA) often shows a characteristic punctuate, dot-like posi-
tivity (Fig. 5.9b); though more specific, ring-like EMA stain-
ing is less frequently encountered. CD99 is frequently positive,
with varying membranous or dot-like staining. Stains for neu-
ral markers are generally negative except for NeuN which may
show nuclear positivity in some anaplastic ependymomas.
Myxopapillary ependymomas are positive for GFAP, S100,
vimentin, and CD99. Occasional examples are immunopo-
sitive for p53. They are negative for cytokeratin and have a
low Ki67 labeling index. Unlike other ependymomas, these
are EMA negative.

Subependymomas are positive for GFAP (Fig. 5.9c)
and S100; they are also often weakly positive for low-
specificity neuronal markers such as neural cell adhesion
molecule (NCAM) and neuron-specific enolase (NSE).
Ki67 labeling index is lower than all other types of
ependymoma.

Mib-1/Ki67 may be helpful in confirming brisk prolifera-
tion in areas of anaplasia, including examples of focal ana-
plasia (Fig. 5.9d).

5.6 ELECTRON MICROSCOPY (EM)

Ependymomas and anaplastic ependymomas, including all
of the listed variants above, share similar ultrastructural
characteristics of ependymal differentiation, including intra-
cellular intermediate filaments and intercellular junctional
complexes including desmosomes, occasional cilia, and
microvilli, the latter present both on cell surface and within
microlumina (Fig. 5.10).

Myxopapillary ependymomas, apart from features typical for
ependymal differentiation (intermediate filaments, microvilli,
cilia), exhibit interdigitating cell processes and microtubular
aggregates bound by rough endoplasmic reticulum.
Subependymomas show ultrastructural features typically
associated with ependymal differentiation, including interme-
diate filaments, lumen-like structures, microvilli, and cilia.

5.7 MOLECULAR PATHOLOGY

Comparative genomic hybridization (CGH) analyses have
documented losses involving chromosomes 6q, 17p, and
22 and gains of 1q, 7q, and 9p as the more frequent altera-
tions in pediatric intracranial ependymomas. Of interest,
gain of 1q has been shown to be correlative with increased
recurrence and shortened survival in several studies.

Loss of chromosome 22q is frequently observed in adult
ependymomas and is strongly associated with a spinal location.
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Many of these spinal tumors harbor concomitant NF2 mutation;
this is not the case for intracranial ependymomas with 22q deletions.
Loss of 4.1B (formerly DAL-1; 18p11.3), a related structurally
homologous Protein 4.1 family member, is more frequent in
intracranial ependymomas. Losses of 4./B and related 4./R
(1p32-33) are more frequent in pediatric, intracranial, and/or
WHO grade III tumor subsets, and deletion of 4.1G (6q23) may
portend a propensity for aggressive biologic behavior.

ErbB2 and ErbB4 coexpression is quite frequent in pediatric
ependymomas, and one investigation found strong positive
correlation between elevated ErbB2/4 coexpression levels
and high Ki67 proliferation index, as well as a clear trend
towards worse clinical outcome.

Clear cell ependymomas lack deletions of 1p, 19q, and NF2;
one study indicated frequent loss of chromosome 18.
Systematic molecular characterization of subependymomas
and myxopapillary ependymomas has not been undertaken.

5.8 DIFFERENTIAL DIAGNOSIS

Ependymomas in general may be differentiated from infil-
trative gliomas by virtue of their generally solid growth pat-
tern, lacking significant intratumoral neurofilament-positive
processes.

Highly cellular anaplastic ependymomas may resemble
ependymoblastomas and other primitive neuroectodermal
tumors (PNETs), though the former will be more diffusely
positive for GFAP and will lack ependymoblastic rosettes and
neuronal-type markers by immunohistochemistry (IHC).
Ependymomas, especially the tanycytic variant, may closely
resemble astrocytoma (particularly pilocytic astrocytoma),
schwannoma, or meningioma. Ependymomas in general
lack Rosenthal fibers and eosinophilic granular bodies of
pilocytic astrocytomas, and are positive for GFAP unlike
schwannomas and meningiomas. In some cases, however,
definitive diagnosis relies heavily on ultrastructural findings
of ependymal differentiation.

Clear cell ependymoma needs to be differentiated from
other primary CNS lesions containing clear cells (oligoden-
droglioma, neurocytoma, and hemangioblastoma) and met-
astatic clear cell carcinomas. Identification of perivascular
pseudorosettes is the first clue to the diagnosis of clear cell
ependymoma; immunohistochemistry (especially dot-like
positivity for EMA), EM features of ependymal differentia-
tion, and molecular findings (lack of 1p/19q deletion and —
C18) help confirm the diagnosis.

Papillary ependymoma may be confused with choroid
plexus tumors, papillary meningiomas, or metastatic carci-
nomas. Strong positivity for GFAP and lack of diffuse
cytokeratin staining are characteristic of the former, and EM
confirmation is usually not necessary.

Myxopapillary ependymoma may be differentiated from
potential diagnostic mimics such as chordoma, renal cell
carcinoma, myxoid chondrosarcoma and other myxoid soft
tissue lesions, and paraganglioma by virtue of its immuno-
histochemical pattern (positive for vimentin, S100, GFAP;

cytokeratin negative) and characteristic ultrastructural find-
ing of microtubular aggregates.

Subependymomas may mimic other hypocellular glial
tumors, including low-grade astrocytoma or pilocytic astro-
cytoma. Identification of a lobular architecture, cell cluster-
ing, microcysts, and lack of Rosenthal fibers or eosinophilic
granular bodies is helpful is separating the former from
these potential diagnostic pitfalls.

5.9 PROGNOSIS

In general, children with ependymomas tend to fare far

worse than their adult counterparts, due in part to the much

higher incidence of intracranial/posterior fossa location and
higher grade tumors arising in the pediatric age group.

— Those affected during the first few years of life have par-
ticularly poor outcomes, especially given the difficulty in
administering radiotherapy to these immature brains due
to related morbidities.

— Chemotherapy has been shown to be beneficial in these
instances.

Extent of tumor excision has consistently been shown as an

important variable predictive of outcome.

— In most instances, first recurrence is at the site of tumor
resection bed, and recent evidence indicates that demon-
stration of tumor microinvasion on the original resection
specimen correlates with poor overall and progression-
free survival.

Though most studies have found histologic grading (grade

II vs. grade III) to be significantly predictive of overall and/

or recurrence-free survival, a few observers have shown

otherwise.

— Specific diagnostic criteria for grade III designation have
been proposed as outlined above, providing excellent
prognostic correlation in those studies.

Elevated Ki67 proliferation index correlates well with grade

IIT status and with more aggressive biologic behavior.

Clear cell ependymomas appear to constitute a more aggres-

sive phenotype, often representing grade III tumors.

— Local recurrence is quite common, and these tumors may
infrequently show transdural invasion into venous sinuses
or extracranial metastasis into soft tissue and lymph
nodes.

Myxopapillary ependymomas are generally slow growing

tumors with a favorable 10-year overall survival rate

(approximating 95%).

— Despite their WHO grade I designation, up to 45% of
patients may experience local recurrence, irrespective of
adequate excision. Patients who succumb to their disease
typically do so following a protracted course with multi-
ple recurrences.

— Tumor encapsulation (enabling gross excision) portends a
lower rate of recurrence as compared to those tumors
removed piecemeal/subtotally.

— Adjuvant radiation therapy has been shown to aid in
reducing the recurrence rate.

— Neuroaxis metastasis, though uncommon overall, are
more frequent in pediatric patients, thus emphasizing the
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importance of complete neuroaxis screening both at the
time of diagnosis and during follow-up.

e Subependymomas are benign neoplasms that grow slowly, a
significant proportion remaining clinically silent through
life, to be detected only incidentally at autopsy.

— Surgical removal is usually curative; incomplete excision
has been associated with rare recurrences.

— In contradistinction, mixed lesions with subependymoma
and ependymoma components exhibit biologic behavior
akin to the higher grade component present in these tumors.
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Fig. 5.1. (a) Sagittal TI-w post-Gd imaging of a well-demarcated spinal ependymoma with characteristic homogeneous post-contrast enhance-
ment (Courtesy of Dr Murat Gokden, University of Arkansas, Little Rock, AK, USA). (b) Axial MR images of a fourth ventricular ependymoma
show a predominantly solid, well-demarcated tumor that has heterogeneous signal characteristics, being iso- to hyperintense on T2-w and (c)
hyperintense on FLAIR. (d) Sagittal and (e) axial T1-w post-Gd imaging shows this same lesion to be isointense with variable contrast enhance-
ment. Hydrocephalus is prominent in this example.
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Fig. 5.2. Sagittal T1-w (a) and T2-w (b) images of a myxopapillary ependymoma showing a hyperintense lesion on both studies. (c¢)
Subependymomas tend to be nodular, circumscribed intraventricular lesions, this example being isointense on coronal T1-w MR imaging.

Fig. 5.3. (a and b) Cytologic preparations of ependymoma often show three-dimensional clusters of cells with elongated fibrillar glial processes;
perivascular pseudorosettes may or may not be obvious. (¢) Squash preparations of myxopapillary ependymoma are notable for papillary struc-
tures with perivascular radially arranged cell processes and abundant myxoid material.
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Fig. 5.4. (a) Conventional ependymomas exhibit a solid growth pattern with circumscription from surrounding parenchyma. (b) Perivascular
pseudorosettes are a nearly universal finding, (¢) though may be inconspicuous in hypocellular areas. (d) Ependymal canals and true rosettes are
seen less frequently. (e) Identifying ependymal-type lining at the periphery of individual biopsy/resection tissue fragments is a helpful and not
infrequent diagnostic finding indicative of ependymal neoplasm; this may be encountered even in the absence of canals or ependymal rosettes
elsewhere in the sample. (f) Rarely, epithelial-type differentiation may predominate as in these “tubular adenoma-like” and (g) examples of
organoid growth pattern. (h) Signet ring-like cells are an uncommon finding.
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Fig. 5.5. (a) Cellular ependymomas are quite hypercellular, though they lack other histologic features of anaplastic ependymomas, including
endothelial proliferation and increased mitoses. (b) The fascicular architecture of the tanycytic ependymoma renders perivascular pseudorosettes
inconspicuous; (¢) striking nuclear pleomorphism may be encountered in some cases. (d) Papillary ependymomas exhibit multiple (or single)
layers of bland neoplastic ependymal cells resting upon papillary finger-like projections of fibrillary glial processes with central blood vessels.
(e) Perivascular pseudorosettes are a helpful feature in differentiating clear cell ependymoma from other lesions with clear cell morphology.
(f) Many clear cell ependymomas display high-grade features including endothelial proliferation.
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Fig. 5.6. (a—c) Myxopapillary ependymomas, similar to other ependymal tumors, contain ependymal cells with variable epithelial (a) to glial
morphology with elongated eosinophilic processes (b,c); in this context, however, the perivascular pseudorosettes take the form of myxoid
stroma-rich papillary structures. This papillary architecture may be inconspicuous in some cases, replaced instead by a more solid (c), reticular
(d), or microcystic (e) pattern, again with characteristic myxoid material and scattered perivascular pseudorosettes. (f) Collagen “balloons”
(arrow) and tumoral or vascular hyalinization (g,h) may be encountered.
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Fig. 5.7. (a) Subependymomas tend to be nodular on low-power microscopy and may show calcification; (b) they are hypocellular lesions con-
taining abundant glial matrix interspersed with monotonously bland cells with rounded to oval nuclei. (¢) Tumor cells have a tendency to cluster,
and (d) microcysts are not infrequent.
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Fig. 5.8 (a) Anaplastic ependymomas are notably hypercellular, with elevated mitotic activity with (b) moderate to (¢) significant nuclear pleo-
morphism. Extensive necrosis is common, often showing surrounding pseudopalisading of tumor cells (d). (e) Endothelial proliferation often
residing within perivascular pseudorosettes is another typical feature; (f) Discrete foci of “focal anaplasia,” replete with any or all of the features
noted above, may be encountered in otherwise lower grade ependymoma variants, the significance of which is yet unclear.
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Fig. 5.9. Junctional complexes and microlumina bearing numerous microvilli are ultrastructural features indicative of ependymal differentiation.

Fig. 5.10. Immunohistochemical stain for (a) GFAP highlights the elongated fine perivascular processes in ependymomas, where as (b) EMA
staining tends to present in a punctate dot-like pattern. Subependymomas are similarly diffusely positive for (¢) GFAP. (d) Ki67 labeling is mark-
edly elevated within this focus of focal anaplasia.



Section B: Embryonal Neuroepithelial Tumors

Adekunle M. Adesina

Abstract Embryonal neuroepithelial tumors represent a significant group of pediatric brain
tumors. They are characterized by “small blue cells” and exhibit a distinct pattern of divergent
differentiation. Medulloepithelioma and supratentorial central nervous system primitive neuroec-
todermal tumors (PNETS) are presented together in the same chapter. Medulloblastoma represents
a subset of “small blue cell” tumors that occur specifically in the cerebellum. These tumors
are presented in a separate chapter followed by atypical teratoid rhabdoid tumors that are also
presented in a separate chapter.
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Neuroectodermal Tumors and Medulloepithelioma
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6.1 OVERVIEW

e Embryonal tumors at extracerebellar sites are composed of
undifferentiated neuroepithelial cells with capacity for
divergent differentiation, including neuronal, astrocytic,
myoid, or melanocytic differentiation.

e Tumors may recapitulate the primitive neural tube (medulloep-
ithelioma) or have ependymoblastomatous rosettes (ependymo-
blastoma) or have extensive neuronal differentiation (cerebral
neuroblastoma) with ganglion cells (ganglioneuroblastoma).

6.2 CLINICAL FEATURES

e Most patients are below the age of 20 years, with only a
minority occurring above this age.

e Medulloepitheliomas are often seen in children less than
2 years old and may rarely be congenital.
Incidence is equal between males and females.
Clinical presentation depends on location and correspond-
ing localizing symptoms and signs, as well as the presence
of raised intracranial pressure.

e May include headache, seizures, and progressive deteriora-
tion in level of consciousness.

e Localizing signs related to functional regions include motor
weakness, hemiplegia, etc.

e Ependymoblastomas tend to occur in younger children and
neonates.

6.3 NEUROIMAGING

e Typically presents as a cerebral hemispheric mass lesion.
Brainstem, and spinal cord locations are less frequent.

e Characteristically, MRI shows a predominantly solid mass,
hypo-intense or iso-intense with gray matter and moderate
diffuse non-homogenous enhancement (Figs. 6.1 and 6.2),
sometimes with a cystic and necrotic component (Fig. 6.3).

e Dense cellularity is often seen as restricted diffusion on
ADC map (Fig. 6.2b).

Intratumoral hemorrhage may occur.

MR spectroscopy shows marked elevation of choline with
little, if any, NAA peak (Fig. 6.4).

Calcification may be appreciated on CT scans.

Diffuse leptomeningeal enhancement and thecal sac
drop metastases, when present, are consistent with CSF
dissemination.
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e Extra-CNS metastases to other organs, including the liver,
bone, and cervical lymph nodes, may occur and may raise a
diagnostic dilemma regarding whether the CNS tumor is
primary or secondary.

e Presurgical MR angiography may show large feeding ves-
sels that may require presurgical embolization.

e Periventricular and sacrococcygeal localization may be seen
in ependymoblastomas.

6.4 PATHOLOGY
6.4.1 Gross

e Gross specimens from CNS PNETs vary from fragmented
soft pink hemorrhagic tissue to large pieces of well-demar-
cated masses. Leptomeningeal invasion may induce desmo-
plasia and a slightly firm consistency.

e Grossly, medulloepithelioma is similar to other embryonal
tumors of the CNS.

— Whereas most PNETs have poorly-defined margins,
medulloepitheliomas  sometimes appear to be
circumscribed.

6.4.2 Intraoperative Smears

e Characteristically, smears show diffuse sheets of relatively
monotonous population of poorly differentiated “small blue
cells” with hyperchromatic nuclei, micronucleoli and little
amount of cytoplasm (Fig. 6.5).

Rare Homer—Wright type rosettes may be seen.

Anaplasia is demonstrated by varying degrees of nuclear
pleomorphism, more prominent nucleoli, cell wrapping and
frequent apoptosis.

6.4.3 Histology

e PNETs are typically composed of sheets of poorly differen-
tiated small round blue cells with high nucleocytoplasmic
ratio (Fig. 6.6).

e Neuroblastic differentiation with Homer—Wright rosettes is
common. Flexner—Wintersteiner rosettes are rare and their
presence is more frequent in PNETS originating in the pineal
gland (pineoblastoma) (Fig. 6.7).

e Neuronal differentiation with a fibrillary neuropil stroma
(Fig. 6.8) is associated with nuclear streaming (cerebral
neuroblastoma) and ganglionic differentiation (ganglioneu-
roblastoma) (Fig. 6.9).

e Astrocytic differentiation may be focal, regional, or
diffuse.
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Stromal fibrosis is common.

Arrangement of cells in palisades mimicking polar spongio-

blastoma may be seen (Fig. 6.10a).

Presence of stratified or multilayered rosettes with true

lumina (Fig. 6.10b) (ependymoblastomatous rosettes)

defines the ependymoblastoma.

“Embryonal tumor with abundant neuropil and true rosettes”

represents a variant closely resembling ependymoblastoma

by its multilayered rosettes and also has unusually abundant
differentiating neuropil within which isolated rosettes are

seen (Fig. 6.11).

Recapitulation of the features of the embryonic neural

tube with the presence of a papillary, tubular or trabecular

arrangement of neuroepithelial cells to form primitive
neural tube-like structures along with sheets of undiffer-
entiated neuroepithelial cells defines the medulloepithe-

lioma (Fig. 6.12).

— These primitive neural tube-like structures are distin-
guished from ependymoblastomatous rosettes by the pres-
ence of external and internal limiting membranes and have
multilayered and pseudostratified cell layers. The external
limiting membrane can be demonstrated by PAS stain or
immunostain for collagen type IV (Fig. 6.13).

— Tiny blebs may protrude along the inner surface of the
cells, but cilia and blepharoplasts are absent.

— Miitotic figures are typically found near the luminal margin.

— Tubular structures may predominate or may be associated
with fields of primitive neuroepithelial cells, which some-
times demonstrate differentiation along glial, neuronal, or
ependymal lines.

— Mesenchymal differentiation, including bone, cartilage
and striated muscle may be present.

— Melanin-bearing cells are also encountered occasionally.

— Although the neoplastic cells generally exhibit an orderly
appearance, they have the capacity to develop bizarre,
anaplastic features (Fig. 6.14a—d).

— Ependymoblastomatous rosettes are often present in
medulloepitheliomas as well.

— Divergent differentiation, including neuronal and glial,
may be seen in association with the earlier described mes-
enchymal differentiation.

6.5 IMMUNOHISTOCHEMISTRY

PNETs like medulloblastoma show immunoreactivity for
neuronal markers, including synaptophysin, neurofilament
protein (Fig. 6.15a and b), and class III 3 tubulin.
Glial differentiation is associated with GFAP expression and
must be distinguished from reactive astrocytes (Fig. 6.15¢).
Proliferation index with MIB1 or PCNA (Fig. 6.15d) immu-
nolabelling is high, often ranging between 20% and 80% in
all PNETs.
Expression of cytokeratin and EMA may be seen in
medulloepithelioma and ependymoblastoma.
Immunopositivity for retinal S antigen may be rarely seen in
pineoblastoma.
In medulloepithelioma, cells forming the tubules express
nestin, vimentin (Fig. 6.15¢e), microtubule-associated pro-
tein type 5, fibroblast growth factor and insulin-like growth
factor 1 (IGF-1).
— Expression of GFAP, NFP, and synaptophysin in
intervening regions reflect the spectrum of differentia-

tion that is present in the tumor, although tubular
epithelium may occasionally express NFP (Fig. 6.15b).

— Rarely, in addition to the presence of intracytoplasmic
melanin pigments, melanocytic differentiation is demon-
strable with the Masson’s Fontana stain and/or by immu-
nopositivity for the HMB45 antibody.

— Ki-67 shows a very high proliferation index often in the
50-80% range with robust proliferative activity in the
tubular structures of medulloepithelioma.

6.6 ELECTRON MICROSCOPY

Neuronal differentiation is evidenced by the demonstration
of cellular processes with microtubules, cytoplasmic dense
core neurosecretory granules and synaptic type junctions.
Intermediate filaments may be seen.

In medulloepithelioma, the tubules are characterized by

extensive zonulae adherentes similar to those found in the

ependymal tumors, ATRTs and other epithelial tissues.

— A distinct sometimes folded basal lamina is located on the
outer surface of the epithelial cells.

— Poorly differentiated cells with minimal cytoplasmic organ-
elles or cells exhibiting characteristic features of glial cells
containing intermediate filaments and/or neuronal cells with
dense core neurosecretory vesicles may also be identified.

— Ependymoblastomas may show rudimentary cilia and
basal bodies.

6.7 MOLECULAR PATHOLOGY

Although supratentorial PNETs share histologic features
with cerebellar medulloblastoma, isochromosome 17q (a
common event in medulloblastoma) is very rare in PNETSs in
general, although chromosome 17 alterations have been doc-
umented in some embryonal tumors with abundant neuropil
and true rosettes.

— No consistent pattern of genetic events has been reported.

6.8 DIFFERENTIAL DIAGNOSIS

Ependymoblastomas are distinguished from anaplastic

ependymomas by the presence of ependymoblastic rosettes.

— Ependymal perivascular pseudorosettes show GFAP pos-
itivity in the acellular perivascular region of these pseu-
dorosettes, while ependymal cells are positive for EMA.

— Ependymoblastomas may show neuroepithelial compo-
nents with immunoreactivity for neurofilament proteins.

Medulloepitheliomas may be confused with immature

teratoma, choroid plexus carcinoma or most frequently,

primitive neuroectodermal tumor showing ependymal
differentiation (ependymoblastoma).

— Although medulloepitheliomas may have ependymo-
blastomatous-type rosettes (as seen in ependymoblas-
toma) they often show the presence of primitive neural
tube-like structures with demonstrable external basal
lamina by PAS or immunostain for collagen type I'V.

— The presence of trabecular, canalicular, and papillary con-
figuration should elicit a search for characteristic neural
tube-like structures.

Immature teratoma may contain fields of tubular or canali-

cular structures.
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— Presence of disparate tissue components, such as bone,
cartilage, muscle, glands, etc., allows recognition as a
teratoma (Fig. 6.16a—f).

— Choroid plexus carcinoma is primarily an epithelial tumor
that simply expresses epithelial antigens without a neural
or glial component.

6.9 PROGNOSIS

e PNETs are high grade (WHO grade IV) tumors with high recur-
rence even after gross total resection and high potential for lep-
tomeningeal extension and cerebrospinal fluid dissemination.

e Survival is poor and often less than 12 months for
ependymoblastoma.

e PNETs with florid neuronal differentiation (cerebral neuro-
blastoma and ganglioneuroblastoma) are associated with bet-
ter survival and up to 30% have chances of a 5 -year survival.
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Fig. 6.1. (a) Axial T1-w and (b) axial T2-w post Gd images of a 17-month-old male with a large poorly enhancing predominantly iso-intense
lesion in the left subcortical region causing mass effect and midline shift with ipsilateral hydrocephalus proven to be a supratentorial PNET.

Fig. 6.2. (a) Axial FLAIR and (b) diffusion-weighted imaging demonstrating diffuse enhancement of the tumor and restricted diffusion abnor-
mality on apparent diffusion coefficient (ADC) map.
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Fig. 6.3. (a) Axial FLAIR and (b) axial T1-w post gadolinium images demonstrating a contrast enhancing right parietal lobe supratentorial PNET
with solid and cystic components.
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Fig. 6.4. (a) MR spectroscopy demonstrating elevation of the choline peak and a reduced NAA peak. The relative mildness of the elevation of
the choline:NAA ratio first raised a differential diagnosis of a low-grade glial tumor. However, restricted diffusion on the ADC maps as in (b)
suggested a cellular, more aggressive lesion, which was confirmed at histology to be a supratentorial PNET.
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Fig. 6.5. Cytologic smear preparation showing a population of “small  Fig. 6.7. Sheets of anaplastic tumor cells surrounding a centrally placed
blue” cells with little or no cytoplasm, some nuclear pleomorphism, Flexner-Wintersteiner rosette.

slightly vesicular nuclei with micronucleoli, occasional cell wrapping

and few apoptotic bodies.

Fig. 6.6. Histologic section showing sheets of anaplastic “blue” cells  Fig. 6.8. Differentiating neuropil in a ganglioneuroblastoma.
with no demonstrable differentiation.
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Fig. 6.9. Florid ganglionic differentiation in the same tumor illustrated
in Figure 6.8.

Fig. 6.10. (a) Rhythmic nuclear pallisades often referred to as a spongioblastomatous pattern. (b) Ependymoblastomatous canal/rosette showing
resemblance to the primitive tubules seen in medulloepithelioma. Note the lack of an external limiting membrane, which is an important distin-
guishing feature. Mitotic figures are seen at the luminal border.
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Fig. 6.11. Isolated ependymoblastic rosettes in an “embryonal tumor
with abundant neuropil and true rosettes”.

Fig. 6.12. Histology of a medulloepithelioma showing tubules of vari-
able sizes and intervening primitive neuroepithelial cells.

Fig. 6.13. Medulloepithelioma-type primitive tubule showing internal
and external limiting membranes.
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Fig. 6.14. Medulloepithelioma displaying variable histologic features and increasing anaplasia: (a) Region of tumor consisting of tubules. (b)
Region of tumor composed of less well-differentiated tubules. (¢) Tubules showing well-defined external limiting membranes. (d) Tubule
composed of bizarre, anaplastic cells.
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Fig. 6.15. Immunohistochemical analysis of medulloepithelioma showing: (a) NFP expression in differentiated region of medulloepithelioma.
(b) NFP expression in a tubule-like structure. (¢) GFAP expression in a differentiated region of medulloepithelioma. Some of the positive cells
have features of reactive astrocytes. (d) Exuberant proliferative activity in tubules by PCNA immunohistochemistry. (e) Vimentin expression in
tubules.
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Fig. 6.16. Teratoma in parietal lobe of 3-month-old infant. (a) Neural tube-like structure. (b) Ependymomatous rosette/canal. (¢) Vimentin
expression in tubular structure. (d) Ki67 expression in tubular structures. (e) Region composed of primitive neuroepithelial cells in a background
of differentiating neuropil. (f) Region of tumor containing cartilage, glandular epithelium, and primitive neural tissue.
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7.1 OVERVIEW

An invasive, high-grade (WHO grade IV) embryonal tumor
defined both by histologic grade and location in the
cerebellum.

Even though this tumor shares histologic features with other
central nervous system (CNS) primitive neuroectodermal
tumors, it has been historically regarded as a distinct entity.
Recent molecular studies including genomic and gene
expression profiling, as well as signaling pathway dysregu-
lation and biologic studies, have now justified its historic
clinical definition as a distinct clinicopathologic entity with
predominant occurrence in children.

Most are sporadic.

Less frequent occurrence in the setting of hereditary syn-
dromes including Turcot’s syndrome with germline muta-
tion of the adenomatous polyposis coli (APC) gene and
Gorlin’s syndrome, the nevoid basal cell carcinoma syn-
drome with germ line mutation of the PTCH gene is seen in
less than 2% of medulloblastomas.

7.2 CLINICAL FEATURES

Accounts for 20% of malignant CNS tumors in childhood
and is the second most common malignancy in childhood.
Most tumors occur in children below the age of 20 with a
peak between 5 and 8 years of age. A second but smaller
peak is seen between 35 and 40 years. Rarely, it may be
congenital.

Patients present with symptoms and signs of cerebellar dys-
function including truncal and appendicular ataxia and
raised intracranial pressure due to obstruction of the fourth
ventricle and cerebrospinal fluid (CSF) flow with headache,
vomiting, and progressive lethargy.

7.3 NEUROIMAGING

Early onset of calcification of the falx cerebri, tentorium
cerebelli, dura with bridging of the sella turcica due to calci-
fication of the diaphragma sellae is seen with CT scans in
60-80% of patients with Gorlin’s syndrome (Fig. 7.1).
Typically it presents as midline vermian mass lesions in
children or lateral cerebellar hemispheric tumors in adults.
Characteristically, MRI shows a predominantly solid mass,
hypointense or isointense with gray matter, with moderate
diffuse nonhomogenous enhancement (Figs. 7.2-7.7).
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e There is often associated restricted diffusion, consistent with
a small cell and densely cellular tumor (Figs. 7.2 and 7.6).

e MR spectroscopy shows marked elevation of choline with
little, if any, N-acetyl aspartate (NAA) peak (Fig. 7.8a).

— Elevation of the taurine peak may also be seen in
medulloblastoma.

e The extensively nodular variant often seen in young patients
<1 year old may present with multiple grape-like enhancing
nodular features (Fig. 7.8b).

e There is often evidence of mass effect including severe dila-
tation of the third and lateral ventricles, transependymal CSF
flow, and brainstem compression (Figs. 7.10 and 7.12).

e Diffuse leptomeningeal enhancement and thecal sac drop
metastases when present are consistent with CSF dissemi-
nation and poorer prognosis (Figs. 7.9-7.13).

7.4 PATHOLOGY

Grossly, it presents as a midline vermian mass (Fig. 7.14).

Resection specimens or intraoperative biopsies are often

soft, gray-pink and appear necrotic. Extensively nodular/

desmoplastic tumors may sometimes have a soft to slightly
firm consistency with a lobulated appearance.

e [ntraoperative cytologic imprints or smears show character-
istic moderate cellularity. There is a good correlation
between cytologic features and histologic classification as
classic/nodular, anaplastic, or large cell medulloblastomas.
— Classic and nodular medulloblastomas demonstrate

monolayered sheets of relatively uniform round to oval,
occasionally elongated or carrot-shaped molded nuclei
with hyperchromasia and some chromatin clumping
(Fig. 7.15a). Molded markedly atypical cells with high
nucleocytoplasmic ratio in CSF cytospin are consistent
with dissemination (Fig. 7.15b). Rosette-like arrange-
ments representing Homer—Wright rosettes may be seen
(Fig. 7.16).

— Anaplastic medulloblastomas demonstrate a significant
component of large pleomorphic cells with prominent
chromatin clumping and visible nucleoli. Cell wrapping
or “cannibalism” characterized by the nucleus of one
cell wrapped around the nucleus of another, as well as
apoptotic nuclei are frequent (Fig. 7.17). Occasional
multinucleated cells may sometimes be seen.

— Large cell medulloblastoma when present or predomi-
nant often shows a discohesive monotonous population
of large cells with open chromatin and visible nucleoli
sometimes mimicking the cytologic monotony of large
cell lymphomas (Fig. 7.18).

— Endothelial proliferation and mitosis may be present in
all cytologic types.
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— Rare evidence of cytologic differentiation with astrocytic,
ganglionic, melanocytic differentiation (with melanin pig-
ments) or rhabdomyoblastic differentiation may be seen.

7.4.1 Histology

Varied histologic features may be seen between and within tumors.

Classic medulloblastomas are composed of monotonous

sheets of small cells (Fig. 7.19).

— Slight nuclear irregularity is often present.

— Mitosis is present but often variable.

— Necrosis with or without pseudopalisading may be
present.

— Apoptosis is often present.

— Endothelial proliferation is present and can sometimes
be florid.

— Neuroblastic differentiation is seen as the Homer—Wright
rosette (Fig. 7.20).

— Mature neuronal differentiation as ganglion or “gan-
glioid” cells may be seen but must be distinguished from
entrapped neurons.

— A spindle or fascicular pattern when present is usually
focal (Fig. 7.21).

— Prominent nuclear irregularity with nucleoli and pleo-
morphism suggests the presence of anaplastic features
which may be focal and a transition from classic to ana-
plastic may be appreciable (Fig. 7.22). Extensive ana-
plasia may justify designation as an anaplastic subtype.

— Anaplasia may vary from slight to moderate to severe
(Figs. 7.23 and 7.24).

Regions with monomorphic discohesive large round cells

with prominent nucleoli are suggestive of the presence of a

large cell component (Fig. 7.25).

— Predominance of large cells or severe anaplasia repre-
sents the large cell/anaplastic subtype and accounts for
about 4% of medulloblastoma.

— Severe anaplasia is often associated with increased
apoptosis, increased frequency of mitotic activity, and
“cell wrapping” or cannibalism.

Nodular (desmoplastic) medulloblastoma is characterized

by the presence of multiple reticulin-free pale nodules of

neurocytic cells within a neuropil-like background, rarely
mitotic with increased apoptosis (Figs. 7.26—7.28).

— Leptomeningeal invasion with florid reactive desmoplasia
(collagenous fibrosis) often demonstrating medium to
large sized leptomeningeal vessels may occur but does not
constitute a desmoplastic medulloblastoma (Fig. 7.29).

— Internodular areas are reticulin-rich and are composed
of cells similar to those of classic meduloblastoma.
These areas tend to exhibit more brisk mitotic activity than

seen within the pale nodules.

— Internodular areas may sometimes show varying degrees
of anaplasia (Fig. 7.23).

The extensively nodular medulloblastoma (previously

termed cerebellar neuroblastoma) is a variant showing florid

nodularity and neurocytic differentiation with absent or
minimal undifferentiated internodular component.

— Cells are often arranged in a streaming pattern within a
fibrillary matrix (Figs. 7.30 and 7.31).

— Ganglion cell differentiation (forming cerebellar gangli-
oneuroblastoma) may be present as well (Fig. 7.32).

Infrequent patterns of differentiation include:

— Astrocytic differentiation which must be distinguished
from entrapped reactive astrocytes (Figs. 7.33 and 7.34);

—  Skeletal muscle or rhabdomyoblastic differentiation, which
may rarely be seen as strap cells with or without striations
and constitute the medullomyoblastoma (Fig. 7.35a—c);

— Melanocytic differentiation with melanin pigment pro-
duction constituting the rare melanotic medulloblastoma
(Fig. 7.36).

Premelanosomes and melanosomes are demonstrable by

electron microscopy.

7.5 IMMUNOHISTOCHEMISTRY

Medulloblastomas show diffuse immunopositivity for syn-
aptophysin (Fig. 7.37) and variable immunopositivity for
chromogranin, neurofilament protein, and NeuN.

Glial fibrillary acidic protein (GFAP) often highlights
trapped reactive astrocytes. Rare positivity of tumor cells is
seen (Figs. 7.33 and 7.34).

Immunopositivity for retinal S-antigen and rhodopsin may
be rarely seen in tumors with photoreceptor differentiation.
Epithelial membrane antigen (EMA) is usually negative.
p53 immunopositivity is seen in a subset of medulloblasto-
mas. Increased proportion of positive cells often correlates
with increasing anaplasia and poorer survival (Fig. 7.38).
MIB-1 (proliferation) index is variable, often very high and
ranging between 30 and 80% (Fig. 7.39).

7.6 ELECTRON MICROSCOPY

This shows tumor cells often paucicellular in organelles but
with demonstrable neurosecretory granules.

Cellular processes are frequent and contain microtubules.
Synaptic type junctions may be seen.

7.7 MOLECULAR PATHOLOGY

Medulloblastoma are presumed to arise from precursor stem
cells in the external granular layer for lateral hemispheric
nodular/desmoplastic medulloblastomas and dysplastic pre-
cursor cells arrested during migration for other vermian
variants.

17p deletion with isochromosome 17q is the commonest
cytogenetic abnormality in medulloblastoma, present in
30-40% of tumors (Fig. 7.40). Potential target genes in the
17p deletion include HICI (17p13.3), frequently hyperm-
ethylated in medulloblastoma, and REN (17p13.2), a nega-
tive regulator of Hedgehog signaling pathway.
Amplification of MYCC and less commonly MYCN is a
common finding in large cell/anaplastic medulloblastoma
(Figs. 7.41 and 7.42).

Gains of CDK6 (7q21), hTERT (5p15), OTX2 (14q22), and
FoxG1 (14q12) have been reported

Losses of 16q, 10q, and 11q are present in a subset of the
tumors.

PTCH gene loss of function mutation and the resulting
activation of the hedgehog signaling pathway have been
implicated in a subset of medulloblastomas

Activation of wnt signaling pathway through mutation
of the adenomatous polyposis coli (APC) gene has been
associated with Turcot syndrome and only 3—4% of sporadic
medulloblastoma.



MEDULLOBLASTOMA 77

e Increased activation of Notch signaling pathway, overex-
pression of PAX5, PAX6, and SOX4, and overexpression of
repressors of neural differentiation REST and FoxG1 have
all been reported in medulloblastoma.

7.8 DIFFERENTIAL DIAGNOSIS

e Medulloblastomas may have areas with prominent perivas-
cular pseudorosettes, thus raising anaplastic ependymoma
as a major differential diagnosis.

— However, ependymomas tend to show variation in
cellularity including regions of well-differentiated
ependymoma.

— EMA is often positive in ependymomas and negative in
medulloblastoma.

— Synaptophysin is positive in perivascular pseudorosettes
of medulloblastoma, while GFAP staining is more char-
acteristic of ependymoma.

— Nuclear positivity for NeuN is not helpful, as it may be
positive in both tumor types.

e Atypical teratoid/rhabdoid tumor (ATRT) may have a prom-
inent PNET-like small round cell component, while large
cell/anaplastic medulloblastoma may mimic ATRT.

— Fluorescent in situ hybridization (FISH) with INI-1
locus specific probe shows no demonstrable allelic dele-
tion in medulloblastoma.

— Similarly, immunostain with BAF-47 (anti-INI1) antibody
shows positive nuclear staining in the neoplastic cells in
medulloblastoma but negative staining is seen in ATRT.

e Medulloblastoma needs to also be differentiated from small
cell glioblastoma.

— The latter will characteristically show widespread GFAP
positivity and lack evidence of neural differentiation
(presence of Homer—Wright rosettes or neuronal immu-
nohistochemical markers typical of medulloblastoma).

e Other small round blue cell tumors of children metastatic to
the CNS, including rhabdomyosarcoma, Ewing/peripheral
PNET, and leukemia/lymphoma, can all be effectively differ-
entiated from medulloblastoma by immunohistochemistry.

— Metastatic neuroblastoma may closely mimic medullo-
blastoma; however, it would be unlikely for neuroblas-
toma to present solely as a CNS metastasis without the

primary peripheral lesion having been identified by
imaging studies or from previous biopsy/ies.

7.9 PROGNOSIS

e The following clinical characteristics define high-risk patients:
— Age<3 years
— Post resection residual tumor >1.5 cm
— Metastatic disease at presentation with Chang stages

Ml1-+4

e Large cell and anaplastic histology are associated with poor
survival.

e Poor prognostic molecular markers include amplification of
MYCC or MYCN and overexpression of c-erbB2 or p53.

e The nodular/desmoplastic and the extensively nodular phe-
notypes are associated with favorable outcome and better
survival than the classic medulloblastoma.

e Expression of 3 catenin has been reported as a good prog-
nostic marker.
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Fig. 7.1. Axial CT examination of a patient with Gorlin (aka basal cell nevus) syndrome
associated with medulloblastoma. Note the characteristic abnormal heavy calcification
outlining the free edge of the tentorium as well as the falx in this young child.

Fig. 7.2. (a) Axial T2-w and (b) apparent diffusion coefficient (ADC) maps demonstrating a heterogeneously hyperintense mass extending bilaterally
to the CPAs, in a 27-month-old boy. There is restricted diffusion within the tumor which was confirmed to be a medulloblastoma on histology.
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Fig. 7.3. Axial T1-w imaging (a) before and (b) after Gd demonstrates some central enhancement.

Fig. 7.4. Axial CT showing hyperdense centrally placed tumor within the posterior
fossa consistent with a highly cellular tumor such as a medulloblastoma or ATRT.
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Fig. 7.5. Sagittal (a) T1-w and (b) T2-w imaging (same patient as in Fig. 7.4) demonstrates T1 hypointense and T2 hyperintense mass.

Fig. 7.6. (a and b) Diffusion weighted imaging (same patient as in Fig. 7.4) shows restriction as may be seen in a medulloblastoma, atypical
teratoid rhabdoid tumor (ATRT), or anaplastic ependymoma. This case was histologically proven to be a medulloblastoma.



Fig. 7.7. (a) Axial and (b) sagittal T1-w images following Gd administration, showing moderate enhancement, much less than would be seen
with a solid pilocytic astrocytoma.
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Fig. 7.8. (a) Typical appearances of MR spectroscopy utilizing a long TE in the same patient as in Fig. 7.7, demonstrating the presence of a
marked decrease in N-acetyl aspartase (NAA), a marker of neuronal and axonal integrity, as well as a significant elevation in choline, a marker
of cell membrane turnover. Also present is a lipid peak consistent with the presence of necrosis. (b) Coronal T1-w and (¢) axial T1-w images post
Gd showing cerebeller mass with grape-like nodules in a patient with an extensively nodular medulloblastoma.




Fig. 7.9. Sagittal T1-w post-Gd imaging of the lumbosacral spine in a patient with
medulloblastoma, demonstrating evidence for abnormal leptomeningeal enhancement
in the dorsal surface of the thoracic cord, as well as evidence for extensive drop
metastases within the distal thecal sac.

Fig. 7.10. Unenhanced axial CT demonstrating a mixed solid and cystic tumor
arising in the posterior fossa and causing obstruction to the supratentorial ventricular
system. The solid portion of the tumor appears hyperdense consistent with high
cellularity. Note also the high density outlining the Sylvian fissures suspicious for
disseminated tumor.

Fig. 7.11. (a) Restricted diffusion demonstrated within the enhancing solid portion of this tumor on the ADC map suggests a medulloblastoma,
ATRT, or anaplastic ependymoma in the differential diagnosis. (b) Note the presence of abnormal leptomeningeal enhancement in the axial T1-w
post-contrast image.
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Fig. 7.12. Same patient as in Fig. 7.11 with (a) sagittal T1-w and (b) coronal T1-w images following the administration of Gd. Florid abnormal
leptomeningeal enhancement is observed with hydrocephalus and extension of abnormal enhancement into the spinal canal. Histology revealed a
medulloblastoma in this 15-month-old boy.

Fig. 7.13. (a and b) MR spine demonstrating extensive abnormal thick leptomeningeal enhancement surrounding the entire spinal cord at the time
of presentation.



Fig. 7.14. Medulloblastoma arising in
the vermis with associated necrosis and
hemorrhage.

Fig. 7.15. Intraoperative cytology preparation of a classic medulloblastoma showing (a) “small blue” cells, with limited cytoplasm, moderate
cellular pleomorphism, and nuclei with chromatin condensation and micronucleoli. Note the lack of a fibrillary background and an occasional
apoptotic body. (b) Cluster of disseminated malignant cells in CSF in a patient with medulloblastoma showing cellular molding, irregular nuclear
contour and high nucleocytoplasmic ratio.

Fig. 7.16. Cytology preparation showing Homer—Wright rosettes.
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Fig. 7.17. Cytology preparation of an anaplastic medulloblastoma
showing “carrot” shaped cells, moderate cellular pleomorphism, “cell
wrapping” (arrow head), “cannibalism” (arrow), and hyperchromatic
nuclei with chromatin condensation and micronucleoli.

-

Fig. 7.18. Cytology preparation of a large cell medulloblastoma show-
ing a monomorphic cytology, nuclei with open chromatin, and slightly
prominent micronucleoli.

Fig. 7.19. Classic medulloblastoma with high cellularity, overlapping
nuclei, some of which are “carrot” shaped. Few “dark” apoptotic bodies
are present.

Fig. 7.20. Classic medulloblastoma with Homer—Wright rosettes.
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Fig. 7.23. Progressive transformation of internodular areas with increasing anaplasia is sometimes seen in desmoplastic medulloblastoma. Residual
pale nodule area is shown partially at top of image (arrow).
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Fig. 7.24. (a—c) Anaplastic medulloblastoma with severe anaplasia. Note marked cellular pleomorphism, florid apoptosis, karyorrhexis, frequent
“cell wrapping,” and “cannibalism”.

Fig. 7.25. Large cell medulloblastoma showing cellular monomorphism, vesicular nuclei, and distinct nucleoli. Note similarity of morphology
to that of a diffuse large cell lymphoma.



Fig. 7.27. Desmoplastic (nodular) medulloblastoma showing pale nod- ~ Fig. 7.29. Fibrosis following leptomeningeal invasion in a medullo-
ules (left) which are composed of neurocytes in a more differentiated  blastoma. This should not be equated with a desmoplastic (nodular)
fibrillary neuropil-like background. Contrast with the less differenti- medulloblastoma.

ated neuroblastic internodular region (right).

Fig. 7.30. Extensively nodular medulloblastoma composed of interlac-
Fig. 7.28. Desmoplastic (nodular) medulloblastoma showing reticulin-  ing fascicles of differentiated neurocytes in a “fibrillary” neuropil-like
free pale nodules and reticulin positive internodular areas. matrix with limited internodular areas.
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Fig. 7.31. Extensively nodular medulloblastoma with neurocytes

arranged in rows reminiscent of an “indian file” pattern. Fig. 7.33. Astrocytic differentiation in a medulloblastoma demonstrated
by reactivity with antibody for GFAP in a subpopulation of tumor cells.

Fig. 7.32. Neuronal/ganglionic (arrow) differentiation in a medullo-
blastoma.

Fig. 7.34. Non-neoplastic reactive astrocytes within a medulloblastoma
showing immunoreactivity for GFAP.
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Fig. 7.35. (a) Medullomyoblastoma with florid skeletal muscle differentiation (arrow), (b) demonstrable strap cells with cross striations, and
(¢) desmin immunoreactivity in tumor cells.

Fig. 7.36. Melanotic differentiation in a medulloblastoma.
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Fig. 7.37. Immunoreactivity for synaptophysin is consistent with neu-  Fig. 7.38. A subpopulation of tumor cells exhibit immunoreactivity of
roblastic differentiation in this poorly differentiated embryonal tumor. ~ p53 protein consistent with dysregulation of p53 in this tumor and
implication for a poor prognosis.

Fig. 7.39. Ki-67 immunoreactivity showing a high proliferation index.
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Fig. 7.40. Conventional comparative genomic hybridization (CGH) demonstrating loss of 17p and gain of 17q consistent with cytogenetic

findings of isochromosome 17q.

Fig. 7.41. FISH using an N-myc-specific probe demonstrates gene amplification (green) in an anaplastic medulloblastoma. Chromosome 2

centromeric reference probe is red.
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Fig. 7.42. FISH using a c-myc-specific probe demonstrates gene amplification (red) in an anaplastic medulloblastoma. Chromosome 8 centro-
meric reference probe is green.
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8.1 OVERVIEW

o Atypical teratoid/rhabdoid tumors are malignant high grade
embryonal (WHO Grade IV) tumors seen in children often
below the age of 3 years and rarely above the age of 6 years.

e Account for 10% of tumors in infants with slight male pre-
dominance, M:F ratio=2:1

e Characteristically poorly differentiated, contain rhabdoid
cells with divergent differentiation to form epithelial, mes-
enchymal, neuronal, and glial components and may be asso-
ciated with a subpopulation of primitive neuroectodermal
cells.

8.2 CLINICAL FEATURES

e Presenting symptoms are related to location that may include
any of the following sites: cerebral hemispheres, suprasellar,
pineal, cerebellar, cerebellopontine angle, or rarely spinal
cord.

e Symptoms of raised intracranial pressure including vomit-
ing and lethargy may occur.

e Cranial nerve palsy may be seen in cerebellopontine angle
and brainstem lesions.

e [eptomeningeal dissemination is frequent and may be a pre-
senting feature in a significant subset.

e Aggressive clinical course is typical.

8.3 NEUROIMAGING

e May present as a supratentorial mass (Figs. 8.1 and 8.2) or
more commonly infratentorial mass (Fig. 8.3), classically
involving the cerebellopontine angle (Figs. 8.4, 8.5-8.7).

e Though uncommon, it may also present as a spinal cord
mass lesion (Fig. 8.8).

e Characteristically, MRI shows a predominantly solid mass
which is hyperintense or isointense with gray matter with
moderate diffuse heterogenous enhancement (Figs. 8.1, 8.2
and 8.9).

e Cystic areas and regions of necrosis may be present
(Fig. 8.10a).

e There is typically associated restricted diffusion (Figs. 8.10b
and 8.11a) consistent with a densely cellular tumor. The neu-
roimaging appearance can be radiographically indistinguish-
able from medulloblastoma.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,

e MR spectroscopy shows marked elevation of the choline
peak with little, if any, NAA peak.
— There may be an associated lipid/lactate peak within the
tumor consistent with tumor necrosis.
e Diffuse leptomeningeal enhancement within the brain and
spine is frequent and when present it is consistent with CSF
dissemination.

8.4 PATHOLOGY
8.4.1 Gross

e Grossly tumors are variably sized, soft, variegated with
pink-red hemorrhagic and sometimes necrotic appearance.
In contrast to PNET, they more often contain foci of necrosis
and hemorrhage.

e Significant mesenchymal component may confer a firm con-
sistency. Uncommonly, they may contain small dense white
foci reflecting a connective tissue component.

8.4.2 Intraoperative Smears

e Cytologic preparations are often cellular with cells arranged
in predominantly cohesive clusters, in a necrotic background
showing tumor diathesis. Rare or occasional pseudopapil-
lary configuration (Fig. 8.12a) may be seen.

e The cells are poorly differentiated, often epithelioid and may
consist of a variable component of typical rhabdoid cells
with moderate size, pink cytoplasm and a round, eccentri-
cally-placed nucleus having a prominent nucleolus (Fig.8.12b
inset).

e Poorly differentiated cells with hyperchromatic nuclei and
little cytoplasm reminiscent of the “small blue” cells of a
PNET may be present (Fig. 8.12b).

o Frequent mitosis, apoptosis, and cell wrapping can be seen.

8.4.3 Histology

e Histology is variable and complex. May be composed solely
of sheets of rhabdoid cells (Fig. 8.13) or may consist primar-
ily of primitive neuroectodermal cells (Fig. 8.14).

e Histology tends to be necrotic and hemorrhagic, and may
contain foci of dystrophic calcification. Dilated, thrombosed
blood vessels are sometimes seen as well.

e Rhabdoid cells are poorly differentiated with eccentric
vesicular nuclei, prominent nucleoli, and eosinophilic
(ground glass) cytoplasm containing distinct globular inclu-
sions and with distinct cell borders (Fig. 8.15).
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Disparate tissues/cells are often recognizable without too
much difficulty and may include spindled mesenchymal-
type cells (Fig. 8.16a) or rare epithelium, which may be
squamous (Fig. 8.16b) and/or adenomatous (Fig. 8.16c¢).
Regional epithelial differentiation showing papillary, ade-
nomatous, or cord-like pattern (Fig. 8.17) may be seen. More
commonly, evidence of epithelial differentiation is only per-
ceived by antigen expression.

Regions of cells with prominent cytoplasmic vacuolation
are frequent and should raise the differential diagnosis of
ATRT (Fig. 8.18)

Mesenchymal differentiation with desmoplastic spindle cell
pattern or frank sarcomatous differentiation may be seen
(Fig. 8.19).

Mitotic activity is high, atypical mitoses can be readily iden-
tified, and cell wrapping may be seen.

A regional component of primitive neuroectodermal cells is
frequently seen but presence is not required to reach a diag-
nosis of ATRT. The fields of primitive neuroepithelial cells
generally resembling the so called ‘classical medulloblas-
toma’ which may exhibit Homer Wright rosettes are seen in
60-70% of ATRTs.

Rarely, a classical neurotubular structure, characteristic of
medulloepithelioma, is encountered.

The nodular architecture characteristic of desmoplastic or
‘neuroblastic’ medulloblastoma is not found in ATRTS,
whereas distinguishing ATRT from anaplastic and large-cell
medulloblastoma is challenging.

Tumors that occur in more than one site may exhibit histo-
logical features that differ. For example, one may be com-
posed entirely of rhabdoid cells, whereas another may be
indistinguishable from a PNET/MB.

5 IMMUNOHISTOCHEMISTRY

The rhabdoid cells typically show immunopositivity for
EMA (Fig. 8.20a) and vimentin (Fig. 8.20b) with variable
expression of SMA (Fig. 8.20c¢).

Focal or regional positivity for Cytokeratin (Fig. 8.20d),
GFAP (Fig. 8.20e) and neuronal markers such as synapto-
physin (Fig. 8.20f) and neurofilament proteins (NFP)
(Fig. 8.20g) may be seen.

Immunostaining for SMARCI1/INII protein is negative in
tumor cell nuclei but present in endothelial cell nuclei which
serve as internal control (Fig. 8.20h).

Lack of expression of the INIIl antigen is most helpful in
differentiating ATRT from look-alikes and is an indication
of the rhabdoid nature of the cells.

Ki-67 shows a high proliferation index often ranging between
25% and 85%.

6 ELECTRON MICROSCOPY

The characteristic ultrastructural feature of rhabdoid cells is
the presence of whorls of intermediate filaments in the per-
ikaryon (Fig. 8.21a and b).

e Undifferentiated neuroepithelial cells have a small cell body,
most of which is occupied by the nucleus with only a few
organelles.

e Differentiated neuroepithelial cells show intermediate fila-
ments, microtubules, and/or dense core vesicles.

e Epithelial cells exhibit desmosomes or longer junctions sim-
ilar to zonulae adherentes, cilia, or other specific features of
epithelial differentiation (Fig. 8.21c).

8.7 DIFFERENTIAL DIAGNOSIS

e Major differential diagnosis includes classic type of PNET/
MB, anaplastic and large cell medulloblastoma, and choroid
plexus carcinoma.

e The divergent histologic features and immunophenotype
often raise the possibility of a germ cell tumor. However, the
absence of differentiation into elements of the three germ
layers can be helpful in distinction from germ cell tumors.

e ATRTSs do not express desmin or germ cell markers such as
AFP and beta HCG.

e Regions of cells with prominent cytoplasmic vacuolation
may be a shared histologic feature with choroid plexus car-
cinoma and may be problematic with small biopsies.
However, choroid plexus carcinoma shows nuclear positiv-
ity for INI1 protein.

e Interpretation of immunohistochemical findings may be
complicated by the fact that PNET areas may express GFAP,
NFP, vimentin, SMA, and, rarely, desmin. However, the
primitive-appearing cells do not express EMA or keratin.

e Biopsies with PNET-like features and negative nuclear stain-
ing for INI11 should be regarded as representing PNET like
region of an ATRT.

e The neoplastic mesenchymal component in ATRT may
resemble a sarcoma. If this pattern predominates, it poses a
major risk of misdiagnosis.

e Tumors that occur in more than one site may exhibit histo-
logical features that differ. For example, one may be com-
posed entirely of rhabdoid cells, whereas another may be
indistinguishable from a PNET/MB.

e Anaplastic/large cell medulloblastoma may mimic ATRT
but can be easily differentiated by nuclear positivity
for INI1.

e Rhabdoid meningioma shares the rhabdoid morphology with
ATRT but unlike ATRT usually shows immunopositivity for
INII.

8.8 MOLECULAR PATHOLOGY

e Characteristic genetic event seen in 85% of ATRTSs involves
the deletion of the SMARCI1/INI1 (hSNF5) locus at 22q11.2
and/or mutation of the INI gene (Fig. 8.201).

¢ Biallelic (homozygous) deletion (Fig. 8.20j) or mutation of
one allele followed by the loss of the second allele during
homologous recombination represents mechanisms of
inactivation of INI1 expression.
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e Most of the mutations are nonsense or frameshift mutations
leading to loss of expression of the INI1 protein.

e Loss of expression of INII protein without demonstrable
gene mutation or hypermethylation of the INI1 gene pro-
moter region has been described.

e Germline mutations involving the SMARC1/hSNF5/INI1
gene are associated with a novel autosomal dominant
syndrome, the rhabdoid predisposition syndrome (RPS)
with incomplete penetrance that predisposes to malignant
posterior fossa brain tumors in infancy. Some of these
cases represent recurrent, interstitial deletions mediated
by low copy repeats in 22q11.2 with a predisposition to
cancer.

e Spectrum of neoplasia that may be seen in RPS includes CNS
ATRTs, central PNETS, medulloblastoma, choroid plexus
carcinoma, as well as rhabdoid tumors in the kidneys and
extrarenal tissues.

e Mechanism of action of the wild type INI protein in the pre-
vention of neoplastic transformation is unclear.

8.9 PROGNOSIS

e Outcome in children less than 3 years is poor with survival
ranging between 11 and 24 months.

e CSF dissemination is a frequent terminal event (Fig. 8.22).

e Long term survival has been observed in some of the patients
with ATRTs in the setting of RPS.
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Fig. 8.1. (a) Axial T1- and (b) T2-w images in a 16-month-old boy demonstrating solid appearing heterogeneous mass occupying most of the
body of the left lateral ventricle with bowing of the midline convex to the right in the presence of a dilated supratentorial ventricular system.

Fig. 8.2. (a) Axial T2- and (b) T1-w post Gd imaging in a 22-month-old girl, demonstrating a rim-enhancing mixed solid and cystic-appearing
supratentorial tumor effacing the body of the right lateral ventricle and causing contralateral hydrocephalus with transependymal fluid spread on
the left. Histopathology revealed an ATRT. Following a gross total resection and therapy this child survived for another 5 years.
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Fig. 8.3. Axial T2-w image through the posterior fossa in this 21-month-
old male patient demonstrating heterogeneous mixed signal intensity
mass with solid and more cystic-appearing components extending into
the left cerebello-pontine angle (CPA), with non-visualization of the
IVth ventricle.

Fig. 8.4. Unenhanced CT examination in an 18-month-old boy, pre-
senting with hearing loss, which shows a hyperdense mass originating
at the level of the left CPA. The hyperdensity suggests a highly cellular
tumor, confirmed on MRI with restricted diffusion abnormality in the
presence of altered blood and blood product. Bone windows on CT
revealed some remodeling of the left internal auditory canal (IAC), in
the presence of an otitis media. Despite resection that revealed an
ATRT the child succumbed one month later.

Fig. 8.5. (a) Axial T2-w image demonstrating a right CPA mass with (b) restricted diffusion abnormality on ADC map.



100 ATYPICAL TERATOID RHABDOID TUMOR

Fig. 8.6. Same patient in Fig. 8.5 revealing evidence for hemorrhage within the tumor on (a) gradient echo imaging with (b) fine cut heavily T2-w
imaging demonstrating exophytic extension into the basal cistern.

Fig. 8.7. (a and b) Fine cut T1-w imaging on the same patient in Fig. 8.5 shows the pattern of enhancement which extends into the pores of the
right IAC. The patient survived for another 6 months despite resection and therapy.
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Fig. 8.8. Sagittal T1-w imaging of the (a) head and (b) neck, of a one year old girl presenting with left-sided weakness, before and after the
administration of Gd showing an extradural mass lesion in the cervical spine with rim enhancement post-Gd. This proved to be a rhabdoid tumor
with extension through the exit foramen into the soft tissues requiring more than one resection. This is a very unusual location for ATRT. She
died from intracranial dissemination of tumor four months after first presentation.

Fig. 8.9. (a) Axial T2-w and (b) T1-w post Gd images of a 17-month-old boy with a large poorly enhancing predominantly hyperintense lesion
in the left frontal region causing mass effect and midline shift with contralateral hydrocephalus proven to be a supratentorial ATRT. He survived
for another 5 months following removal.
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Fig. 8.10. (a) Axial T1-w imaging post-Gd and (b) axial diffusion-weighted imaging (DWI) in the same patient in Fig. 8.3 demonstrating diffuse
enhancement of the solid appearing component of the tumor which shows restricted diffusion abnormality on apparent diffusion coefficient
(ADC) map. The right posterior component of the tumor demonstrates unrestricted diffusion consistent with fluid filled cyst. Taking the
morphology into account these appearances would be typical for an ATRT but differential diagnosis would include medulloblastoma and
anaplastic ependymoma. This patient survived for another 5 years with treatment.

Fig. 8.11. (a) Axial ADC map and (b) T1-w post Gd imaging in the same patient in Fig. 8.5 demonstrating almost uniformly restricted diffusion
abnormality in the poorly enhancing intraventricular mass which at surgery proved to be a supratentorial ATRT. Despite a gross total resection
this patient survived only 2 months.
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Fig. 8.12. Intraoperative cytologic preparations showing malignant poorly differentiated tumor cells arranged in (a) a pseudopapillary pattern,
and a (b) smear of a rhadoid tumor with mixed population of primitive neuroepithelial cells and rhabdoid cells. Rhabdoid cells with vesicular
nuclei and prominent nucleoli seen in the inset.

Fig. 8.14. Region in an ATRT showing poorly differentiated primitive
neuroepithelial cells. or “small blue” cells consistent with a PNET
Fig. 8.13. Histology of ATRT showing sheets of epithelioid cells. component.
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Fig. 8.15. Epithelioid (rhabdoid) cells with vesicular nuclei, prominent
nucleoli and abundant, eccentric, eosinophilic cytoplasm.

Fig. 8.16. Regional desmoplasia is a common finding in ATRT with (a) tissue culture type fibroblastic proliferation, (b) abrupt nests of squamous
differentiation, and (c) field of ATRT containing nest of squamous and glandular epithelium in center, with a small amount of surrounding non-
differentiating collagenous mesenchymal tissue and nests of primitive epithelial cells in the upper left and lower right regions.
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Fig. 8.19. Field consisting of elongated spindled cells resembling a
Fig. 8.17. Field of ATRT composed of papillary structures and primi-  sarcoma.
tive neuroepithelial cells.

Fig. 8.18. Regional cytoplasmic vacuolation is common and may
involve large regions of an ATRT.
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Fig. 8.20. Photomicrographs of ATRT demonstrating expression of various antigens. (a) EMA, (b) Vimentin, (¢) SMA, (d) AEI-AE3 (Pan-
cytokeratin) keratin, (e) GFAP, (f) Synaptophysin, (g) NFP, (h) INI1. Note positive immunostaining of the nuclei of endothelial cells and negative
staining in tumor cells, (i) FISH analysis of ATRT showing heterozygous (allelic) deletion at the SMARCI1/INI1 (hSNF5) locus at 22q11.2. The test

probe (green)/reference probe (red) ratio is less than 0.8; (j) FISH analysis of AT/RT showing homozygous (biallelic) deletion at the SMARC1/INI1
(hSNFS) locus at 22q11.2. The test probe is red while the reference probe is green.
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Fig. 8.21. Ultrastructural features of ATRT: (a) Large mass of intracytoplasmic whorls of intermediate filaments (arrow), (b) Intracytoplasmic
filaments (short arrow) and dilated endoplasmic reticulum (arrow head), (¢) Prominent cell junctions (arrow).

Fig. 8.22. Cluster of malignant cells in the CSF in a patient with
disseminated ATRT.



Section C: Tumors of the Meninges

Christine E. Fuller and Brian Pavlovitz

Abstract Section C focuses on pediatric meningeal-based tumors. Meningiomas are presented
first, with illustrative examples of the multiple histologic variants. Particular emphasis is given to
histologies associated with WHO grades II and III, and the specific criteria set forth by the WHO
for atypical and anaplastic meningioma are summarized. Non-meningothelial mesenchymal
tumors, including hemangiopericytoma, are presented next, focusing primarily on those tumors
that may arise in the pediatric age group. The third subsection addresses primary melanocytic
lesions of the meninges, including diffuse melanocytosis, melanocytoma, and malignant mela-
noma and melanomatosis. Hemangioblastoma, a tumor of uncertain histogenesis, is presented in
the final subsection. Specific emphasis will be placed on the classic neuroimaging and pathologic
characteristics of each of these entities, with careful consideration of differential diagnosis in each
instance.
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9.1 OVERVIEW

Dural-based neoplasms derived from meningothelial (arach-
noid) cells including a wide variety of histologic subtypes,
ranging from benign WHO grade I variants to more biologi-
cally aggressive meningiomas encompassing WHO grades
IT and III.

Many pediatric meningiomas are sporadic; however, a sig-
nificant proportion arise in the context of a hereditary cancer
predisposition syndrome, especially Neurofibromatosis type
2 (NF2).

Multiplicity of meningiomas is not uncommon in NF2, and
the pediatric onset of meningioma should prompt further
evaluation for clinical and genetic findings diagnostic of
NF2. Meningiomas are infrequently encountered with
Gorlin syndrome.

Exposure to radiotherapy for prior neoplasm is another sig-
nificant predisposing factor in the development of menin-
giomas, particularly within the pediatric age group.

9.2 CLINICAL FEATURES

Though they are quite common in adults, meningiomas infre-
quently arise in the pediatric population, accounting for less
than 3% of all intracranial tumors in that age group.

In contrast to observations among their adult counterparts,
pediatric meningiomas are more common in males.
Specific manifestations depend on tumor site and compres-
sion of adjacent structures.

Signs and symptoms related to chronically elevated intrac-
ranial pressure (headaches, vomiting, papilledema), cranial
nerve disorders and other focal neurologic deficits, and sei-
zures have been reported in these children.

9.3 NEUROIMAGING

In children, meningiomas typically arise at intracranial loca-
tions including over the cerebral convexities, parasagittal or
parasellar regions, or the cerebellopontine angle (Fig. 9.1a, b).
Absence of dural attachment (intraventricular and intra-
parenchymal locations) is more frequent in pediatric menin-
giomas, whereas spinal meningiomas are quite uncommon.
By MR imaging, most meningiomas are iso- to hypointense
to gray matter on T1, hyperintense on T2 and FLAIR,
and are accentuated strongly postcontrast administration
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(Fig. 9.2a—e). The characteristic “dural tail” may be seen in
over 50% of cases.

Surrounding vasogenic edema frequently accompanies
meningiomas; with angiomatous or higher-grade variants,
this may be marked (Fig. 9.2b, c).

Intratumoral calcifications, hemorrhage, necrosis, or cystic
components are uncommon findings (Fig. 9.2a—e).

Invasion of adjacent cranial bone may cause hyperostosis,
readily identifiable on imaging studies (Fig. 9.2e).
Angiography (typically performed when embolization is
planned) shows a hypervascular tumor blush throughout the
arterial phase of the middle meningeal artery injection, persist-
ing into the late venous phase with slow washout (Fig. 9.2f).
Tumor seeding along surgical trajectory, through CSF dis-
semination, or metastases outside the CNS is rarely encoun-
tered; though more frequent with higher grade tumors,
histologically benign meningiomas have exhibited such
behaviors.

9.4 PATHOLOGY

Gross pathology: (Fig. 9.3)

— Meningiomas are generally round or lobulated tan-yellow
firm masses, frequently with dural attachment. Some
tumors, usually the base of skull lesions, grow in a flat “en
plaque” pattern. A granular appearance may indicate
psammoma bodies.

— Encasement of adjacent nerves or blood vessels, or inva-
sion into bone or soft tissue may be encountered.

— Atypical and anaplastic meningiomas are usually larger
and may contain areas of micro- or macronecrosis.

Intraoperative cytologic imprints/smears:

— Cytologic smears/squash preparations show cohesive
syncytial clusters of cells with oval to round nuclei.

— Classic “whorl” formations, intranuclear cytoplasmic
invaginations, and psammoma bodies are other helpful
diagnostic features (Fig. 9.4a—f).

— Squash: preparations from several meningioma variants
may pose a significant diagnostic challenge.

— The fibrous variant (Fig. 9.52) with its elongated spin-
dle cells may mimic glioma by cytology, whereas pap-
illary (Fig. 9.5b) and rhabdoid (Fig. 9.5¢) variants may
be confused with carcinoma or AT/RT, respectively.

— Nuclear anaplasia, macronucleoli, mitoses, and sheeting
suggest a higher-grade lesion.

Histology: A multitude of histologic variants have been rec-

ognized. In general, WHO grade I meningiomas carry a low

risk of recurrence and behave in a benign fashion, whereas

WHO grade II and III tumors carry an incrementally higher

likelihood of recurrence and aggressive behavior.
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The higher-grade variants are notably more frequent in the

pediatric population.

— Note that pleomorphic nuclei may be encountered in any
of the meningioma variants, most often connoting a
degenerative atypia as opposed to higher tumor grade.

Menmgothellal meningioma (WHO grade I):

Common variant with lobular architecture; these lobules

contain syncytial arrays of cells with uniform oval

nuclei, often containing intranuclear-cytoplasmic inclu-
sions. Whorls and psammoma bodies are infrequent

(Fig. 9.6a, b).

Fibrous meningioma (WHO grade I):

— Contain spindle cells arranged in parallel fascicles with
an interwoven collagen matrix, the latter on occasion may
be quite dense.

— Focal intranuclear cytoplasmic inclusions and psammoma
bodies may be seen (Fig. 9.6c, d).

Transitional (mixed) meningioma (WHO grade I):

— Perhaps the most recognizable variant, transitional men-
ingiomas display a mixture of both meningothelial and
fibrous patterns with numerous whorls and psammoma
bodies (Fig. 9.6e-h).

WHO grade I variants uncommon in children:

—  Psammomatous meningioma:

—  Contain more psammoma bodies than meningothelial
tumor cells, the former often coalescing to form large
calcified areas.

— Whorl formations are common (Fig. 9.7a).

— Angiomatous meningioma:

— Typified by more vascular structures than tumor cells,
harboring abundant small to medium caliber, often
hyalinized blood vessels of variable wall thickness.

— Degenerative nuclear atypia may be marked (Fig. 9.7b).

—  Microcystic meningioma:

— Contain numerous intercellular microcystic spaces,
sometimes containing eosinophilic mucinous secretions.

— Similar to the angiomatous variant, nuclear pleomor-
phism may be a prominent feature (Fig. 9.7¢).

— Secretory meningioma:

— Variant marked by the presence of focal epithelial dif-
ferentiation consisting of intracellular lumens con-
taining  eosinophilic, PAS-positive  secretions
(pseudopsammoma bodies) (Fig. 9.7d, e).

— These structures are CEA-positive (Fig. 9.7f).

— Mast cells may be conspicuous.

—  Lymphoplasmacyte-rich meningioma:

— Extremely rare variant with extensive chronic inflam-
matory cell infiltrate typically overshadowing the
meningothelial cells.

—  Metaplastic meningioma:

—  Contain mesenchymal components in the form of bone,
cartilage, lipid, or myxoid tissues. Xanthomatous areas
may also be present (Fig. 9.7g).

Atypical meningioma (WHO grade II):

— By definition, a meningioma with increased mitotic rate
(>4/10 hpf in the area of highest mitotic activity) or at
least three of the following histologic findings:

— Hypercellularity

—  Small cell change

—  Prominent nucleoli

—  Sheet-like growth

— Foci of spontaneous or geographic necrosis (i.e. not
induced by therapeutic embolization) (Fig. 9.8a—d)

— From a prognostic standpoint, meningiomas that are
histologically benign (grade I) but show definite brain
invasion, should also be considered WHO grade II as
they have been documented as showing recurrence and
mortality rates akin to other grade II meningiomas.

— Brain-invasive meningiomas will show tongue-like pro-
jections of tumor infiltrating into the underlying brain
parenchyma (Fig. 9.8e).

Chordoid meningioma (WHO grade II):

— Composed of cords and trabeculae of eosinophilic cells,
sometimes with cytoplasmic vacuolization, within a
mucoid or myxoid background closely mimicking chor-
doma (Fig. 9.9a, b).

— Most show mixing of this chordoid pattern with more typi-
cal meningioma morphology; pure examples are quite rare.

— These tend to be large supratentorial tumors typified by a
high rate of recurrence when not completely resected.

Clear cell meningioma (WHO grade II):

— A rare aggressive meningioma variant, more common in
children, containing cells with abundant clear glycogen-
rich (PAS-positive) cytoplasm.

— Dense “blocky” accumulations of collagen are a frequent
finding (Fig. 9.10a, b).

— Psammoma bodies and whorl formations are not typical
features.

— They show a tendency to involve the cerebellopontine
angle and cauda equina region, frequently recur, and may
even show CSF dissemination.

Anaplastic (malignant) meningioma (WHO grade 111):

— Contain obvious histologic malignant features, including:
— Malignant cytology (may resemble carcinoma, sar-

coma, or melanoma), and/or
— Markedly elevated mitotic index, defined as >20
mitoses/10 hpf (Fig. 9.11a, b).

— Scattered regions showing at least vaguely recognizable
meningioma architecture can be found in most examples,
though rarely these lesions prove formidable diagnostic
dilemmas necessitating extensive immunohistochemical,
ultrastructural, and even molecular workup.

—  Although brain invasion is frequently present (though not
always), this feature alone is not sufficient to warrant a
WHO grade III designation (see note above under atypical
meningioma).

Papillary meningioma (WHO grade I11):

— Rare variant, more frequent in young patients, with prom-
inent pseudopapillary pattern. (Fig. 9.12a, b)

Rhabdoid meningioma (WHO grade I11):

— Uncommon variant, similarly more frequent in young
patients, containing ‘“rhabdoid cells” with eccentri-
cally-situated vesicular nuclei that often contain prom-
inent nucleoli, and abundant eosinophilic cytoplasmic
“bellies,” many showing obvious globular or whorled
inclusions (Fig. 9.13a, b).
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— The cells of this “rhabdoid phenotype” closely mimic
those encountered in atypical teratoid/rhabdoid tumor and
renal or extrarenal pure rhabdoid tumors, with definitive
differentiation often requiring immunohistochemistry
and/or molecular determination of INI1/BAF47 status
(see below for differential diagnosis).

— A mixture of rhabdoid cells and papillary/pseudopapillary
architecture may be encountered.

— Rhabdoid meningiomas frequently exhibit a high prolif-
erative index and other aggressive histologic features.

9.5 IMMUNOHISTOCHEMISTRY

Epithelial membrane antigen (EMA) and vimentin are posi-
tive in nearly all meningiomas (Fig. 9.14a); some variants,
however, particularly fibroblastic and higher-grade menin-
giomas, may show only faint focal EMA staining.

S-100 staining is variable.

Strong staining for CEA is typical of the pseudopsammoma
bodies of secretory meningioma (Fig. 9.7f).

Claudin-1, a structural protein found in tight junctions, is
detectable in up to 85% of meningiomas and may be espe-
cially useful in diagnostically equivocal cases in which
EMA staining is weak.

Ki-67, progesterone receptor (PR), and phosphohistone H3
(PHH3; a mitosis-specific antibody) staining may be useful
from a prognostic standpoint (see below).

9.6 ELECTRON MICROSCOPY

The majority of meningiomas contain intercellular com-

plexes including desmosomes and interdigitation, as well as

abundant intermediate filaments (Fig. 9.14c).

— These features may be inconspicuous in the fibrous
variant.

— Microlumina, often with microvilli, are seen in secretory
meningiomas.

9.7 MOLECULAR PATHOLOGY

Alterations of various Protein 4.1 superfamily members are

commonplace in meningiomas.

— Inactivation of the neurofibromatosis 2 (NF2) gene on
22q12 and loss of its protein product merlin are detected
in approximately half of sporadic and nearly all NF2-
associated meningiomas.

— NF?2 alterations are infrequent in radiation-induced men-
ingiomas (chromosome 1p deletions are more common in
these) and are encountered in certain histologic variants
(fibrous, transitional, and psammomatous) more fre-
quently than in others (meningothelial).

— Deletions involving Protein 4.1B (DAL-1 or “differen-
tially expressed in adenocarcinoma of the lung”) are seen
at a similar frequency overall in meningiomas, including
pediatric examples.

— Though the above alterations have not been shown to
have prognostic relevance independent of histologic grad-
ing, their detection may be helpful from a diagnostic
standpoint in selected cases (see below).

Multiplicity of the above abnormalities is more frequent in
atypical and malignant meningiomas.

Deletions of chromosomes 1p and14q are frequent in pedi-
atric and NF2-associated meningiomas, often accompany-
ing other aggressive histologic features and tendency for
recurrence.

A variety of other molecular alterations have been docu-
mented in adult meningiomas [i.e., deletions of p/6 (CDKN2A
on 9p21), amplifications of PS6K (17q23), and LOH of
several regions along chromosome 10]; however, the inci-
dence and potential diagnostic/prognostic relevance of these
changes in pediatric meningiomas are presently unknown.

9.8 DIFFERENTIAL DIAGNOSIS

Spindle cell lesions such as schwannoma, solitary fibrous
tumor, and hemangiopericytoma may resemble menin-
giomas, particularly the fibrous variant.

— Unlike meningiomas, schwannomas are diffusely positive
for S-00, and solitary fibrous tumors will be diffusely
positive for CD34.

— Hemangiopericytomas are more variable in their immu-
nolabeling, possible staining including EMA, vimentin,
CD34, and factor XIIIa, to a greater or lesser extent. They
will, however, show the ultrastructural feature of pericel-
lular basement membrane material (similar to schwan-
noma), a feature not present in meningiomas.

Renal cell carcinoma may be distinguished from clear cell

meningioma by virtue of its diffuse immunopositivity for

cytokeratin; CD10 and RCC-marker antibody may likewise
be helpful, though they are less-reliably positive in RCC.

— Hemangioblastoma, another clear cell lesion, is EMA
negative, and careful inspection should divulge character-
istic bubbly stromal cells.

Chordoid meningioma may closely mimic its namesake
chordoma; however, the latter will show diffuse S-100
and cytokeratin positivity and contains typical physalifer-
ous cells.
Though meningiomas may be quite vascular, they differ
from arteriovenous malformations and other vascular lesions
in that they contain meningothelial cells.
Grade III (anaplastic, rhabdoid, and papillary) meningiomas
may frequently prove quite difficult to diagnose as they may
show significant histologic and even immunohistochemical
overlap with other high-grade neoplasms including sarco-
mas, hemangiopericytomas, high-grade gliomas, AT/RT,
and choroid plexus carcinoma.

— Detection of deletions of 22q (NF2), 18p (Dall), 1p, or
14q by FISH analysis would provide additional support
for classification as meningioma in these instances as
these alterations are not expected in the other tumors
noted earlier.

— Immunohistochemical and/or molecular determination of
INI1/BAFA47 status is specifically helpful for differentiat-
ing rhabdoid meningioma from AT/RT, as in the latter
INI1 should be lost, that 1is, not expressed.
Immunohistochemistry has been found to be a more reli-
able method in this instance, as deletions involving 22q
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are common to both tumor types, whereas INI1/BAF47
immunopositivity should be retained in rhabdoid menin-
giomas but not AT/RT (Fig. 9.14b).

e Melanocytoma and malignant melanoma may mimic benign
and anaplastic/malignant meningiomas, respectively. Unlike
the latter, both of these melanocytic tumors are characteris-
tically positive for S-100, HMB-45, and MARTI, while
negative for EMA.

e Dural-based metastatic carcinomas, including choroid plexus
carcinoma, may be effectively differentiated from menin-
giomas by virtue of their diffuse cytokeratin positivity.

9.9 PROGNOSIS

e Compared with meningiomas in adults, pediatric menin-
giomas have in general a poorer prognosis. The degree of
initial tumor resection (dictated in part by tumor location),
pathologic grade, and association with NF2 are the most
important factors influencing prognosis in individual
children.

e Recurrence-free survival time is significantly related to
WHO grade; this does not appear to be the case for overall
survival.

e WHO grade III meningiomas, including anaplastic, rhab-
doid, and papillary meningiomas, are all notable for
markedly aggressive biologic behavior, typified by fre-
quent invasion of brain and other nearby tissue, higher
rate of metastasis outside the CNS, and short recurrence-
free and overall survival rates; median overall survival in
the pediatric population has not been well established,
though that in adults for this tumor cohort is typically
less than 2 years.

e Similar to negative PR status and elevated Ki67 labeling
index, a variety of molecular alteration have been reported
as negative prognostic variables in meningiomas arising in
adults, including deletions of 1p, 14q, and p/6, LOH chro-
mosome 10, and amplification of PS6K, as noted earlier.
Whether or not these parameters will prove useful for

prognostication for pediatric meningiomas will need to be
determined on adequately large cohorts of children.
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Fig. 9.1. T1-weighted postgadolinium axial (a) and coronal (b) MR images showing homogeneously enhancing pediatric meningiomas arising
over the cerebral convexities and within the cerebellopontine angle, respectively. Note the characteristic “dural tail” in both images.



Fig. 9.2. This 8-year-old boy had a quite large parasagittal multilobulated dural-based mass with solid and cystic components in the right
posterior parietal lobe; the solid component showed heterogeneous signal intensity, being iso- to hypointense to cortex on T1-weighted (a),
hyperintense on T2-weighted (b) and FLAIR (c), and showing heterogeneous enhancement on T1-weighted post-Gd (d) axial MR images. Note
the accompanying peritumoral edema and midline shift, seen best in b and c. Sagittal T1-weighted post-Gd image (e) shows thickening/
hyperostosis of the overlying calvarial bone and scalp edema. Angiography (f) shows prominent tumor blush, with feeding vasculature arising
from the right middle meningeal artery.
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Fig. 9.3. Typical macroscopic appearance of meningioma, arising from
the dura as a well-circumscribed firm mass.

Fig. 9.4. Helpful cytologic features that may be encountered on crush/squash preparations of meningioma include the findings of cohesive
syncytial clusters (a), whorls (b), and psammoma bodies (c¢). Careful inspection often reveals intranuclear cytoplasmic invaginations/
pseudoinclusions, as seen here centrally (d). Similar findings are demonstrable on both conventional H&E (a—d) and Diff-Quik stained
preparations (e,f).
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Fig. 9.5. (a) Squash preparation of a fibrous meningioma showing elongated spindled cells. (b) Papillary structures with multilayered covering
of epithelioid cells may be seen in cytologic preparations of papillary meningioma. (¢) Squash preparation of rhabdoid meningioma containing
discohesive cells with eccentrically-situated nuclei and eosinophilic cytoplasmic “bellies,” reminiscent of AT/RT.



Fig. 9.6. Common WHO grade I variants. The meningothelial variant of meningioma is multilobular (a), containing syncytial arrays of cells with
imperceptible cell boarders and uniform oval nuclei, often containing intranuclear-cytoplasmic inclusions (b). Whorls are uncommon and poorly-
formed, and psammoma bodies are uncommon. Fibrous meningioma contains interwoven broad fascicles of bland spindle cells (¢ and d); often
there are multiple clear clefts amongst these fascicles (d), and collagen content is variable. Transitional meningioma shows features of both
fibrous and meningothelial variants (e), typically containing numerous tight whorl formations (f) and numerous psammoma bodies (g). Striking
nuclear pleomorphism may be encountered in any meningioma (h), though in the absence of other histologic features indicative of grade II or III
designation, these should be viewed as degenerative in nature.



Fig. 9.7. Other WHO grade I variants. (a) In psammomatous meningioma, psammoma bodies may be so numerous as to make identification of
the neoplastic meningothelium difficult. (b) Angiomatous meningioma contains numerous variably-sized blood vessels, sometimes hyalinized,
and a tendency for nuclear pleomorphism. (¢) In addition to the numerous microcystic spaces, easily-recognizable meningothelial cells are seen
in this microcystic meningioma. Secretory meningiomas contain islands of obvious epithelial differentiation (d) as well as PAS and CEA-positive
pseudopsammoma bodies (e and f, respectively). (g) Metaplastic changes may also be seen in meningioma, here showing an example with meta-

plastic bone formation.
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Fig. 9.8. Microscopic features of atypical meningioma (WHO grade II) may include elevated mitotic rate and/or three or more of the following
features: hypercellularity, small cell change (a), prominent nucleoli (b), sheeting architecture (c¢), and foci of spontaneous necrosis (d). Brain
invasive meningiomas (e) have a rate of recurrence similar to atypical meningioma.
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Fig. 9.9. With its distinctive cord-like architecture (a), chordoid meningioma (WHO grade II) superficially resembles chordoma, though closer
inspection reveals that it lacks the bubbly physaliferous cells of that entity (b).

Fig. 9.10. A fascicular architecture with occasional vague whorls is seen in clear cell meningioma, WHO grade II (a). Dense collagen blocks are
a helpful diagnostic clue seen in most cases (b).

Fig. 9.11. Often barely recognizable as meningioma, anaplastic meningioma (WHO grade III) may resemble sarcoma, carcinoma, or melanoma
(a) and have a brisk mitotic index (b).
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Fig. 9.12. Papillary meningioma (WHO grade III) contains broad fibrovascular cores covered by neoplastic meningothelium (a and b). A careful
search of tissue from these tumors should reveal at least few foci recognizable as meningioma.

Fig. 9.13. Rhabdoid meningioma (WHO grade III) characteristically contains discohesive nests of cells with eccentric nuclei, often with vesicu-
lar chromatin pattern and prominent nucleoli, in addition to eosinophilic cytoplasmic “bellies” (a and b). Areas more recognizable as menin-
gioma are usually identifiable elsewhere within these tumors, though this rhabdoid morphology may be the predominant morphology in some
cases.
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Fig. 9.14. (a) Meningiomas are consistently immunopositive for Epithelial Membrane Antigen (EMA). (b) Rhabdoid meningioma shows retained
nuclear staining for INI1/BAF47 by immunohistochemistry; in true rhabdoid tumor or AT/RT, this nuclear staining is lost. (¢) Meningioma ultra-
structural findings include intercellular interdigitations and desmosomes.
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10.1 OVERVIEW

Meningeal hemangiopericytomas are highly cellular mesen-
chymal tumors exhibiting characteristic “staghorn” vascula-
ture, akin to their soft tissue counterparts.

Their definite cell of origin is uncertain, though it has been

suggested that they may be close relatives to solitary fibrous

tumor.

— At this point in time, however, the WHO recognizes
hemangiopericytomas (grade II) and anaplastic heman-
giopericytomas (grade III) as distinct from solitary fibrous
tumors given their markedly different biologic
behaviors.

In older terminology, hemangiopericytomas were consid-

ered a variant of angioblastic meningioma.

A variety of mesenchymal tumors, both benign and malig-

nant, may occur within the CNS, many arising from the

dura/meninges.

These lesions all are histologically identical to their non-

CNS soft tissue or bony counterparts, and should be named

accordingly.

Sarcomas may arise de novo or following cranial irradiation

or previous trauma.

The antiquated term “meningeal sarcoma” should be avoided

as this term had previously been used to describe a wide

array of lesions including true sarcomas, as well as anaplas-
tic/malignant meningiomas.

10.2 CLINICAL FEATURES

Hemangiopericytomas (HPC)

— Are quite uncommon in all age groups, representing < 1%
of all CNS tumors, and <3% of dural-based lesions.

— Have a peak age range within the third and fourth decades,
less frequently arising in the elderly and pediatric age
groups. Rare congenital lesions have been described.

— There is a slight male predominance.

Mesenchymal tumors may occur at any age and show no

gender bias.

Rhabdomyosarcoma and Ewing/PNET occur predominantly

in children.

The spectrum of clinical signs and symptoms mirrors that

described for meningiomas as these tumors present as dural-

based lesions, and is dependent largely on lesion
localization.

HPC may rarely present with acute intratumoral hemorrhage.
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10.3 NEUROIMAGING

Hemangiopericytomas

— Are most commonly located intracranially, attached to
dura in parasagittal and falcine regions; less frequently,
they involve spinal dura.

— Rare intraparenchymal, intraventricular, and optic nerve
sheath tumors have been reported.

— Unlike meningiomas, they are almost always solitary, do
not contain calcifications, and there is an increased predi-
lection for proximity to venous sinuses. They may be
solid or have cystic components.

— Skull base tumors may mimic aggressive primary bone
tumors such as Ewing sarcoma, showing lytic destruction
as opposed to the typical hyperostosis characteristic of
meningioma.

— Neuroimaging studies (both CT and MRI) show them to
be sharply demarcated dural-attached tumors with
intense enhancement following contrast administra-
tion (Fig. 10.1a, b). They are iso- to hyperintense on
T1 and iso- to hypointense on T2-weighted imaging
(Fig. 10.1b, c).

— Angiography typically reveals extensive tumoral vascu-
larity, often with dual cortical and meningeal supply, and
sometime corkscrew-shaped feeding vessels
(Fig. 10.1d).

Lipomas are the most common of the benign mesenchymal

lesions, showing both intracranial (midline) and spinal

localization, whereas most sarcomas are supratentorial with
the exception of rhabdomyosarcomas, which are often
infratentorial.

Chondrosarcomas tend to arise in the region of the base

of skull.

Whereas the neuroimaging appearance of dural mesenchy-

mal lesions is nonspecific (Fig. 10.1e), lipomas appear as

circumscribed lesions with high-signal intensity of

T1-weighted MR images.

10.4 PATHOLOGY

Gross pathology:

— Resection specimens of HPC and other sarcomas are usu-
ally composed of firm, fleshy to overtly hemorrhagic tis-
sue and/or necrotic tissue, HPC often showing grossly
visible vascular spaces. Brain invasion may be seen in
some. Lipomas are bright yellow and lobulated.

Intraoperative cytologic imprints/smears:

— Hemangiopericytomas are notable for cells with oval to
spindled nuclear profiles, inconspicuous nucleoli, and a
“ferning out” of blood vessels (Fig. 10.2a).
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— Sarcomas are quite variable in their cytomorphologic
appearance, though most often contain variably pleomor-
phic spindled cells, sometimes with identifiable mitoses,
and a necrotic and/or hemorrhagic background. Smear
preps of lipomas show only mature adipocytes.

Histology:

— Meningeal hemangiopericytomas resemble their non-
CNS counterparts, and are typified by
— A monomorphous population of randomly oriented

oval to spindle-shaped cells with scant cytoplasm,
indistinct cell borders, and lacking nuclear pseudoin-
clusions or nucleoli (Fig. 10.2b, d).

—  Numerous thin-walled gaping vascular spaces in a char-
acteristic staghorn configuration (Fig. 10.2b, c), and

— A rich reticulin network, with reticulin fibers sur-
rounding individual tumor cells (Fig. 10.2e).

— Anaplastic hemangiopericytoma (WHO grade III)
harbors necrosis and/or elevated mitotic rate
(>5 mitoses per 10 high power fields) and at least
two of the following features-hemorrhage, nuclear
atypia, and hypercellularity (Fig. 10.3a, b).

—  Areas of hypercellularity may be interrupted by more
sparsely cellular regions with fibrosis, imparting a
biphasic pattern.

— Infiltration of adjacent bone or brain parenchyma is
common; necrosis is uncommon and calcifications
are not seen.

—  The spectrum of mesenchymal tumors particularly
arising in the pediatric age group is broad and includes
benign lesions such as fibrous histiocytoma and
lipoma, fibromatosis, and a wide range of sarcomas
including rhabdomyosarcoma, leiomyosarcoma, syn-
ovial sarcoma, Ewing/PNET, epithelioid sarcoma,
fibrosarcoma, mesenchymal chondrosarcoma, osteo-
sarcoma, myxofibrosarcoma, and pleomorphic sar-
coma. All of these CNS examples are histologically
identical to their counterparts arising elsewhere in the
body (Figs. 10.4a-f).

10.5 IMMUNOHISTOCHEMISTRY

Meningeal hemangiopericytoma has an identical immuno-
histochemical profile as its soft tissue counterpart, showing
diffuse positivity for vimentin, CD99, and bcl-2, and more
variable positivity for Leu-7, CD34, and factor XIIla in
individual tumor cells.

CD34 positivity is generally patchy as opposed to the diffuse
positivity typical of solitary fibrous tumor (Fig. 10.5a-c).
Unlike the strong diffuse positivity for EMA and claudin-1
displayed by meningiomas, staining is typically patchy and
weak for these antibodies in hemangiopericytoma.

They are negative for S-100, CD31, and progesterone recep-
tor; actin, desmin, and cytokeratin (CAMS.2) staining is rare.
The immunoprofile of other mesenchymal lesions likewise
mirrors their non-CNS counterparts.

10.6 ELECTRON MICROSCOPY

Similarly, the ultrastructural findings of meningeal heman-
giopericytoma are like those of hemangiopericytomas origi-
nating elsewhere in the body.

Characteristic features include tightly packed spindled cells,
each surrounded by basement membrane-like material.
Junctional complexes, including desmosomes, are lacking.

10.7 MOLECULAR PATHOLOGY

No consistent molecular alterations have been detected in
meningeal hemangiopericytoma, though abnormalities of
chromosomes 3, 6p, 7p, 12q, 19q and homozygous deletions
of p16 have been reported in adult series.

They lack deletions of 14q and protein 4.1b typical of men-
ingioma, and similarly deletions of 1p and NF2 are extremely
uncommon in HPC.

EWS and FOXOl-related translocations are characteristic of
Ewing/PNET and alveolar rhabdomyosarcoma, respectively.

10.8 DIFFERENTIAL DIAGNOSIS

Schwannoma may resemble hemangiopericytoma, though
the latter will lack S-100 positivity.

Solitary fibrous tumor, particularly the more hypercellular
examples, will closely mimic hemangiopericytoma, includ-
ing the staghorn vasculature.

Though they do overlap in their immunohistochemical stain-
ing pattern, solitary fibrous tumors are typically more dif-
fusely positive for CD34, contain frequent and diffuse areas
of hyalinization and collagen deposition, have only rare
mitoses, and have a sparse pattern of reticulin staining with
positivity around clusters of cells in contrast to the fine
intercellular network typical of hemangiopericytoma.
Meningiomas also entered into the differential diagnosis of
HPC and other mesenchymal tumors.
Hemangiopericytomas, as noted above, can most effectively
be differentiated by demonstration of strong staining for
bel-2 and CD99; they likewise lack strong staining for EMA
and claudin as is most typical for meningioma.

They will likewise show the ultrastructural feature of peri-
cellular basement membrane-like material (correlating with
the rich reticulin network), a feature not present in menin-
giomas. In contradistinction, detection of deletions of 14q
or protein 4.1b will also effectively rule out
hemangiopericytoma.

10.9 PROGNOSIS

Given the rarity of HPCs in children, the corresponding sur-
vival statistics have not yet been worked out. In adults, the
following have been described:

— Local recurrence is encountered in over 80% of cases and
after a mean period of 3 years after surgery, seemingly
irrespective of adequacy of initial resection.

— Effective control of recurrence may be afforded by
additional excision, radiotherapy, or gamma knife
radiosurgery.

— Extraneural metastasis may be seen up to 50% of patients,
common sites of metastasis include bone, lung, liver,
abdominal cavity, and elsewhere within the CNS.

— Histology is predictive of survival time and rate of recur-
rence, patients with anaplastic tumors living half as long
as those with differentiated tumors and with a much
higher rate of recurrence.
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e Whereas benign mesenchymal CNS lesions are curable
surgically, sarcomas are quite aggressive and associated
with poor outcomes. Local recurrence and distant metasta-
ses, including outside the CNS, are common.
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Fig. 10.1. (a) Coronal T1-w post-Gd MR image of a small parasagittal hemangiopericytoma showing homogeneous contrast enhancement of this
dural-based nodule. (b) Coronal T1-w post-Gd MR image of a huge hemangiopericytoma with solid and cystic areas and heterogeneous contrast
enhancement. (¢) Axial T2-w imaging from this same tumor show heterogeneous signal intensity and multiple cysts, and angiography (d-venous
phase) highlights tortuous feeder vessels entering this highly vascular lesion. (e) Coronal T1-w post-Gd MR image of a solitary fibrous tumor,
arising as homogeneously enhancing dural-based nodule (Fig. 10.1e courtesy of Dr Mural Gokden, University of Arkansas, Little Rock, AK,

USA).
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Fig. 10.2. (a) Cytologic smear preparation of hemangiopericytoma showing patternless sheets of spindled cells; whorls and intranuclear
cytoplasmic invaginations (pseudoinclusions) are not present. (b, ¢); Typical histologic appearance of hemangiopericytoma showing randomly
oriented spindled cells with scant cytoplasm and indistinct cell borders, and the characteristic “staghorn” gaping vasculature. (d) Nuclei are fairly
monotonous with indistinct tiny nucleoli and lacking of nuclear pseudoinclusions. (e) Abundant reticulin is present, including investments
around individual tumor cells.
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Fig. 10.4. (a) Ewing/PNET with monotonous sheets of small round blue cells, showing strong membranous positivity for CD99. (b)
Rhabdomyosarcoma with scattered characteristic strap cells (¢) by immunohistochemistry, this tumor showed strong positivity for both desmin
(d) and myogenin (e). Fig. (f) depicts a pleomorphic sarcoma with numerous bizarre nuclei, several with prominent nucleoli.
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Fig. 10.5. Hemangiopericytoma is consistently positive for bcl-2 (a) and CD99 (b). Factor XIlla stains scattered individual tumor cells (c),
though this staining pattern may similarly be encountered in meningiomas (Pictures courtesy of Dr Arie Perry, Washington University, St Louis,

MO, USA).
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11.1 OVERVIEW

Dural-based lesions thought to derive from the leptomenin-
geal melanocytes. These include both circumscribed mass
lesions melanocytoma and malignant melanoma, as well as
diffuse leptomeningeal melanocytosis and its malignant
counterpart melanomatosis.

Diffuse melanocytosis is strongly linked to the rare congeni-
tal autosomal dominant phakomatosis neurocutaneous mel-
anosis (Touraine syndrome), the affected patients in addition
harbor large and/or multiple cutaneous congenital nevi.
These patients are at significantly heightened risk for devel-
opment of leptomeningeal melanoma or melanomatosis.

11.2 CLINICAL FEATURES

Leptomeningeal melanocytosis and primary melanomas
make up the bulk of pediatric melanocytic lesions; melano-
cytomas may occur in all age groups, though most arise in
middle-age adults.

Children with neurocutaneous melanosis and melanocytosis
typically present before 2 years of age, and there is no gen-
der or racial bias.

Primary CNS melanomas are rarely reported below the 2nd
decade of age, apart from when they arise in the context of
neurocutaneous melanosis.

The clinical presentation is variable and relates either to
increased intracranial pressure secondary to hydrocephalus,
or localized parenchymal compromise due to compression/
mass effect or direct parenchymal infiltration (in the case of
the malignant lesions).

11.3 NEUROIMAGING

Leptomeningeal melanocytosis and melanomatosis may
involve large expanses of the leptomeninges, with a predi-
lection for the regions of the temporal lobes, cerebellum,
and brainstem.

Both may appear as diffuse thickening and contrast enhance-
ment of the leptomeninges, sometime with foci of
nodularity.

Though they have been described throughout the neuroaxis,
melanocytomas most frequently involve the cervical and
thoracic spinal regions, presenting as dural-based lesions or
in association with the nerve roots. Because of their high
melanin content, they are characteristically iso-intense to
hyperintense on 7/ weighted MR images, hypo-intense on

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
DOI 10.1007/978-1-4419-1062-2_11, © Springer Science + Business Media, LLC 2010
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T2, and show homogeneous contrast enhancement
(Fig. 11.1a).

Melanocytomas of Meckel’s cave are associated with ipsi-
lateral nevus of Ota.

Melanomas often show similar neuroimaging characteristic
to melanocytoma (depending upon their melanin content);
in addition they often have associated 72-hyperintense

vasogenic edema in the nearby parenchyma.

11.4 PATHOLOGY

Gross pathology:

— Diffuse lesions (melanocytosis/melanomatosis) present
as dense discoloration of the leptomeninges, ranging from
a dusky clouding to dense dark brown to black
hyperpigmentation.

— Melanocytoma and melanoma appear as solid extraaxial
masses, their coloration dependent upon their overall
melanin content; they may be black, brown, blue, or flesh-
colored.

Cytology findings:

— Smear preparations of melanocytoma contain dispersed
and perivascular aggregates of bland oval to spindle-
shaped cells with small nucleoli and long cytoplasmic
processes. Fine or course melanin pigment are easily
detected, often more so than in frozen intraoperative
specimens.

— Malignant melanoma cells detected on smears or in CSF
samples have a similar appearance to peripheral malig-
nant melanomas, being epithelioid to spindled with sig-
nificant nuclear pleomorphism; cytoplasmic melanin may
or may not be present.

Histology:

All of these lesions are composed of cells with melanocytic

differentiation, most showing melanin pigment within the

tumor cells themselves, intermixed stromal cells and
melanophages.

Rare amelanotic examples of melanoma or melanocytoma

occur, the diagnosis in these instances is reliant upon immu-

nohistochemical and ultrastructural analysis.

Diffuse leptomeningeal melanocytosis is a diffuse prolifera-

tion of cytologically bland leptomeningeal melanocytes of

variable shape (spindled to epithelioid).

— These cells often accumulate within Virchow-Robin
spaces; overt invasion into CNS parenchyma constitutes
evidence of malignant progression (melanomatosis).

Melanocytomas are composed of variably-pigmented spin-

dled to oval cells forming syncytial nests, sometimes with

whorl formations resembling meningioma. Fascicular or
sheeted architecture may be seen.
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— The cells have rounded to oval bland nuclei and small
nucleoli.

— Atypia and mitoses are not features.

— NS parenchymal invasion and elevated mitotic rate
are features indicative of propensity for more aggres-
sive biologic behavior (Fig. 11.1b—e).

e Malignant melanomas are histologically akin to melanomas
elsewhere in the body, composed of spindled to epithelioid
cells with variable cytoplasmic pigment, arranged in cohe-
sive nests, sheets, or sweeping fascicles.

— They frequently show significant cytological atypia
with enlarged pleomorphic nuclei, prominent nucle-
oli, and numerous mitoses, including atypical forms
(Fig. 11.2a—c).

— Overt CNS parenchymal invasion and/or necrosis are
commonly present.

11.5 IMMUNOHISTOCHEMISTRY

o All of these pigmented lesions share a similar immunohis-
tochemical profile, being positive for S-700 (Fig. 11.3a) and
melanocytic markers HMB-45 and MARTI (Melan A)
(Fig. 11.3b), with variable positivity for vimentin and NSE.
They are negative for EMA, GFAP, and cytokeratin.

Ki67 labeling is elevated in melanomatosis and melanomas.

11.6 ELECTRON MICROSCOPY

e Similarly, they all contain melanosomes, and all lack des-
mosomes and interdigitating cell processes typical of men-
ingiomas and basement membrane material surrounding
individual cells as seen in schwannomas.

11.7 MOLECULAR PATHOLOGY

e Apart from the aforementioned link between diffuse lep-
tomeningeal melanocytosis and neurocutaneous melanosis
syndrome, thus far no specific genetic/molecular alterations
have been identified in any of these pigmented lesions.

11.8 DIFFERENTIAL DIAGNOSIS

e All of these primary CNS melanocytic lesions need to be
differentiated from the following tumors:
— Metastatic malignant melanoma, as this shares identical
histologic, immunohistochemical, and ultrastructural fea-
tures with primary CNS melanoma, identification of a
primary lesion outside the CNS by radioimaging or other
studies is critical.
— Meningioma may mimic these melanocytic lesions, espe-
cially melanocytoma; as noted above, meningiomas are
typically EMA positive, will lack melanocytic markers

and melanosomes, and will have interdigitating cell pro-
cesses and desmosomes.

— A number of other primary CNS tumors may show pig-
mentation, including schwannoma, neurofibroma,
medulloblastoma, choroid plexus tumors, and some
gliomas. Thankfully, most of these do not resemble these
melanocytic tumors from a histologic standpoint; in diag-
nostically difficult instances, immunohistochemical and
ultrastructural evidence of the corresponding cell of ori-
gin can be accurately ascertained. Schwannomas, for
instance, have intervening basement membrane surround-
ing individual tumor cells. GFAP-positive intermediate
filaments are a feature of gliomas, and choroid plexus
tumors are positive for transthyretin and have surface
microvilli and cilia.

11.9 PROGNOSIS

¢ Diffuse leptomeningeal melanocytosis has a generally poor
prognosis, independent of the increased risk of malignant
progression to melanomatosis.

e Melanocytomas are unpredictable; often there is cure with
complete resection, however occasional lesions will show
local recurrence or may undergo malignant transformation.

e Frank CNS parenchymal infiltration correlates strongly with
this tendency for aggressive biologic behavior.

e Melanomas are highly aggressive tumors, radioresistant,
and carry a very poor prognosis with frequent metastasis
both within and outside the CNS to peripheral organs.
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Fig. 11.1. (a) This axial T1-weighted post-gadolinium MR image shows a well-demarcated homogeneously-enhancing melanocytoma situated
in the cerebellopontine angle, an uncommon location for this tumor. (b) At low power, this melanocytoma superficially resembles meningioma
with bland spindle cells forming broad fascicles. Note occasional darkly pigmented cells. (¢) Pigmentation is more obvious in this example. (d)
This melanocytoma showed vague whorl formations, a small nest of lightly pigmented cells notable in the lower right corner. (e) At higher power,
the same melanocytoma as in B contains bland oval nuclei with small nucleoli. Pleomorphism and mitotic figures are lacking. (Pictures courtesy
of Drs Robert Schmidt and Arie Perry, Washington University, St Louis, MO and Dr Murat Gokden, University of Arkansas, Little Rock, AR).
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Fig. 11.2. (a—c) Primary pediatric leptomeningeal melanoma containing a generally patternless arrangement of variably pigmented cells, many
with striking nuclear pleomorphism. Note atypical mitotic figure to the left of center in Fig. 11.2b.

Fig. 11.3. Immunohistochemical staining of the melanocytoma in Fig. 11.1b demonstrating strong diffuse positivity for (a) S-7100 and (b) MART1
(Melan A) (Pictures courtesy of Dr Murat Gokden).
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12.1 OVERVIEW

e Hemangioblastomas are highly vascular tumors that are
typically benign and slow-growing, corresponding to WHO
grade L.

e They may occur sporadically or in the context of Von Hippel-
Lindau (VHL) syndrome (see Sect.F); the former
predominates.

e They have also been referred to as capillary hemangioblas-
tomas. Though it is clearly the stromal cell that is the neo-
plastic component in these tumors, the underlying cell of
origin has yet to be determined.

12.2 CLINICAL FEATURES

e They are uncommon CNS tumors in all age groups, most
frequently arising in adults, though often presenting in chil-
dren when associated with VHL. No gender predilection is
apparent.

e Clinical signs and symptoms are most often encountered
with large tumors and are related to mass effect either from
the tumor itself, expansion of an accompanying cyst, or
peritumoral edema. Intracranial examples may, therefore,
cause ataxia, dysmetria, or hydrocephalus with signs/symp-
toms of increased intracranial pressure. Spinal tumors may
cause radiculopathies and/or pain.

Tumor production of erythropoietin may lead to polycythemia.
Spontaneous hemorrhage has occasionally been documented.

12.3 NEUROIMAGING

e Sporadic hemangioblastomas most often arise within the
cerebellar hemispheres, whereas those arising within the
context of VHL may occur anywhere within the CNS,
including the brain stem/cerebellopontine angle, spinal cord,
and cranial nerves and nerve roots.

e Supratentorial localization is quite uncommon; unusual sites
of occurrence include the pineal region, filum terminale, and
extraneural locations. Tumor multiplicity may be encoun-
tered in VHL patients.

e Neuroimaging studies typically demonstrate a cystic lesion
with heterogeneously contrast-enhancing mural nodule
(Fig. 12.1a).

e Solid portions of tumor are typically isointense on T1 and
hyperintense on T2-weighted MR images (Fig. 12.1b and
12.2a). They typically show high signal on apparent diffu-
sion coefficient (ADC) map (Fig. 12.1c¢).

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,

Flow voids corresponding to large vessels may be encoun-
tered, angiography often showing an arteriovenous malfor-
mation-like tangle of vessels (Fig. 12.2b).

12.4 PATHOLOGY

Gross pathology: Resection specimens are usually com-
posed of firm, fleshy to overtly hemorrhagic tissue, often
with grossly visible vascular spaces (Fig. 12.3a, b).
Intraoperative cytologic imprints/smears: Intraoperative
smears and samples of cystic fluid typically contain blood
along with abundant stromal cells with hyperchromatic
nuclei and lace-like vacuolated cytoplasm. (Fig. 12.4).Small
vessels/stripped endothelial cells, macrophages, and calci-
fied material may also be present.

Histology: Hemangioblastomas are composed of a combi-

nation of stromal cells and a rich vascular network.

— The stromal cells, representing the neoplastic component
of this lesion, are quite variable in their morphologic
appearance. Characteristically, they contain small bland
nuclei and abundant vacuolated, lipid-rich cytoplasm
(Fig. 12.5a, b). On occasion, they may take on a more
spindled morphology with less obvious cytoplasmic vac-
uolization, and nuclear pleomorphism may be prominent
(Fig. 12.5c¢, d).

— The vascular component consists of numerous capillaries
sprinkled throughout the tumor, together with scattered
larger feeding (and draining) vessels.

— Either of these two components may range from predomi-
nant to inconspicuous and sometimes abundant vascula-
ture (Fig. 12.6a), intratumoral hemorrhage or extensive
sclerosis may significantly mask the stromal cell
component.

— Areticulin-rich network is invariably present (Fig. 12.6b);
it is especially prominent in the highly-vascular reticular
variant, notable for small compact nests of stromal cells;
in the cellular variant, broad sheets of stromal cells are
uninterrupted by reticulin.

— Whereas mitotic figures are quite uncommon, mast
cells and extramedullary hematopoiesis are frequently
present.

— These lesions are sharply demarcated, the surrounding
brain often showing a striking astrogliosis sometimes
mimicking a pilocytic astrocytoma, replete with Rosenthal
fibers and eosinophilic granular bodies.

12.5 IMMUNOHISTOCHEMISTRY

The stromal cell and vascular components show significantly
different immunoexpression patterns:
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e Stromal cells are consistently positive for vimentin, alpha-
inhibin, D2-40, and aquaporin, while variably positive for
S-100, NCAM, NSE, erythropoietin, EGFR, VEGF, alpha-
1-antitrypsin and antichymotrypsin. (Fig. 12.7a—c).

e Progesterone receptor and Factor XIIIa positivity have also
been reported in a high percentage of cases. They may be
focally positive for GFAP, keratin, EMA, or desmin, while
specific neuronal markers (neurofilament, synaptophysin,
and chromogranin) and endothelial cell markers CD31,
CD34 and VWF are typically negative.

e Endothelial cells are consistently positive for CD31, CD34,
and VWF (Fig. 12.7d).

12.6 ELECTRON MICROSCOPY

e At the ultrastructural level, hemangioblastomas contain
three cell types: endothelial cells lining fenestrated vascular
channels, pericytes ensheathed by basal lamina, and stromal
cells. Stromal cells often contain lipid droplets, and may
contain intracellular caveolae consistent with early capillary
lumina, or small Weibel-Palade bodies.

e Transitional forms of these three cellular constituents may
be present.

12.7 MOLECULAR PATHOLOGY

e Whereas germline mutations of the VHL gene are the norm
in familial (VHL disease-associated) hemangioblastoma,
loss or inactivation of this gene occurs in up to 50% of spo-
radic cases.

e Recent studies have indicated that inactivation of the ZACl1
gene (6g24-25) may also play a role in the development of
hemangioblastoma, particularly non-VHL-associated cases.

12.8 DIFFERENTIAL DIAGNOSIS

e C(Clear cell renal cell carcinoma (RCC) is an important diag-
nostic consideration, particularly in VHL patients who may
have both hemangioblastoma and RCC.

— Both contain cells with clear, lipid-rich cytoplasm with
variable vascular investments, though the cells of RCC
tend to have more monotonous nuclear profiles and less
reticulin positivity compared to hemangioblastoma.

— Definitive diagnosis typically relies upon demonstration
of immunopositivity for markers such as D2-40, inhibin,
and aquaporin 1 in hemangioblastoma and for CD10,
RCC, EMA, and cytokeratin AE1/AE3 in RCC.

e Several meningioma variants may mimic hemangioblas-
toma, especially the microcystic, clear cell, and angioma-
tous subtypes, as well as those with xanthomatous areas.

— Unlike hemangioblastoma, all of these meningiomas are
expected to show diffuse EMA positivity and should lack
expression of the multiple markers of hemangioblastoma
listed above.

e Hemangioblastoma may mimic intraparenchymal vascular
lesions, especially capillary hemangioma; the latter will
lack vacuolated stromal cells.

e Macrophages may closely resemble the bubbly stromal cells
of hemangioblastoma; CD68 will confirm the identity of the
former.

12.9 PROGNOSIS

e Surgical resection is the treatment of choice, and affords
excellent recurrence-free and overall survival outcomes.

e Management of hemangioblastoma in VHL patients is more
difficult, given the tendency of these patients to develop
multiple lesions.

e Lifelong follow-up is required, with treatment indicated for
symptomatic lesions and also for those asymptomatic tumors
exhibiting radiographic progression.

e Fractionated external beam radiotherapy may be helpful in
those patients with extensive intracranial and/or spinal dis-
ease, and in treating residual or recurrent lesions.

e Tumor embolization in select cases may facilitate complete
resection with reduced blood loss.
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Fig. 12.1. Axial MR imaging (a) TI-w post-Gd showing classic posterior fossa localization with cyst bearing an enhancing mural nodule, and (b)
T2-weighted image of same patient showing hyperintense cyst fluid and solid nodule of heterogeneous intensity with scattered flow voids.
(¢) Axial ADC map shows a high signal corresponding to this tumor.

Fig. 12.2. Sagittal T2-w MR image (a) showing heterogeneously hyperintense hemangioblastoma arising in the cervical cord, while angiography
(b) confirms an AVM-like tangle of vessels within the lesion.
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Fig. 12.3. (a) Intraoperative view of a cervicomedullary fleshy red
nodule with adjacent cyst and large feeder vessels. (b) Cut surface of
hemangioblastoma surgical specimen from a different patient shows
firm red-brown hemorrhagic tissue with variably sized vascular
spaces.

Fig. 12.4. H & E cytologic smear preparation showing sheets of cells
with abundant sometimes vacuolated cytoplasm with hyperchromatic
nuclei of variable configuration.
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Fig. 12.5. Stromal cells of hemangioblastoma characteristically have small bland nuclei and abundant vacuolated cytoplasm (a), one may also
encounter cells resembling clear cell renal cell carcinoma (b), spindle cell morphology (¢), or cells with striking nuclear pleomorphism (d).

Fig. 12.6. (a) Abundant vasculature in this example effectively masks the diagnostic stromal cells. (b) Hemangioblastomas characteristically
harbor a rich reticulin network.
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Fig. 12.7 Stromal cells of hemangioblastoma are diffusely positive for vimentin (a) and variably positive for S-100 (b) and neuron specific
enolase (¢); CD31-positive vessels (d) stand out from the background of non-staining stromal cells.



Section D: Tumors of Cranial and Spinal Nerves

Tarik Tihan

Abstract This section presents (in three separate chapters) the major subgroups of tumors associated
with cranial and spinal nerves including benign peripheral nerve sheath tumors (schwannoma and
neurofibroma), followed by the chapter on malignant peripheral nerve sheath tumors.
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13.1 OVERVIEW

A well-defined, benign neoplasm believed to arise from

schwann cells, also known as neurilemmocytes, thus the

alternate name neurilemmoma.

Schwannomas are typically seen in adults between the fourth

and the sixth decades, and are extremely rare in children.

— In a large referral center, only 0.7% of all schwannomas
occurred in children during a 10-year period.

— Pediatric schwannomas often occur in the setting of NF2.

Both spinal and intracranial schwannomas show a predilec-

tion for sensory nerves, and the most common intracranial

location is the 7-8th vestibulo-acoustic nerve complex.

The incidence for schwannomas of the 8th nerve (vestibular

schwannomas) has been reported as 0.6 per 100,000 person

years.

Schwannomas may be associated with irradiation during

childhood, but such tumors are typically diagnosed later in

life.

Schwannomatosis, a disorder genetically distinct from NF2,

includes multiple peripheral and intracranial schwannomas.

13.2 CLINICAL FEATURES

Most children would suffer tinnitus or hearing loss, but

schwannomas may go unnoticed for many months or years

until cerebellar symptoms or signs of increased intracranial
pressure emerge.

The standard treatment for schwannomas is surgical

resection.

— Some reports also suggest using vascular embolization
prior to surgery.

— It is important to be aware of prior embolization when
interpreting histological features of a schwannoma as
there may be significant architectural distortion and
degenerative changes.

Outcomes of patients with NF2 are typically worse than

those of patients with sporadic schwannomas.

13.3 NEUROIMAGING

Schwannomas are often solid and occasionally solid and
cystic extra-axial masses.

On CT scans, tumors often distort or enlarge the acoustic
canal and rarely can cause bony erosion.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
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MRI reveals a well-defined mass that is isointense or hypo-
intense on TIl-weighted images, and hyperintense on
T2-weighted images (Figs. 13.1 and 13.2).
The majority of tumors show moderate to strong homoge-
nous enhancement on post-contrast T1-weighted images.

— Cystic tumors and tumors that have been embolized

demonstrate variable contrast enhancement.

Solid portions of schwannomas are isointense to normal
parenchyma on DWI images (no restriction).
Schwannomas are often seen as hypovascular masses on
angiography.

13.4 PATHOLOGY

Histopathological features of schwannomas in children are

essentially similar to those in their adult counterparts.

— However, due to the rarity of these neoplasms in children,
a detailed comparison of histological patterns in both age
groups is lacking.

Intraoperative smears:

— The cohesive nature of schwannomas does not allow easy
smearing and disaggregation into individual cells, even in
forcefully prepared samples. This alone is often a hint of
the possibility of diagnosis in the right clinical setting
(Fig. 13.3).

— Smears often yield valuable information on the mesenchy-
mal and collagenous background and highly convoluted,
irregular nuclei that distinguish them from meningiomas.

— In most smears, there is a mild nuclear pleomorphism,
degenerative nuclear atypia, and rare pseudo-inclusions
or calcifications.

It is often difficult to exclude or confirm the presence of
a low grade malignant peripheral nerve sheath tumor
on the basis of cytological features alone.

Frozen section:

— Schwannomas often demonstrate marked nuclear freez-
ing artifacts, and this may lead to an impression of a
malignant neoplasm (Fig. 13.4).

— Tumors in children tend to appear much more cellular and
homogenous than those in adults. Therefore, it is advis-
able to be cautious in interpreting the cellularity of
schwannomas in frozen sections.

Routine microscopic features:

— The classical biphasic appearance of schwannoma is not a
common feature in pediatric schwannomas (Fig. 13.5).

— Pediatric schwannomas are usually uniformly hypercellu-
lar, and often demonstrate the cellular patterns which include
palisaded arrangement of cells termed Verocay bodies.

— The thickened and hyalinized vasculature of adult schwan-
nomas is not a typical finding in pediatric tumors.
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— Schwannomas in children can have pleomorphic or
bizarre nuclei, but these are few in number and degenera-
tive changes leading to such designations as “ancient”
schwannoma are rare.

—  While a typical schwannoma lacks mitotic figures, rare mito-
ses may be seen in a pediatric schwannoma (Fig. 13.6).

— Intracranial schwannomas in children are also likely to dem-
onstrate hemosiderin deposits and reactive vascular changes.

— While most schwannomas in children appear somewhat
hypercellular, true “cellular schwannoma”, which is usu-
ally diffusely hypercellular, is extremely uncommon.

— Exceedingly rare are peritumoral chronic inflammatory
infiltrates, melanin or lipofuscin pigment, or an epithelioid
pattern.

—  Plexiform schwannomas are also rare variants regardless of
age group, although they have been reported in children.
Cellular schwannoma is a variant showing a predominantly
compact cellular growth, without appreciable cellular pali-
sades or Verocay bodies, but with the typical ultrastructure

of schwannomas.

— Architecturally, these tumors differ from conventional
schwannomas by their lack of well-formed capsules and
degenerative changes.

— The plexiform variant of cellular Schwannoma has also
been reported in children.

13.5 IMMUNOHISTOCHEMISTRY

Schwannomas show strong and diffuse cytoplasmic and

nuclear immunoreactivity with antibodies against S-100

protein, as well as cytoplasmic positivity for vimentin.

— This immunopositivity is also readily observed in cellular
schwannomas.

Most schwannomas are reactive for Leu 7, a monoclonal

antibody against human natural killer cells with the same

antigenic determinant as myelin-associated glycoprotein.

— Calretinin is also suggested to be positive in most
schwannomas.

Staining for laminin and collagen type IV highlights the

elaborate basement membrane material and can aid in dif-

ferentiating schwannomas from meningiomas.

Even though the majority of Schwannomas are negative for

neurofilament protein thus allowing differentiation from neu-

rofibromas, some neurofilament-positive axons may be pres-

ent in the conventional and cellular variants of some

schwannomas, confounding this issue (Fig. 13.8).

Cellular schwannomas share the same immunohistochemi-

cal profile as conventional schwannomas.

Schwannomas lack immunohistochemical staining for epi-

thelial membrane antigen (EMA) and glial fibrillary acidic

protein (GFAP).

13.6 ELECTRON MICROSCOPY

Schwannomas feature spindle, bipolar cells with aligned
and tangled processes.

A single or duplicated layer of pericellular basement mem-
brane separates the cells lacking highly specialized intercel-
lular junctions with only rudimentary forms.

Striated clusters of “long spacing collagen” also known as “Luse
bodies” are present in many conventional schwannomas.

There are scattered arrays of intracellular and extracellular
intermediate filaments (Fig. 13.7).

Schwann cells often contain elaborate perinuclear collec-
tions of lysosomes, and demonstrate a rich rough endoplas-
mic reticulum network.

The vessels often reflect the extent of hyalinization through
thick and prominent basement membranes.

13.7 MOLECULAR PATHOLOGY

Recent advances in molecular biology have led to a better

understanding of the cause of schwannomas. Mutations in

the NF2 gene have been well known both in sporadic and

NF-associated tumors.

A significant portion of schwannomas demonstrate allelic

losses in chromosome 22 and NF-2 gene inactivation, which

is considered an early event in tumor development.

— Interactions of merlin, the protein product of the NF2
gene, with other cellular proteins are beginning to give us
a better idea of NF2 function and the pathogenesis of ves-
tibular schwannomas.

13.8 DIFFERENTIAL DIAGNOSIS

The differential diagnosis of a schwannoma is considered in
terms of its location in the spinal cord, skull base, or cere-
bellopontine angle.

— At each of these locations, the differential diagnosis
includes a host of lesions, but typically narrows down
to a small group of extra-axial entities including
meningiomas, mesenchymal non-meningothelial
tumors, and other rare entities including non-neo-
plastic lesions.

Schwannomas and meningiomas share common features

such as spindled cells, foci rich in collagen, xanthoma cells,

and rarely palisading of cells.

— Psammoma bodies and tight whorls are distinctive fea-
tures of the meningiomas, but poorly-formed whorls may
be seen in NF2-associated schwannomas, and some can
even harbor psammoma bodies.

— Reticulin stains show arich, elaborate, and distinctly peri-
cellular network of basal membrane formation in schwan-
nomas, and this feature is also highlighted by laminin or
collagen IV immunostaining; this feature is not typically
seen in meningiomas.

— Staining for S-100 protein, although typical of schwan-
nomas, is not a reliable criterion. Approximately 20% of
meningiomas show immunoreactivity for this protein, yet
staining is typically more focal and less intense than in
schwannomas.

— In addition, meningiomas are reactive for epithelial mem-
brane antigen, whereas schwannomas do so only infre-
quently, and lack membranous staining.

A second differential diagnosis is between neurofibroma
and schwannoma, and more often problematic than with
meningioma. While neurofibromas appear to blend with or
infiltrate into peripheral nerves, schwannomas are often
solid and have a well-defined capsule. Staining for neuro-
filament protein highlights far more of the background
axonal elements in neurofibroma as compared to that in
schwannoma.
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Fig. 13.2. Axial T2-weighted image of a schwannoma in the region
Fig. 13.1. Axial MR contrast enhanced T1-weighted image of a cere- of left Meckel’s cave and cavernous sinus. Note the variable T2
bellopontine angle schwannoma in a 16-year-old child with NF2. hyperintensity.

Fig. 13.3. Intraoperative smears typically reveal markedly irregular convoluted nuclear morphology. Note the inability to disaggregate the tissue
on smears which can be a clue to the diagnosis (inset).
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Fig. 13.4. Frozen section of a cerebellopontine angle schwannoma in a 6-year-old child showing a dense hyalin background and marked nuclear
pleomorphism, caused partially by the freezing artifact.
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Fig. 13.5. Histological appearance of schwannomas in children. The classical biphasic appearance seen in adults in often not conspicuous in pedi-
atric tumors: (a) spindled densely cellular tumor with collagenous stroma; (b) markedly hyalinized vasculature and abortive Verocay body forma-
tions; (c¢) hypercellular nodule with distinct boundary; (d) palisaded, polar-spongioblastoma-like pattern; (e) prominent Verocay body formation.
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Fig. 13.7. Ultrastructural features of Schwannoma: The typical finding is the “long-spaced” collagen, also known as the Luse body (arrow) and
the prominent basement membrane formation around tumor cells. Also note the abundant extracellular collagen.
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Fig. 13.8. Immunohistochemical staining for neurofilament protein (SM311) showing a rare neurofilament-positive fibril. Neurofilament positiv-
ity is far less prominent in schwannomas compared to that in neurofibromas and can be used in the differential diagnosis.
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14.1 OVERVIEW

o Infiltrative and typically benign tumor of peripheral nerves
that can occur as a solitary or diffuse mass in the subcutis,
soft tissue, or along peripheral nerves.

e The tumor is believed to consist of a mixture of cell types
including schwann cells, perineurial cells, and fibroblasts.
Neurofibromas are considered WHO Grade I neoplasms.
Some neurofibromas, especially plexiform neurofibromas,
often occur in the setting of neurofibromatosis-1 (NF1).

14.2 CLINICAL FEATURES

e Most cutaneous neurofibromas present as slow-growing
painless masses that are freely movable under the skin.

e Spinal cord examples can present with sensory loss and
weakness, and are typically seen in the setting of NF1.
— Spinal neurofibromas in NF1 are more likely to result in

the sacrifice of the nerve root.

e Stigmata for NF1 should be sought in patients with neurofi-

bromas, especially with multiple or plexiform lesions.

14.3 NEUROIMAGING

e Neurofibromas are moderately to strongly enhancing infil-
trating masses that appear “worm-like” within the scalp or
the orbit.

e Plexiform neurofibromas are highly tortuous enhancing
masses along the larger peripheral nerves (Fig. 14.1).

e On MRI, neurofibroma is isointense on T1-weighted MR
images and hyperintense on T2-weighted images, and often
enhances strongly post contrast.

e Tumors can be seen in close association with nerve roots or
peripheral nerves (Fig. 14.2). They may demonstrate the
“target sign” on MR with central T2 dark (nerve fibers) and
peripherally T2 bright (myxoid) appearance.

14.4 PATHOLOGY

e Intraoperative smears:
— Like schwannomas, neurofibromas are difficult to smear
and often do not yield single cells or small cell clusters.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,

The large fragments in smear preparations can suggest a
spindled neoplasm with variably myxoid background
(Fig. 14.3).

Frozen section:

— Neurofibromas may show marked pleomorphism on fro-
zen sections, but the spindled and wavy nature of the
tumor cells is characteristic (Fig. 14.4).

— There is a variable amount of myxoid matrix and a vari-
able degree of collagenous background.

— Some cellular neurofibromas are difficult to distinguish
from schwannomas on frozen section.

Microscopic features:

— Neurofibromas typically expand and distort the peripheral
nerve and are composed of a haphazard proliferation of
wavy spindle cells in a myxoid and collagenous
background.

— While most tumor cells have slender, moderately hyper-
chromatic nuclei, rare tumor cells exhibit large and occa-
sionally bizarre nuclei (Fig. 14.5).

— The tumors often blend imperceptively with the adjacent
normal peripheral nerve, and in such areas, a clear separa-
tion is not possible.

— Most neurofibromas contain occasional, but easily identi-
fiable mast cells (Fig. 14.6).

— Reactive changes, hemosiderin, or pigmentation is
extremely rare.

— The vascular network is often delicate, and hyalinized
vessels (typical of schwannomas) are rare.

— The myxoid matrix in neurofibromas is often positive
with Alcian blue stain.

Variants:

— Localized cutaneous neurofibroma is typically a solitary
subcutaneous nodule that is well-defined but not encapsu-
lated. The lesion is usually not associated with a periph-
eral nerve, and located within the subcutis.

— Diffuse neurofibroma is a larger and poorly delineated
lesion, and often involves the adjacent soft tissue beyond
the peripheral nerve. Growth of tumor cells around ves-
sels and adnexal structures is often seen.

— Plexiform neurofibroma is composed of large and small
bundles of distended abnormal fascicles harboring a hap-
hazard growth of cells in a myxoid background.

The proportion of myxoid and collagenous elements, as well

as cellularity, varies greatly.

Foci of tumor may show patterns resembling specialized

neural structures such as Pacinian corpuscles (Fig. 14.7).
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e Typical plexiform neurofibromas do not harbor hypercellu-
lar regions, mitotic figures, or frank anaplastic change, any
of which constitutes evidence for the emergence of a malig-
nant peripheral nerve sheath tumor.

14.5 IMMUNOHISTOCHEMISTRY

e Neurofibromas show strong and diffuse cytoplasmic pos-
itivity for vimentin, as well as cytoplasmic and nuclear
immunoreactivity with antibodies against S-100 protein.

e Neurofibromas harbor many neurofilament-positive axons
than can aid in differentiating these lesions from schwan-
noma variants (Fig. 14.8).

CD34 is focally and variably positive in most neurofibromas.
Plexiform neurofibromas share the same immunohistochem-
ical profile as conventional neurofibromas.

e [t is pertinent to note that epithelial membrane antigen
(EMA) and glial fibrillary acidic protein (GFAP) positivity
are not demonstrable in neurofibromas.

14.6 ELECTRON MICROSCOPY

e Neurofibromas feature spindle, bipolar cells with aligned
and tangled processes, in addition to perineurial-like cells
with stumped processes and incomplete basal lamina, and
fibroblasts without basal lamina and abundant rough endo-
plasmic reticulum.

e The typical long-spaced collagen or Luse body seen in
schwannomas is not found in neurofibromas.

14.7 MOLECULAR PATHOLOGY

o Allelic loss of the NF1 gene region in chromosome 17 occurs
in both NF-1 related, as well as sporadic neurofibromas.

e The NF1 gene and its product neurofibromin act as tumor sup-
pressors and negative regulators of the ras proto-oncogene.

e For additional information see section on NF1.

14.8 DIFFERENTIAL DIAGNOSIS

e The differential diagnosis of neurofibroma is considered in
terms of tumor location: spinal cord, peripheral nerve, soft
tissue, or skin.

— In each of these locations the differential potentially
includes a host of lesions, but typically narrows down
to schwannoma, meningioma, and other rare mesen-
chymal lesions.

e Some schwannomas appear indistinguishable from neuro-
fibromas.

— Neurofibromas often blend with or infiltrate into periph-
eral nerves, while schwannomas are often solid with a
well-defined fibrous rim/capsule.

— Staining for neurofilament protein highlights far more of
the background axonal elements in neurofibroma as
opposed to that in schwannoma.

— It has been suggested that weak and rare calretinin posi-
tivity can distinguish neurofibromas from schwannomas
that are diffusely and strongly positive for this antibody.

e Rarely, a solitary fibrous tumor or a myxofibrosarcoma can
be considered in the differential diagnosis of soft tissue
lesions, but can be easily distinguished on both morphologi-
cal and immunohistochemical grounds.
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Fig. 14.1. Contrast-enhanced CT image of plexiform neurofibroma

involving the brachial plexus in a 16 year-old child with NE-1. Fig. 14.3. Intraoperative smear of a neurofibroma showing dense clus-

ters of cells with a variably myxoid background and irregular wavy
nuclei.

Fig. 14.4. Frozen section from a brachial plexus neurofibroma, with
wavy and some larger irregular-shaped nuclei, in a fibromyxoid
background.

Fig. 14.2. Coronal contrast-enhanced T1-weighted MR image showing
multiple neurofibromas involving nerve roots in a 12 year old child
with NF-1.
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Fig. 14.5. Typical histological features of neurofibroma: (a) markedly myxoid background and monotonous, wavy nuclei; (b) nodular formations
reminiscent of Verocay bodies; (¢) infiltrative border; (d) plexiform neurofibroma. Note the multiple expanded fascicles and surrounding
infiltrative tumor.

Fig. 14.6. High power magnification of a neurofibroma with mast cells.
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Fig. 14.7. (a) Pacinian corpuscle-like formations in a plexiform neurofibroma; (b) trapped ganglion cells in a spinal tumor; and (c¢) trapped adn-
exal structures in a dermal neurofibroma.
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Fig. 14.8. Immunohistochemical staining for phosphorylated neurofilament protein in a typical neurofibroma demonstrating numerous neural
processes. This feature is helpful in differentiating neurofibromas from schwannomas.



Malignant Peripheral Nerve Sheath Tumors
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15.1 OVERVIEW

Malignant neoplasms arising in association with peripheral
nerves and resembling elements of the peripheral nerve are
considered in this category.

These tumors may arise in the setting of neurofibromatosis or
may be seen sporadically in children.

The unequivocal recognition of a high grade sarcoma as
malignant peripheral nerve sheath tumor (MPNST) requires
that the tumor clearly arises from a peripheral nerve, emerge
from a benign peripheral nerve sheath tumor such as neurofi-
broma or schwannoma, or demonstrate histological, immu-
nohistochemical, and ultrastructural evidence of peripheral
nerve tissue differentiation.

15.2 CLINICAL FEATURES

MPNSTSs can occur in children with NF-1 but are otherwise
distinctly uncommon in children in comparison to that in
adult population.

The tumor often presents as an enlarging mass, and may be
associated with pain or dysesthesia, but may not cause either
in most cases.

The patients or their parents observe a recent enlargement of
a preexisting mass.

Weakness, paresthesias, and pain can be observed in some
examples, but are not consistently identified in all
patients.

Most MPNSTs present after the first decade, yet rare
examples affect younger patients or occur as congenital
tumors.

A significant percentage of children with MPNST suffer from
NF-1.

Majority of tumors arise in the extremities, followed by
trunk, and head and neck region.

15.3 NEUROIMAGING

Most MPNSTs are not readily distinguishable, from other
soft tissue neoplasms that can occur in the same anatomic
regions.

— The tumors are typically well-circumscribed and associated

with a peripheral nerve.

Typical MRI appearance is an isointense to hypointense mass
on T1-weighted images, hyperintense on T2-weighted images
with heterogenous contrast enhancement (Fig. 15.1).

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
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15.4 PATHOLOGY

Resection specimens are often large, fusiform, multi-lobular

expansions of peripheral nerves.

A variegated macroscopic appearance with hemorrhagic or

necrotic foci is seen in most MPNSTs (Fig. 15.2).

Intraoperative smears:

— Similar to most mesenchymal tumors, smears from MPNST
often yield cohesive clusters and rare individual cells
(Fig. 15.3).

— Mostly, they are reminiscent of a neurofibroma, but have
more hyperchromatic and pleomorphic nuclei.

— May also demonstrate mitotic figures or cellular debris sug-
gestive of necrosis.

— May be indistinguishable from other mesenchymal
neoplasms.

Frozen section:

— Varied histologic patterns may be seen in frozen sections,
but typically the overall impression is that of a sarcoma
(Fig. 15.4).

— Cellular pleomorphism is often exaggerated and the typical
architectural features may not be readily identifiable.

— One distinctive pattern is the palisaded or the polar spongio-
blastoma-like appearance (Fig. 15.5).

Histology

— Microscopically, most tumors are highly cellular and are
composed of spindle cells with hyperchromatic nuclei and
indistinct cytoplasm. Tumors can show a variety of architec-
tural patterns including fascicular, whorled, palisaded,
biphasic, nested, and focally myxoid designs (Fig. 15.6).

— Tumor nuclei are typically hyperchromatic and spindled.
Most tumors have foci with highly convoluted or wavy
nuclei reminiscent of a neurofibroma (Fig. 15.3).

— The tumor cells may form loose angiocentric arrangement
around thin-walled, delicate blood vessels (Fig. 15.6).

— Rare examples have foci of small cells reminiscent of
PNET.

— Extremely rare examples demonstrate epithelioid pattern
with gland-like formations, goblet cells, or columnar epithe-
lial arrangement.

— Rhabdoid or hemangiopericytoma-like patterns can be
observed in some pediatric tumors.

— Divergent differentiation can be seen in about a quarter of
the tumors and may include osteoid, chondromatous,
angiosarcomatous, and liposarcomatous areas. Some tumors
may arise in the setting of a neurofibroma (or less commonly
schwannoma) and can show rhabdomyosarcomatous, primi-
tive neuroectodermal tumor-like and epithelial/glandular
differentiation.
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e Variants

— Triton Tumor or malignant triton tumor is a variant of
MPNST with rhabdomyoblastomatous differentiation and
carries a grim prognosis.

— Triton tumors have been described in children, but are dis-
tinctly rare.

— These tumors are often high grade sarcomas and have been
reported mostly in young adults and occasionally in
children.

e FElectron microscopy

— Rhabdoid or hemangiopericytoma-like patterns can be

observed in some pediatric tumors.

15.5 IMMUNOHISTOCHEMISTRY

e The immunohistochemical identification of MPNST can be
challenging, especially for poorly differentiated and highly
anaplastic neoplasms.

e The typical S-100 protein positivity of benign and well-
differentiated MPNSTs may not be readily observed in high
grade examples, or S-100 protein positivity may be focal or
weak. This vague pattern of staining may not always help in
differential diagnosis.

15.6 MOLECULAR PATHOLOGY

e MPNST is presumed to arise from poorly defined stem cells.

e In NF1, these stem cells appear to originate from “de-differ-
entiated” schwann cells and proliferate secondary to deregu-
lated Ras/Raf/ERK signaling in NF1.

15.7 DIFFERENTIAL DIAGNOSIS

e The most critical differential diagnosis of a low grade MPNST
in the setting of NF-1 includes a cellular benign peripheral
nerve sheath tumor.

— Although the boundary between a cellular schwannoma and
alow grade MPNST may be subjective, alow grade MPNST
should be favored in the presence of increased cellularity,
atypia, and frequent mitosis.

e A second set of neoplasms considered in the differential
diagnosis of high grade MPNSTs, includes primary soft
tissue neoplasms such as fibrosarcoma, leiomyosarcoma,

synovial sarcoma, mesenchymal chondrosarcoma and

hemangiopericytoma/solitary fibrous tumor.

— The combination of clinical, histopathological, and immu-
nohistochemical features, as well as ultrastructural findings
can identify a nerve sheath origin (or differentiation) and
distinguish MPNST from other sarcomas.

e Differentiating a malignant melanoma from a high grade

MPNST can also be challenging on rare occasions.

— Both neoplasms can be composed of spindle cells and show
variable S-100 positivity, and some melanomas do not con-
tain appreciable amounts of melanin pigment.

— Use of additional stains such as melan-A, HMB-45, tyrosi-
nase, neurofilament, Leu-7, and myelin basic protein, and
sometimes electron microscopy can aid in the recognition of
a melanoma and its distinction from MPNST.

15.8 PROGNOSIS

o The following clinical characteristics have been suggested as
significant prognostic variables:
— Histologic grade and type (such as triton tumor).
— Tumor location (superficial vs. deep) and size.
— Younger age in some studies was suggested as a worse prog-
nostic factor.
— Presence of NF-1.
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Fig. 15.3. Intraoperative smear of an MPNST showing cohesive clus-
ters of cells with wavy hyperchromatic overlapping nuclei and scant
cytoplasm.

Fig. 15.1. Coronal, contrast-enhanced T1-weighted MR image of a ret-
roperitoneal MPNST in a 14-year-old child.

Fig. 15.4. Frozen section of MPSNT with marked cellularity and col-
Fig. 15.2. Gross appearance of an MPNST in a 10-year-old child with  lagenous background. Note the histological features that are indistin-
NF1. Note the tumor wraps around a major vessel (arrow). guishable from those of a cellular schwannoma.
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Fig. 15.5. Histological features of MPNST with a palisaded appear-
ance, also referred to as polar spongioblastoma-like pattern. As such a
pattern can also occur in benign peripheral nerve sheath tumors, it is
not considered diagnostic of MPNST.

Fig. 15.6. Histological patterns in MPNST include (a) epithelioid, (b) fascicular, (¢) myxoid, and (d) hemangiopericytoma-like with staghorn-

like vasculature



Section E: Neuronal and Mixed Neuronal-Glial Tumors

Adekunle M. Adesina

Abstract Glioneuronal tumors represent an important group of tumors in children. They pose
diagnostic difficulties because of their diversity and variable histologic features. However, a consensus
on a number of new entities is beginning to emerge. In this section, we describe the well-established
entities, such as ganglioglioma, desmoplastic infantile atsrocytoma/ganglioglioma, and dysem-
bryoplastic neuroepithelial tumor. Predominantly neurocytic tumors such as central neurocytoma
and paraganglioma are also presented. Rare and newly codified entities such as papillary glioneu-
ronal tumor and rosetted (rosette forming) glioneuronal tumor of the fourth ventricle are presented
in separate chapters, respectively. We also present the unique histologic features of an increas-
ingly observed but yet to be codified new group of “malignant epithelioid glioneuronal tumors” in
a separate chapter.



Desmoplastic Infantile Astrocytoma and Ganglioglioma

Adekunle M. Adesina

Keywords Desmoplastic infantile astrocytoma; Desmoplastic
infantile ganglioglioma

16.1 OVERVIEW

e Rare superficial cerebral cortical and leptomeningeal large
cystic tumors with dural attachment primarily occurring in
infants. Most patients are under 2 years of age.

e Account for 1.25% of all childhood brain tumors with a 1.5:1
male to female ratio.

e Characterized by neoplastic neuroepithelial cells in a desmo-
plastic stroma showing variable astrocytic differentiation
[desmoplastic infantile astrocytoma, (DIA)] or combined
astrocytic and neuronal differentiation [desmoplastic infan-
tile ganglioglioma, (DIG)].

— Immature neuroepithelial component is often present.

e Classified as a WHO grade I with favorable prognosis

16.2 CLINICAL FEATURES

e Patients often have massive tumors resulting in macroceph-
aly and associated features of raised intracranial pressure.

e Rapidly increasing head circumference, progressive lethargy,
seizures, and localizing signs such as hemiplegia are consis-
tent with a massive intracranial mass lesion.

16.3 NEUROIMAGING

e Presents as large multicystic mass, often mainly cystic mass,
with a solid component. On MRI, the solid component is
isointense to adjacent cortex on T1 weighted images and
hyperintense on T2-w images and shows enhancement after
contrast administration (Figs. 16.1 and 16.2).

e MR spectroscopy shows slight elevation of the choline peak
and only a slight reduction of the NAA peak consistent with
low cellularity.

16.4 PATHOLOGY

e These are large uni or multiloculated, firm, grey white fleshy
tissue with attached dura.
e Tumor border is well demarcated.
o Characterized by three components including the following:
— Fibroblastic spindled cells forming reticulin or collagenous
matrix (Fig. 16.3a).

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,

— Neoplastic astrocytic cells, some with abundant (gemisto-
cyte-like) eosinophilic cytoplasm (Fig. 16.3b).
e Spindled forms may be arranged in fascicles or storiform pat-
tern (Fig. 16.3c).
In DIG, a component of ganglionic or ganglioid cells with
neuronal differentiation is present as well.
— Variable population of immature small round hyperchro-
matic neuroepithelial cells are present (Fig. 16.3d).
Calcification may be present.
Mitosis is infrequent and necrosis is uncommon.
No endothelial proliferation is seen.
Rare examples of DIG with anaplastic features, frequent
mitosis and elevated proliferation index as high as 40% have
been reported.

16.5 IMMUNOHISTOCHEMISTRY

e Immunoreactivity for GFAP is widespread (Figs. 16.4a, b)
and is seen in all of the components of DIA.

e Vimentin expression and pericellular reticulin demonstrable
by reticulin silver stain or anti-collagen type IV antibody are
present.

e Neuronal markers such as synaptophysin, neurofilament pro-
tein (NF-H), MAP2 (Fig. 16.5a), and NeuN (Fig. 16.5b) are
often demonstrable in DIG.

e Smooth muscle actin and desmin may be demonstrable.

e A lack of expression of myogenin or MyoD excludes myoid
differentiation.

e Ki67 shows a low proliferation index of less than 2%.

e Epithelial markers such as EMA, pancytokeratin (AE1/AE3),
and CAM 5.2 are absent.

16.6 DIFFERENTIAL DIAGNOSIS

e Prominent spindle cell fibroblastic components raise the
differential diagnosis of fibromatosis or solitary fibrous
tumor.

16.7 PROGNOSIS

e This is a tumor with good prognosis, some reports showing
good survival with a 15.1-year follow-up.

e The rare anaplastic variants are also reported with good
survival.
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Fig. 16.1. (a) Multicystic hemispheric mass, isointense on axial T1-weighted images, and (b) same tumor showing contrast enhancement.

Fig. 16.2. Same patient as in Fig. 16.1 with axial T2 image post contrast
demonstrating hyperintensity within the cysts and mild hypointensity
in the solid component.
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Fig. 16.3. Variable histologic features of DIG include (a) florid desmoplasia, (b) gemistocytic astrocytes in a desmoplastic matrix, (¢) astrocytes
in a spindled or fascicular pattern, and (d) interface between astrocytic component and a small cell, poorly differentiated neuroepithelial
component.

Fig. 16.4. Variable expression of GFAP is seen between the (a) astrocytic spindled cell region, and (b) small cell neuroepithelial component.
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Fig. 16.5. Neuronal markers (a) MAP2, and (b) NeuN are expressed in the small neuroepithelial component of this DIG.



Dysembryoplastic Neuroepithelial Tumor

Adekunle M. Adesina and Ronald A. Rauch
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17.1 OVERVIEW

Superficial cortical, benign glioneuronal neoplasms, WHO
grade I, often associated with the long-standing history of
refractory partial complex seizures.

Characteristically uninodular or multinodular lesions accom-
panied by cortical dysplasia.

Represents 12 and 13.5% of histologic findings in adults and
children, respectively, receiving epileptic surgery.

Although cases of DNT have been observed in young adults,
most patients are less than 20 years of age at presentation
and show a male predominance.

17.2 CLINICAL FEATURES

Majority of patients present with long standing history of
partial complex seizures that are poorly responsive or resis-
tant to standard antiepileptic therapy.

Presentation as mass lesions in noncortical sites such as basal
ganglia, brainstem, and cerebellum have been reported.
Occasional presentation in the context of neurofibromatosis
1 (NF1) and XYY syndrome has been reported.

17.3 NEUROIMAGING

It shows a primary superficial cortical location often without

mass effect or peritumoral edema (Fig. 17.1).

The cortical lesions are best seen on MRI as well-defined

hypointense lesions on T1-weighted images (Fig. 17.2a) and

hyperintense on T2-weighted images (Fig. 17.1b).

— The tumor may contain cystic regions.

Enhancement after contrast administration is variable

(Figs. 17.2b, 17.3, and 17.4) and may be nonenhancing.

— In up to 33% of cases, enhancement may be solid or
heterogeneous.

Usually shows increased diffusion on diffusion images

(Fig. 17.5).

Appearance as malformed gyri with or without a pseudo-

cystic component is common.

Abnormalities of the overlying calvarium due to skull remod-

eling may be seen. This is probably more common in DNET

than other tumors due to superficial location and slow growth

of these tumors.

Tumor is usually hypodense to white matter without associ-

ated edema on CT scan (Fig. 17.6a, b).
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Intratumoral calcification (approximately 20%) when pres-
ent is demonstrable on CT scans (Fig. 17.6¢, d) but may be
suggested on MRI.

MR spectroscopy may show normal spectra or an elevated
choline peak (Fig. 17.7).

17.4 PATHOLOGY

Grossly may appear as elevated and expanded “macrogyri”

varying in size from a few millimeters to several centimeters.

Histopathologic features are classified as:

— Complex form

Composed of a mixture of a multinodular component of glial

nodules and intervening “specific glioneuronal” component

(Fig. 17.8).

Glial nodules are composed of oligodendroglia-like cells

(Fig. 17.9) with perinuclear halo, mucinous matrix, and deli-

cate vasculature (Fig. 17.10) and may show calcification

(Fig. 17.11).

Intraoperative smears often show a population of uniform or

monomorphic small round cells representing oligodendro-

glia-like cells with interspersed cells having larger vesicular

nuclei and prominent nucleoli representing the neuronal

component (Fig. 17.12).

Nodules may also have histologic features of pilocytic astro-

cytoma, (Fig. 17.13), diffuse astrocytoma or ganglioglioma.

The specific glioneuronal component is composed of (1)

vertical columns of neuritic processes perpendicular to the

cortical surface, on which are arranged columns of oligo-

dendroglia-like cells in a microcystic (Figs. 17.14 and

17.15), mucinous, alcian blue positive matrix, and (2)

mature ganglion cells referred to as “floating neurons” seen

in the pools of mucin present between the columns

(Fig. 17.16).

— Simple form

Consists primarily of the specific glioneuronal component

without the nodular pattern as a component.

— “Nonspecific” histologic variants

Histologically similar to classic low-grade gliomas and has

neither the specific glioneuronal component nor the multi-

nodular architecture.

— Classification of nonspecific histologic variants as DNET is
largely influenced by the clinical presentation.

They present with similar clinical features of long-standing

history of partial seizures and radiologic features as may be

seen in the complex form of DNET.

The need for clinical features to classify these otherwise-low-

grade gliomas as DNET makes this category controversial.

— Cortical dysplasia
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e Cortical tissue adjoining the DNET mass-lesion often
shows varying degrees of cortical dysplasia with features
of cortical dyslamination or disorganization (microdys-
genesis), including irregular neuronal clustering, irregular
neuronal orientation, accentuation of vertical columnar
architecture, and diffuse white matter neuronal hete-
rotopia.

o The association of DNETSs with cortical dysplasia suggests a
developmental malformative origin.

17.5 IMMUNOHISTOCHEMISTRY

e Immunostaining for glial marker GFAP identifies an astro-
cytic component (Fig. 17.17 and 17.18).

e Oligodendroglia-like cells show diffuse immunoreactiv-
ity for S-100 and focal positivity for neuronal markers,
including NeuN, neurofilament protein, and class III
[B-tubulin.

— Dense core neurosecretory granules can be demonstarted
within some of these neurocytic cells (Fig. 17.19).

e Synaptophysin is frequently diffusely positive in the neuro-
pil (Fig. 17.20a) and the neuronal components of the “specific
glioneuronal element,” but weakly positive to negative in the
oligodendroglia-like cells.

— Neuronal component is also positive for chromogranin
(Fig. 17.20b) and other neuronal markers.

e Reported demonstration of myelin-associated glycoprotein
in some oligodendoglial-like cells suggests oligodendroglial
differentiation in these cells.

e Proliferation index by MIB1 immunostaining is usually less
than 1% (Fig. 17.21).

— Proliferation index as high as 8% has been reported.

17.6 MOLECULAR PATHOLOGY

— Molecular events associated with prognosis in oligoden-
droglioma, such as 1p36 and 19q13 deletions, or pro-
gression-related genetic events in fibrillary astrocytoma,
such as 17p13 deletion or p53 gene mutation, are absent
in DNET.

17.7 DIFFERENTIAL DIAGNOSIS

— Identification of the specific glioneuronal element is
key to recognition of the simple and complex forms
of DNET.

— Tumors with the presence of nonspecific histologic pat-
terns, including pilocytic astrocytoma and oligodendro-
glioma-like or ganglioglioma-like patterns in addition to
the specific glioneuronal component, should be classified
as DNET.

— In the absence of the specific glioneuronal element, diagno-
sis of nonspecific histologic patterns as DNET can be prob-
lematic and is currently controversial. Designation of such
lesions as DNET is favored by the presence of a classic
history of poorly controlled longstanding seizures and
radiologic findings compatible with a diagnosis of
DNET.

17.8 PROGNOSIS

e They are generally regarded as benign tumors. Long-term
follow-up shows no evidence of recurrence following
gross total resection or progression following subtotal
resection.

e Rare case of malignant transformation has been reported
following radiation and chemotherapy.
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Fig. 17.1. (a) Axial FLAIR and (b) axial T-2w images showing bright (hyperintense) left temporal lobe lesion with no mass effect or midline
shift.

Fig. 17.2. (a) Dark (hypointense) cortical lesion on sagittal T1-w precontrast and (b) same lesion on sagittal T1-w postcontrast with no
enhancement.

Fig 17.3. (a) Axial and (b) coronal T1-w postcontrast images showing lack of enhancement in the left temporal hyperintense mass lesions with
confirmed histologic features of a complex DNET.
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Fig 17.5. Axial diffusion weighted image showing unrestricted diffusion
in the same lesion as in Fig. 17.1.

Fig 17.4. Coronal T1-w postcontrast image showing enhancement of a
left mesiotemporal mass lesion.

Fig. 17.6. (a and b) Axial CT scans of a right temporal lobe DNET showing no calcification. (¢ and d) Axial CT scans of a left temporal lobe
DNET showing the presence of calcification.



176 DYSEMBRYOPLASTIC NEUROEPITHELIAL TUMOR

Fig. 17.7. MR spectroscopy at TE of 136 ms showing elevated choline and small NAA peak.

TR

Fig. 17.8. Low-power view of a complex DNET with multiple nodules ~ Fig. 17.9. Regional cluster of proliferating “oligo-like” cells in a
of the “glioneuronal” component. microcystic background.
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Fig. 17.10. Delicate vasculature arranged in a “chicken wire” configu-  Fig. 17.12. Smear preparation showing a uniform population of oligo-
ration and intermixed with “oligo-like” cells. like cells, few interspersed neuronal nuclei, and delicate capillaries in
a fibrillary background.

Fig. 17.11. Multifocal calcification randomly distributed within a DNET.  Fig. 17.13. Region of pilocytic astrocytoma within a DNET. Note the
piloid astrocytic cells, Rosenthal fibers, and numerous microcysts.
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Fig. 17.14. Diffuse microcystic pattern. Fig. 17.16. Columns of oligodroglial-like cells, a diffuse microcystic
pattern with a mucinous content and intracystic “floating” neurons (top
left corner inset) represent the classic features of the specific glioneu-
ronal component of a DNET.

Fig. 17.15. Diffuse microcystic pattern at a higher magnification. Fig. 17.17. Region of a more distinct astrocytic differentiation within a
DNET.
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Fig. 17.18 GFAP immunostain showing a diffuse and fibrillary stromal
positivity as well as cytoplasmic positivity in differentiating astrocytic
cells.

Fig. 17.19 Electron micrograph of the neurocytic cells within a DNET
showing dense core neurosecretory granules consistent with neuronal
differentiation.

Fig. 17.20. (a) Diffuse stromal positivity for synaptophysin in a DNET (b) Floating neurons showing immunopositivity for chromogranin in a
DNET.
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Fig. 17.21. Immunostain with the MIB1 antibody showing a paucity of
Ki-67 positive cells consistent with a low proliferation index.
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18.1 OVERVIEW

e These are neuroepithelial tumors composed of mature neu-
rons (gangliocytoma) or a mixed population of ganglion cells
and glial cells (ganglioglioma).

e Well differentiated gangliocytomas are classified as WHO
grade I while gangliogliomas may be classified as WHO
grade I or II.

e Anaplastic ganglioglioma with a malignant glial component
is classified as WHO grade III.

e Gangliogliomas and gangliocytomas may occur in all age
groups but they are frequently seen in the young with a peak
between the age of 10 and 30 years and representing about
0.4% of all tumors in the central nervous system.

e May occur in all regions of the CNS but occur with a higher
frequency in the brain with an incidence of 1.3% of all brain
tumors.

e Greater than 80% of gangliogliomas and gangliocytomas
occur in the temporal lobe and represent the most frequent
tumors associated with epilepsy.

18.2 CLINICAL FEATURES

e Clinical presentation reflects localized tumor effect and com-
plications of raised intracranial pressure.

e Longstanding history of seizures ranging from a few months
to decades is frequent in tumors involving the cerebral
hemisphere.

e Represent the most frequent tumors in patients with temporal
lobe epilepsy requiring surgical intervention for control of
seizures.

e Tumors involving the brain stem and spinal cord often have a
short duration of symptomatology related to pressure effect.

18.3 NEUROIMAGING

e (lassically the tumors present as cysts with a mural nodule
(Fig. 18.1) but may also present as circumscribed solid
masses (Fig. 18.2) or masses with multiple cysts.

e On MRI, the tumors typically appear hypointense on
T1-weighted images (Fig. 18.3) and hyperintense on
T2-weighted images (Fig. 18.4). Enhancement with contrast
is variable but often present (Figs. 18.5 and 18.6).

e CT scans may show calcification (Fig. 18.7). The solid portion
of the tumor itself is often hypodense but may be isodense
compared to brain.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,

e (Calvarial bone remodeling changes due to prolonged tumor
impingement on skull may be seen.

18.4 PATHOLOGY

e Macroscopically, often the tumors are seen as cystic lesions
with a mural nodule. May also be seen as well circumscribed
mass lesions.

e Intraoperative smear preparations show a mixed population
of fibrillary astrocytic cells and variable number of ganglioid
and ganglion cells with vesicular nuclei and prominent nucleoli
(Figs. 18.8 and 18.9).

18.4.1 HISTOLOGY

e Histologic hallmark of a gangliocytoma is a tumor with dis-
organized, variably cellular, non-infiltrative (well circum-
scribed) aggregates of large and small neurons (Fig. 18.10)
and no glial component.

e Neuronal differentiation is recognized by the presence of
large cells with vesicular nuclei, prominent nucleoli, and
variably abundant amphophilic cytoplasm (Fig. 18.11).

e Neurons show varying degrees of dysmorphism including
irregular accumulation of Nissl substance, cytoplasmic vacu-
olation, neurofibrillary tangles, granulovacuolar degenera-
tion and binucleated cells (Fig. 18.12).

e Less mature neurons with intermediate differentiation desig-
nated as “ganglioid cells” are often present (Fig. 18.13).

e Gangliogliomas show both populations of neoplastic neurons
and glia (astrocytes) which may be arranged as separate and dis-
tinct clusters of cell populations or may be intimately mixed.

e Reticulin and collagen rich stroma may be seen in the lobular
clusters of ganglion cells.

e The proportion of neuronal component is variable ranging
from being predominant to being a minor component
(Figs. 18.14-18.16).

e The glial component may represent a diffuse fibrillary or a pilo-
cytic pattern (Fig. 18.17). Rare examples of composite pleomor-
phic xanthoastrocytoma and ganglioglioma have been reported.

e PAS positive eosinophilic granular bodies (EGBs) are a fre-
quent feature of ganglion cell tumors.

e Lymphocytic infiltrate arranged in a perivascular pattern is
also common. Microcalcification and a florid microcystic
change may be seen.

e A delicate capillary network may be seen especially in
gangliocytomas.

e Subarachnoid tumor growth is a frequent histologic observa-
tion which does not imply subarachnoid dissemination or poor
prognosis.
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e Cortical dysplasia may occur in adjoining cortical tissue
especially in lesions removed for seizure control.

e High grade astrocytic features including increased cellular-
ity, pleomorphism, and mitotic activity suggest anaplastic
ganglioglioma which is usually due to malignant progression
in the glial component (Figs. 18.18, 18.19a and 18.19b).

18.5 IMMUNOHISTOCHEMISTRY

e Use of a panel of neuronal markers including synaptophysin
(Fig. 18.20), MAP 2 (Fig. 18.21), chromogranin, NFP, and NeuN
to demonstrate neuronal differentiation is recommended.

— Synaptophysin shows a granular surface membrane staining
of perisomatic synapses with or without cytoplasmic
staining.

— MAP 2 frequently shows strong cytoplasmic staining, while
chromogranin shows granular cytoplasmic staining but may
be less diffusely positive.

— NFP shows variable cytoplasmic staining while NeuN
shows nuclear positivity.

— Although MAP 2 positivity may be seen in diffuse gliomas,
it is less frequently positive in the astrocytic component of
gangliogliomas.

e CD34 has been reported as frequently positive in ganglio-
gliomas with a frequency of about 70-80%.

e GFAP positivity is present in the astrocytic component of
gangliogliomas (Fig. 18.22).

18.6 ELECTRON MICROSCOPY

e Neuronal differentiation in a ganglion cell tumor is readily
demonstrable by the presence of dense core neurosecretory
granules which are often abundant in the more differentiated
cells.

o Abundant microtubules and demonstrable synaptic type junc-
tions support neuronal differentiation.

18.7 DIFFERENTIAL DIAGNOSIS

e The major differential diagnotic issue is the need to differen-
tiate between a ganglion cell tumor and an infiltrating glioma
with entrapped neurons. Helpful clues in making the distinc-
tion include the following:

— Neoplastic ganglion cells tend to form abnormal clusters
and are variable in size with abnormal orientation of neu-
ronal apical dendrites.

— Binucleation is the ultimate proof of neoplasia.

— Dysmorphic neurons are frequently seen in ganglion cell
tumors.

e Dysembryoplastic neuroepithelial tumors may show a mixed
glioneuronal phenotype.

— Characteristic mucinous components with “floating” neu-
rons are features of DNET, not seen in ganglion cell
tumors.

— Multinodular architecture with oligodendroglia-like cells
and characteristic neuroimaging features including superfi-
cial location favor a DNET.

— Transitional tumors with mixed features of DNET and gan-
glioglioma occur but are very rare (Figs. 18.23 and 18.24)
and pose a significant diagnostic dilemma when attempts

are made to fit such tumors into either the DNET or ganglio-
glioma categories.

18.8 MOLECULAR PATHOLOGY

e Although examples of occurrence of ganglioglioma in patients
with NF1, NF2 and Peutz-Jeghers’ syndrome have been
reported, no mutations in the NF1 or NF2 or LKB1 genes,
respectively have been demonstrated in gangliogliomas.

¢ Gains of chromosome 7 have been reported.

e Genetic events described in typical fibrillary astrocytomas
such as p53 and PTEN mutations, CDK4 and EGFR amplifi-
cation are infrequent in ganglioglioma.

e Polymorphisms in intron 4 and exon 41 of TSC2 are over-
represented in individuals with ganglioglioma.

18.9 PROGNOSIS

e Generally slow growing, low grade, classified as WHO grade
1 with a 7.5 year progression free survival rate of 94%.

e Malignant progression is uncommon but when it occurs it is
usually related to malignant progression of the glial/astro-
cytic component showing increased cellularity, increased
mitotic activity, endothelial proliferation and necrosis with
poorer prognosis.
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Fig. 18.1. (a) Axial T2-w, and (b) axial flair showing a cystic right temporal lobe mass with mural nodule and subtle T2-w hyperintensity.

Fig. 18.2. Non-contrast CT scan 15 months earlier from same patient
as in Fig. 18.1 above showing calcified mass of right temporal lobe.
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Fig. 18.3. (a) Coronal T1-w pre gadolinium (Gd) shows hypointense to isointense right temporal lobe lesion inferior to the hippocampus, and (b)
Coronal T1-w post Gd shows enhancing nodule of right temporal lobe.

Fig. 18.4. (a) Axial T2-w image 15 months earlier from same patient as  Fig. 18.5. Axial T1 post Gd 15 months earlier from same patient as in
in Fig. 18.1 above showing lesion of right temporal lobe that is isointense ~ Fig. 18.1 above shows lesion of right temporal lobe with subtle/mini-
to gray matter, and (b) ADC map showing no diffusion restriction. mal enhancement.
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Fig. 18.6. (a) Coronal flair (b) axial flair (¢) axial T1-w pre Gd, and (d) axial T1-w post Gd images showing T2-w hyperintense and contrast
enhancing lesion of left frontal cortex with expansion of the involved cortex.
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Fig. 18.7. Non contrast CT scan showing tumor calcification.

b

Fig. 18.8. Cellular smear preparation showing many “ganglioid” cells ~ Fig 18.9. Higher magnification of same region as in Fig. 18.8.
with vesicular nuclei and distinct nucleoli in a fibrillary astrocytic
matrix.
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Fig. 18.10. Gangliocytoma with atypical ganglion cells in a microcys-  Fig. 18.12. Ganglioglioma showing a binucleated ganglion cell in a
tic and vacuolated stroma. Note the lack of a proliferating glial background of proliferating glial cells.
component.

Fig. 18.11. Aggregates of tumor cells showing varying degrees of neu-  Fig. 18.13. Ganglioglioma with regional predominance of proliferat-
ronal differentiation from “ganglioid” cells to well differentiated gan-  ing ganglioid and ganglion cells.
glion cells.
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Fig. 18.14. Ganglioglioma with regional predominance of proliferating  Fig. 18.16. Eosinophilic granular bodies (EGB) in a ganglioglioma
glial cells. with mixed population of proliferating ganglion and glial cells.

Fig. 18.15. Low cellularity glial component and proliferating ganglion ~ Fig. 18.17. Pilocytic glial component of a ganglioglioma showing
cells in a ganglioglioma grade I. abundant EGBs.
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Fig. 18.18. Ganglioglioma showing increased cellularity and pleomor-
phism following progression to a WHO Grade III.

Fig. 18.19. Anaplastic ganglioglioma with (a) spindle cell appearance of the glial component, increased cellularity, and (b) increased mitotic
activity.

Fig. 18.20. Ganglion cell component of a ganglioglioma showing positivity ~ Fig. 18.21. MAP 2 positive ganglion cell component of a ganglioglioma.
for synaptophysin.
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Fig. 18.22. GFAP positive astrocytic glial component of a ganglioglioma.  Fig. 18.23. Proliferating ganglioid cells in a background of microcysts
and floating neurons in a transitional tumor with DNET-ganglioglioma
phenotypic overlap.

Fig. 18.24. High magnification from the same tumor as in Fig. 18.23
showing proliferating ganglioid cells in a background of microcysts
and floating neurons in a transitional tumor with DNET-ganglioglioma
phenotypic overlap.
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19.1 OVERVIEW

e A low-grade (WHO 2007, grade II) ventricular (central neu-
rocytoma) or extraventricular tumor composed of a mono-
morphic population of uniform round neurocytic cells.

e More common in the lateral and third ventricles but may
occur in the fourth ventricle and extraventricular sites includ-
ing the cerebral hemispheric parenchyma and spinal cord.

e Occurs predominantly in young adults with a peak incidence
in the third and fourth decades, and with a low incidence in
the first and second decades.

19.2 CLINICAL FEATURES

e Localization in the region of the foramen of Monroe and
third ventricle leads to raised intracranial pressure.

e Pressure effect on the hypothalamus may be associated with
hormonal disturbance.

19.3 NEUROIMAGING

e Tumors are well-circumscribed and usually attached to the
intraventricular septum.

e On CT, tumors are isodense or slightly hypodense and asso-
ciated with contrast enhancement.

e Calcification and cystic degeneration may occur.

e MRI shows a well-circumscribed mass lesion isointense to
gray matter on T1-w (Figs. 19.1b and 19.2a), and variably
hyperintense on T2-w (Fig. 19.1a) and FLAIR imaging with
variable mild to marked gadolinium enhancement (Figs. 19.2b
and 19.3).

19.4 PATHOLOGY

e Macroscopically, these tumors are grey and friable; they may
be calcified.

e The classic histologic features are those of a monomorphic
population of round cells arranged in variable clusters with
intervening fibrillary neuropil-like regions (Fig. 19.4a).

e Oligodendroglioma-like features with perinuclear halo and
delicate arborizing capillary vasculature may be present
(Fig. 19.4b).

o Areas showing perivascular pseudo-rosetting may cause con-
fusion with an ependymoma.

e Homer Wright rosettes and ganglioid/ganglionic differentia-
tion (Figs. 19.5 and 19.6) are rare and may be more common
with the extraventricular variant.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,

e Mitoses are rare and tumors generally show a low proliferation
index.

e Anaplastic transformation is rare, and when present, it is char-
acterized by brisk mitosis and microvascular proliferation.

19.5 IMMUNOHISTOCHEMISTRY

e The hallmark of central neurocytoma is a diffuse neuropil
and perivascular immunoreactivity for synaptophysin
(Fig. 19.7). Diffuse nuclear positivity for Neu N and cyto-
plasmic positivity for MAP2 (Fig. 19.8) are common.

e Ganglioid cells when present are immunopositive for neuro-
filament protein and chromogrannin A, while the neurocytes
are generally negative for these markers.

e Proliferation index (MIB-1 staining) is usually low and often
less than 2%.

e “Atypical” neurocytoma with proliferation index greater than
2% 1is associated with shorter recurrence/progression-free
survival.

19.6 ELECTRON MICROSCOPY

e Neurocytic differentiation is present and is characterized by
the formation of intermingled cell processes containing
microtubules, dense core neurosecretory granules, and clear
vesicles.

e Synaptic junctions may be seen.

e Other organelles including the presence of mitochondria,
rough endoplasmic reticulum, and prominent Golgi are non-
specific.

19.7 DIFFERENTIAL DIAGNOSIS

e Central neurocytoma shares the characteristic perinuclear
halo and delicate vasculature with oligodendroglioma. Unlike
central neurocytoma, oligodendrogliomas do not have the
acellular, synaptophysin positive intervening neuropil.

e In addition, the uncommon tendency to form vague perivas-
cular pseudorosettes and the presence of perinuclear halos
raise a differential diagnosis of clear cell ependymoma.
Ependymomas show dot-like EMA positivity, a feature not
seen with neurocytomas and it allows a distinction between
these two entities.

19.8 MOLECULAR GENETICS AND HISTOGENESIS

e No consistent genetic signature has been described. 1p36 and
19q13 deletions are uncommon in central neurocytomas.

e Rare examples of chromosomal gains involving chromo-
somes 7, 2p, 10q, 18q, and 13q have been reported.
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e TP53 mutation is uncommon in central neurocytoma.

e Rare occurrence in association with von Hippel Lindau dis-
ease has been described.

e Cell of origin is unknown but a putative origin from a neuro-
glial precursor cell from the subependymal region or from
the circumventricular organ has been suggested.

19.9 PROGNOSIS

e Generally runs a benign course following gross total resec-
tion whereas incomplete resection is often associated with
local recurrence.

e Anaplastic features including proliferation index greater than
2% are associated with poorer prognosis and shorter recur-
rence free intervals.

o Infiltration of periventricular tissue is likewise a poor prog-
nostic feature.
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Fig. 19.1. Intraventricular central neurocytoma illustrated in axial (a) T2-w and (b) T1-w pre-contrast images showing hyperintensity on T2
images and isointensity on T1 images, respectively.

Fig. 19.2. Another example (sagittal view) of central neurocytoma showing isointensity on (a) precontrast T1-w imaging and homogenous
enhancement (b) on T1-w post-contrast imaging.
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Fig. 19.3. (a) Axial T1-w and (b) coronal T1-w post-contrast images on the same patient in Fig. 19.2 confirming homogenous tumor enhancement.

Fig. 19.4. (a) Histology of central neurocytoma showing a monomorphic population of round cells arranged in irregular clusters with intervening
acellular neuropil islands; (b) oligo-like histologic features with perinuclear halo and delicate vasculature may be seen.
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Fig. 19.7. Diffuse perikaryal immunopositivity for synaptophysin in cen-
tral neurocytoma. Note the presence of and positivity in acellular islands

Fig. 19.5. Regions of ganglioid cells with vesicular nuclei and distinct which is a major distinguishing feature from an oligodendroglioma.

nucleoli are illustrated (arrows).

Fig. 19.6. Mature ganglionic differentiation (arrow) is seen focally in ~ Fig. 19.8. Immunostaining for MAP2 with regional positivity in
this example of central neurocytoma. central neurocytoma.
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20.1 OVERVIEW

e A benign (WHO grade I), relatively circumscribed, biphasic
cerebral neoplasm occurring predominantly in the temporal
lobe and most commonly affecting young adults.

e No population-based epidemiologic data are available to
date.

e Papillary glioneuronal tumor (PGNT) was initially described
as “pseudopapillary ganglioglioneurocytoma” or “pseudop-
apillary neurocytoma with glial differentiation.”

— Established as a distinct clinicopathologic entity in 1998 by
Komori et al.

— Regarded as a variant of ganglioglioma in the 2000 WHO
classification of central nervous system tumors.

— Recently added as a new entity in the 2007 WHO
classification.

20.2 CLINICAL FEATURES

e PGNT occurs over a wide age range (4-75 years) with a
mean age at presentation of 27 years. It is more prevalent in
the second and third decades of life.

e No gender predilection has been reported.

e The most common clinical manifestations include headache
and seizures.

e Patients may also present with nausea, vertigo, visual and
gait disturbances, focal sensorimotor deficits, syncope, mem-
ory loss, and mood changes.

20.3 NEUROIMAGING

e Presents as a well-defined, circumscribed lesion centered in
subcortical or periventricular cerebral white matter. Small
lesions lack peritumoral edema. Mass effect and mild peritu-
moral edema are present in large lesions.

— Occurs in all lobes with the temporal being the most com-
mon lobe involved.

— MRI: Typically heterogeneous on T2-w imaging although
small lesions may be homogeneous and marked hyperinten-
sity may be present in cyst-like regions (Figs. 20.1 and
20.2).

— Usually hypointense on T1-w imaging (Fig. 20.3) unless
intratumoral hemorrhage is present.

— May show post-contrast enhancement (Fig. 20.4) with the
enhancing component iso- or hyperintense to cortex on
T2-w imaging.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,

— Enhancement may be peripheral, solid, or peripheral with
mural nodule.

— Diffusion weighted imaging usually shows no restriction of
diffusion (Fig. 20.5).

— CT: Calcification and
uncommon.

intratumoral hemorrhage are

20.4 PATHOLOGY

e Smear preparations reveal a mixture of cells (Figs 20.6-20.8)
including ganglion cells with large eccentric nuclei, promi-
nent nucleoli, delicate nuclear membranes and Nissl sub-
stance in the cytoplasm. Also intermediate cells with less
prominent nucleoli and relatively scant cytoplasm are seen.
Cells with dense nuclei, scant cytoplasm, and occasional pro-
cesses represent perivascular astrocytes.

e Two distinct histologic components are identified, one glial
and the other neuronal.

— The glial component consists of pseudopapillary struc-
tures with hyalinized blood vessels surrounded by a single
or pseudostratified layer of cuboidal glial cells (Figs. 20.9
and 20.10). These cells have rounded nuclei, moderately
dense chromatin, and scant eosinophilic cytoplasm and
do not elaborate perivascular cytoplasmic processes.
Mitotic activity and cellular atypia are absent in this
component.

— The neuronal component consists of interpapillary sheets or
focal collections of neurocytes, ganglion cells, and interme-
diate “ganglioid cells” in a fibrillary, neuropil-like matrix.

e Neurocytic cells have dark, round, uniform nuclei and scant
cytoplasm, and sometimes oligo-like halo (Fig. 20.11) while
the ganglion cells feature large, vesicular nuclei, prominent
nucleoli, and abundant cytoplasm with well developed Nissl
substance.

— The intermediate-sized “ganglioid cells” feature less abun-
dant cytoplasm and smaller nucleoli.

— Occasional pleomorphic and binucleated ganglion cells are
identified.

e Minigemistocytes with eccentrically placed nuclei and
eosinophilic hyaline cytoplasm may be found in the interpap-
illary regions or nestled among neuronal cell types (Figs. 20.6
and 20.10).

e A narrow zone of tumor infiltration or a discrete pushing bor-
der may be seen with the adjacent neural parenchyma. In this
region, prominent gliosis, Rosenthal fibers, eosinophilic
granular bodies, hemosiderin deposition, foamy cell infiltra-
tion, and dystrophic calcifications may be identified.

e Mitotic activity is usually inconspicuous.

e Necrosis and microvascular proliferation are exceptional
when present.
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20.5 IMMUNOHISTOCHEMISTRY

e The small cuboidal glial cells surrounding the hyalinized
vascular pseudopapillae are positive for GFAP (Fig. 20.12)
and S-100.

e Neuronal cells of all sizes are immunopositive for synapto-
physin (Fig. 20.13), NSE, and class III B-tubulin (MAP-2)
(Fig. 20.14).

e Most of the neuronal cells are also positive for NeuN while
neurofilament protein (NFP) immunopositivity is confined to
ganglion cells and intermediate “ganglioid cells.”

e Chromogranin A expression has not been observed.

e Minigemistocytes show intense GFAP immunoreactivity.

e Tanaka et al described a subpopulation of cells that fail to
label with GFAP and neuronal markers but express the Olig2
transcription factor. These cells are mainly found in the inter-
papillary areas surrounding GFAP positive perivascular ele-
ments. They also found that minigemistocytes are in close
association with these Olig2 positive cells and may be derived
from them.

e MIB-I labeling indices are low and in the range of 1-2%.

20.6 ELECTRON MICROSCOPY

e The perivascular glial cells show cytoplasmic bundles of
intermediate filaments and form juxtavascular basal lamina.

e The neuronal cells exhibit cytoplasmic extensions filled with
aligned microtubules, dense-core granules, clear vesicles,
and synaptic contacts of varying organization.

e A third cell component of poorly differentiated cells has been
described at the ultrastructural level. These cells contain
mitochondria, ribosomes, occasional dense bodies, interme-
diate filaments, and microtubules but no definitive dense core
granules. They are thought to represent glioneuronal progen-
itor cells.

e Hybrid glioneuronal cells have not been described.

20.7 MOLECULAR PATHOLOGY

e PGNT has been reported in patients with cleft lip and orbital
schwannoma but association with familial syndromes has not
been established.

e Several cases have been studied for 1p status by FISH and
have been found to be intact.

e Faria et al reported a case of PGNT with gains and alterations
involving chromosome 7p22. Using comparative genomic
hybridization, they also observed high-level amplification at
Tpld~ql2.

20.8 DIFFERENTIAL DIAGNOSIS

e The pseudopapillae with surrounding astrocytic cells may
resemble the perivascular pseudorosettes of ependymoma.
However, cellular processes radiating to the vessel wall are

not seen in PGNT. In addition, PGNT does not show ultra-

structural evidence of ependymal differentiation.

e The presence of neurocytic, ganglionic, and glial components
may raise the possibility of ganglioglioneurocytoma as a dif-
ferential diagnosis.

— The presence of pseudopapillary glio-vascular structures
and the broad spectrum of neuronal differentiation in PGNT
help distinguish between the two entities.

e PGNT should be distinguished from dysembryoplastic neu-
roepithelial tumor (DNET) which also presents at a young
age with seizures.

— Histologically, DNET is characterized by the specific glion-
euronal element, microcysts with floating neurons and corti-
cal dysplasia in the adjacent cortex. None of these features
are seen in PGNT.

20.9 PROGNOSIS

o In general, PGNT shows a favorable clinical outcome.

e Gross total resection without adjuvant therapy results in
recurrence-free, long term survival in the majority of cases.

e One case of atypical papillary glioneuronal tumor has been
reported as showing mitotic activity and MIB-1 labeling
index of 15%. The patient remained symptom-free without
tumor recurrence 5 years after radical resection and
radiotherapy.

e Very rare examples of tumor recurrence or progression have
also been reported.
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Fig. 20.1. Coronal T2-w MRI showing a heterogeneous tumor in the  Fig. 20.3. Sagittal T1-w MRI showing a well-circumscribed tumor
left periventricular white matter with markedly hyperintense central ~ with marked hypointensity in the central, cyst-like component.
cyst-like component and less intense peripheral, nodular component.

Fig. 20.2. Axial FLAIR MRI showing attenuation of signal in the cen-  Fig. 20.4. Axial T1-w post contrast images showing tumor demonstrat-
tral, cyst-like component. Note lack of peritumoral edema. ing irregular, peripheral nodular enhancement. The central, cyst-like
component does not enhance.
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Fig. 20.5. Axial DWI images showing no diffusion restriction within
the tumor.
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Fig. 20.7. Intraoperative cytologic preparation showing pseudopapillary
architecture and fibrillary background. There is a mixed cell population
with some of the cells having eosinophilic cytoplasm and eccentric nuclei.

Fig. 20.6. Intraoperative cytologic preparation showing pseudopapil-
lary architecture and fibrillary background. There is a mixed cell popu-
lation with some of the cells having eosinophilic cytoplasm and
eccentric nuclei.

Fig. 20.8. Intraoperative cytologic preparation showing pseudopapil-
lary architecture and fibrillary background. There is a mixed cell popu-
lation with some of the cells having eosinophilic cytoplasm and
eccentric nuclei.
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Fig. 20.9. Characteristic pseudopapillary pattern in PGNT. Fig. 20.11. Mixed glioneuronal populations of cells with clear cyto-
plasm and halo-like appearance may be seen.

Fig. 20.10. Mixed glioneuronal populations of cells with sometimes  Fig. 20.12. A large subpopulation of tumor cells are GFAP positive.
variable histology as seen here characterize this tumor.
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Fig. 20.13. Synaptophysin positivity is granular but patchy.

Fig. 20.14. A diffuse positivity for MAP2 is observed in this tumor.
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21.1 OVERVIEW

e Arare, slow growing biphenotypic tumor arising in the region
of the fourth ventricle.

e It shows a benign histology and favorable postoperative
course corresponding to WHO 2007 grade 1.

e Rosette-forming glioneuronal tumor (RGNT) of the fourth
ventricle affects young adults most commonly. Population-
based incidence rates are not yet available.

e RGNT was first recognized and characterized as a distinct
disease in a report of 11 cases by Komori et al. in 2002 and
recently added as a new entity in the 2007 WHO classifica-
tion of tumors of the central nervous system.

— Previous reports of cerebellar dysembryoplastic neuroepi-
thelial tumors (DNET) may represent the same entity.

21.2 CLINICAL FEATURES

e RGNT affects predominantly young adults (mean age 33
years).

e The age range of reported cases is between 12 and 59 years
with a slight female predominance.

e The most common signs and symptoms include ataxia and
headache secondary to obstructive hydrocephalus.

e Patients have also presented with visual disturbances, ver-
tigo, neck pain, and rigidity.

21.3 NEUROIMAGING

e RGNTs arise in the posterior fossa, often in the midline and
are centered in the fourth ventricle.

— It may extend to the cerebellar vermis, brainstem, pineal
gland, thalamus, and cerebral aqueduct.

e MRI reveals a relatively circumscribed solid or multicystic
tumor that is hyperintense on T2-weighted images and
hypointense on T1.

e They show focal or multifocal contrast enhancement with a
nodular, linear, ring, or spot-like pattern.

e Peritumoral edema is minimal.

e Multicentric cases have been described.

21.4 PATHOLOGY

o [ntraoperative smear preparations usually demonstrate the
biphenotypic nature of the tumor, including neurocytic
cells with round uniform nuclei, granular chromatin,

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,

inconspicuous nucleoli and scant cytoplasm, and a glial

piloid component.

— Rosettes and ganglion cells are not usually identified on
smear preparations.

e Two main distinct histological components are seen; neuro-
cytic and glial.

e The neurocytic component consists of a uniform population
of small cells with round nuclei, finely granular chromatin,
inconspicuous nucleoli, and scant cytoplasm with delicate
cytoplasmic processes (Figs. 21.1 and 21.2).

— These cells form neurocytic and/or perivascular pseudo-
rosettes.

— When viewed along the longitudinal plane, the rosettes
assume a columnar arrangement resembling the specific gli-
oneuronal element of DNET.

— Microcysts with myxoid material may also be seen.

e The glial component usually predominates and consists of
spindled astrocytic tumor cells with oval nuclei, dense chro-
matin and cytoplasmic processes that form a compact fibril-
lary background (Figs. 21.1 and 21.2).

— Microcysts, oligodendroglial-like cells, Rosenthal fibers,
eosinophilic granular bodies, microcalcifications, and
hemosiderin deposits may be encountered.

— The glial component resembles pilocytic astrocytoma.

e Occasionally, dysmorphic ganglion-like cells may be embed-
ded in the astrocytic component.

e Mitoses are inconspicuous and necrosis is usually absent.

e Dilated, hyalinized, thrombosed, and glomeruloid vessels
may be present.

o Cortical dysplasia or neuronal ectopias are not found in the
adjacent cerebellar cortex.

e RGNT usually shows a relatively sharp margin with the adja-
cent cerebellar parenchyma and lacks diffuse infiltration.

21.5 IMMUNOHISTOCHEMISTRY

e The center of the neurocytic rosettes and the neuropil of the
perivascular pseudorosettes are positive for synaptophysin
with a granular pattern of staining (Fig. 21.3).

e The cytoplasm and cytoplasmic processes of neurocytic
cells are positive for MAP-2 and neuron-specific enolase
(NSE).

e Ganglion cells are immunopositive for synaptophysin and
neurofilament protein (NFP) and often negative for chro-
mogranin A.

e The glial component is positive for GFAP and S-100.

e Oligodendroglial-like cells are negative for GFAP and synap-
tophysin and immunopositive for S-100.

e MIB-1 labeling indices are low (range 0.35-3.07%; mean
1.58%).
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21.6 ELECTRON MICROSCOPY

e The neurocytic cells show cytoplasmic processes containing
parallel microtubules, and dense-core granules and forming
well-developed synaptic contacts.

e When forming rosettes, these neurocytic cells are closely
apposed with the cytoplasmic processes seen toward the cen-
ter of the rosette.

e The glial component shows numerous bundles of intermedi-
ate filaments within the cytoplasm.

o Cilia or microvilli are not present.

21.7 MOLECULAR PATHOLOGY

e No association with familial tumor syndromes has been
reported.
e Only one reported patient had a Chiari type I malformation.

21.8 DIFFERENTIAL DIAGNOSIS

o The main differential diagnosis is DNET. DNET is a supraten-
torial, benign, intracortical tumor occurring in children and
young adults (usually less than 20 years of age) and highly
associated with seizures.

o Key histological feature of DNET is the specific glioneuronal
element composed of a columnar arrangement of oligoden-
droglial-like cells and microcysts with “floating neurons.”

— In addition, cortical dysplasia is commonly found in the
adjacent cortex in DNET.

— On the contrary, all reported cases of RGNT have been
described in the posterior fossa. Patients usually present at
an older age and with progressive neurologic deficits; these
features are atypical for a DNET.

— Seizures are not a characteristic finding in RGNT.

— Histologically, a distinguishing feature of RGNT is the for-
mation of neurocytic and perivascular pseudorosettes, which
are not seen in DNETs.

e Another diagnostic consideration is central neurocytoma. A
prominent glial component as seen in RGNT is not a feature
of neurocytoma.

21.9 PROGNOSIS

e RGNT shows an indolent clinical behavior and, as such, it is
classified as a WHO 2007 grade I tumor.

e Gross total resection without adjuvant therapy results in
recurrence-free, long-term survival.

— Only one example of tumor recurrence occurring 10 years
after initial resection, has been reported.

— Only one example of tumor-associated fatality is on record.
In this example, the patient was a 52-year-old woman who
was treated with partial resection and irradiation. She
subsequently developed progressive bulbar dysfunction
and a new ring-enhancing lesion near the operative bed.
Autopsy was not performed and the cause of death remains
unclear.
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Fig. 21.1. (a) Low and (b) intermediate magnifications showing a diffuse resetting pattern in an example of RGNT of the fourth ventricle.

Fig. 21.3. Synaptophysin immunopositivity is present in the acellular
core of the rosettes in RGNT.

Fig. 21.2. Higher magnification showing the biphenotypic cellular popu-
lation often seen in RGNT.
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22.1 OVERVIEW

Malignant epithelioid glioneuronal tumor (MEGNT) is the
name proposed for a high-grade tumor showing both glial
and neuronal differentiation. This tumor is not included in
the current 2007 WHO classification of tumors of the central
nervous system, but examples described so far have shown an
aggressive behavior.

22.2 CLINICAL FEATURES

Three pediatric and three adult cases have been described so
far with an age range between 5 and 84 years.

The three pediatric cases occurred in males, while the adult
cases occurred in one female and two males.

Patients usually present with signs and symptoms of increased
intracranial pressure or symptoms related to the location of
the lesion.

22.3 NEUROIMAGING

All reported cases are supratentorial with a predilection for
the frontoparietal region.

MRI scans show large heterogeneous lesions with associated
edema and mass effect (Figs. 22.1-22.3).

The lesions enhance after contrast administration either with
aring-enhancing pattern (Fig. 22.1b), a solid enhancing com-
ponent (Fig. 22.2b), or heterogeneous contrast enhancement
(Fig. 22.3b).

e A cystic, necrotic appearing component may be seen.
e Multicentric lesions were described in two adult patients.
e CT scans are characterized by hyperdense lesions.

22.4 PATHOLOGY

At surgery, the tumors are relatively well circumscribed and
highly vascular.

e Dural attachment has been described in two cases.
o Grossly, the tumors are circumscribed and show a variegated

appearance with solid, cystic, and necrotic regions (Figs. 22.4
and 22.5).

Intraoperative cytologic imprints or smears are characterized
by hypercellularity with a mixed population of tumor cells
(Fig. 22.6), including large epithelioid cells, small undifferen-
tiated cells, spindle cells, and sometimes infiltrating lympho-
cytes (Fig. 22.7).

Cell-wrapping may be prominent (Fig. 22.6).
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The most striking histologic feature of these tumors is an
epithelioid cell component consisting of large cells with open
chromatin and prominent nucleoli (Figs. 22.8 and 22.9).
Epithelioid cells have abundant eosinophilic, often vacuo-
lated (Fig. 22.10) or clear cell (Fig. 22.10) or xanthomatous
(Fig. 22.11) cytoplasm and well-defined cell borders.

e Multinucleated forms may be present.
e Cells may have a ganglioid and/or rhabdoid appearance

(Fig. 22.12).

Other cellular components include small undifferentiated,
PNET-like cells (Figs. 22.13 and 22.14), an undifferentiated
cell-epithelioid cell transition (Fig. 22.15) and spindle cells
arranged in short fascicles (Fig. 22.16).

The tumors may have an ill-defined nodular architecture. In
some areas, a sharp circumscription with adjacent brain is
identified, while in other regions tumor cells are seen infiltrating
brain parenchyma.

Vascular proliferation has been identified in all pediatric
cases.

Necrosis, including pseudopalisading necrosis (Fig. 22.17),
is usually present.

Mitotic activity is conspicuous.

22.5 IMMUNOHISTOCHEMISTRY

The tumors are positive for GFAP (Fig. 22.18), vimentin
(Fig. 22.19), S-100, and one or a combination of the following
neuronal markers: synaptophysin (Fig. 22.20a), chromogranin
A (Fig. 22.20b), neurofilament protein (Fig. 22.20c), Neu-N
(Fig. 22.20d), and MAP-2 (Fig. 22.20e).

e P53 immunoreactivity has also been described.
e Co-expression of GFAP, synaptophysin, and chromogranin A

has been observed.

EMA (Fig. 22.21) and aberrant desmin (Fig. 22.22) positivity
have been described in the pediatric tumors.

All pediatric tumors were positive for INI-1 protein expres-
sion (Fig. 22.23).

Tumor cells are consistently negative for cytokeratins, smooth
muscle actin, myogenin, and Myo-D1.

MIB-1 shows variable but generally high labeling indices
with up to 60% proliferation index (Fig. 22.24).

22.6 ELECTRON MICROSCOPY

A mixed population of tumor cells is identified including
large and small undifferentiated cells.

Evidence of neuronal differentiation includes synaptic junctions
(Fig. 22.25), dense core neurosecretory granules, and cyto-
plasmic processes with microtubules (Fig. 22.26).
Intermediate filaments are also identified (Fig. 22.27).
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22.7 MOLECULAR PATHOLOGY

e Cytogenetic studies performed in two of the pediatric cases
failed to show any consistent abnormality.

e FISH for HSNF5/INII locus deletion and chromosome 22
monosomy performed in one pediatric case showed no
abnormalities.

22.8 DIFFERENTIAL DIAGNOSIS

e The mixed population of large epithelioid cells and small
undifferentiated cells may raise atypical teratoid rhabdoid
tumor (ATRT) as a major differential diagnosis, especially in
the pediatric population.

e However, ATRT is more common in the posterior fossa.

e FISH with INI-1 locus-specific probe shows allelic deletion
in ATRT giving rise to negative INI-1 immunohistochemistry.
This deletion is not seen in MEGNT.

e The biphenotypic population of cells also raises anaplastic
ganglioglioma as part of the differential diagnosis.

e Evidence of a preceding low-grade ganglioglioma is not
found in MEGNT cases.

e The rhabdoid appearance of the epithelioid cells may raise
the possibility of pleomorphic rhabdomyosarcoma. However,
MEGNT is negative for Myo-D1 and myogenin, which are
positive in pleomorphic rhabdomyosarcoma.

e In addition, there is no ultrastructural evidence of myogenic
differentiation in MEGNT.

e Epithelioid glioblastoma is another important differential diag-
nosis especially in adults. The epithelioid cells in glioblastoma

should not show immunopositivity for neuronal markers as is
seen in MEGNT.

22.9 PROGNOSIS

e The described cases have shown an aggressive behavior with
rapid progression and death in less than a year after diagno-
sis, despite aggressive surgery, radiation, and chemotherapy.

e Varlet et al. described 40 cases of malignant glioneuronal
tumors of which 22 (55%) had epithelioid features. They
reported that their subset of malignant glioneuronal tumors may
have a better prognosis than typical malignant gliomas with
gross total surgical resection being curative in some cases.

— These tumors reported by Varlet et al. may represent a dif-
ferent subset of glioneuronal tumors distinct from the ones
described above as MEGNT.

o Further characterization of subgroups of glioneuronal tumors
should allow more appropriate classification and reliable
definition of prognosis.
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Fig. 22.1. (a) Sagittal T1-w image showing a frontal lobe mass lesion, (b) Coronal T1-w postcontrast image with heterogeneity, and ring-type
contrast enhancement, and (¢) axial T2-w image with massive peritumoral edema. (d) Diffusion weighted image showing regions of increased
and mild restricted diffusion.
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Fig. 22.2. (a) Axial T1-w image showing a partially cystic fronto-parietal mass, (b) axial T1-w postcontrast image showing heterogenous
enhancement, and (c¢) axial T2-w image showing heterogeneous signal intensity in mass with surrounding edema. (d) ADC map showing
increased diffusion around the mass and restricted diffusion in the central parts of the mass.
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Fig. 22.3. (a) Axial T1-w image showing a parietal lobe mass lesion, (b) coronal T1-w postcontrast image with heterogenous, contrast enhance-
ment, and (c¢) axial T2-w image with a cystic component and minimal peritumoral edema. (d) Diffusion-weighted image showing mild restricted
diffusion in mass.

Fig. 22.4. Well-circumscribed tumor excised from the same patient as ~ Fig. 22.5. Cut surface shows a tan fish flesh solid component and a
in Fig. 22.1. yellow necrotic component.
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Fig. 22.6. Intraoperative smear preparation showing discohesive cells  Fig. 22.8. Low-power overview showing a mixed population of epithe-
with large vesicular nuclei and nucleoli. Some of the cells have a thab-  lioid tumor cells and lymphocytes.

doid appearance with abundant eosinophilic cytoplasm and eccentric

nucleus. Cell wrapping is readily appreciated. There is a background

tumor diathesis in this touch preparation.

Fig. 22.7. Intraoperative smear preparation from another example with ~ Fig. 22.9. Higher magnification showing sheets of epithelioid cells
a component of infiltrating lymphoid cells. with large vesicular nuclei and prominent nucleoli.

Fig. 22.10. (a) Epithelioid cells with variable number of infiltrating lymphocytes and few cells with cytoplasmic vacuolation and (b) epithelioid
cells with clear cell features.
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Fig. 22.11. Region of epithelioid cells with some of the cells showing  Fig. 22.12. Region of tumor showing epithelioid cells with a rhabdoid
xanthomatous change. or ganglioid appearance (upper field) and sheet of undifferentiated
small cells (lower field) with little indistinct cytoplasm.

Fig. 22.13. An overview of the intimate intermixture of epithelioid cell ~ Fig. 22.14. A close-up showing the poorly differentiated small cell
clusters and undifferentiated small cells. component in another tumor.
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Fig. 22.15. A transition or progressive differentiation from small undif-  Fig. 22.17. Pseudopallisaded necrosis may be present and is a feature
ferentiated cells (left upper field) to epithelioid cells (right lower field)  shared with high-grade glioma, glioblastoma.
is present in this tumor.

Fig. 22.16. Region with tumor cells showing an oval to spindle cell ~Fig. 22.18. Strong GFAP positivity is seen in the tumor cells.
configuration.
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Fig. 22.19. Variable expression of vimentin is often present.

Fig. 22.21. Expression of EMA is seen in a subset of tumor cells.

Fig. 22.20. Expression of neuromarkers may include (a) diffuse expres-
sion of synaptophysin, (b) focal expression of chromogranin, (c) a diffuse
expression of neurofilament protein, (d) nuclear expression of Neu-N,
and (e) diffuse expression of MAP2.
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Fig. 22.22. Aberrant expression of desmin in the absence of myogenin
or myoD1 may be seen. Fig. 22.24. Immunostain for Ki67 in a tumor showing high prolifera-

tion index.

Fig. 22.23. Tumor cells showing INT1 protein expression, a feature excl- ~ Fig. 22.25. Electron microscopy showing cellular formation of synap-
uding this entity from the group of atypical teratoid rhabdoid tumors. tic junction.
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Fig. 22.27. Intermediate filaments consistent with glial differentiation
are present in tumor cells.

Fig. 22.26. Tumor cells form cytoplasmic processes containing micro-
tubules and dense core neurosecretory ganules.
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23.1 OVERVIEW

Encapsulated, benign neoplasm composed of neuroendo-
crine cells arranged in a lobular fashion arising from the
autonomic ganglia (paraganglia) of the sympathetic and
parasympathetic chains.

The parasympathetic variety tends to arise predominantly in
the head and neck region often along the jugular veins and
carotid arteries, with direct extension into the cranial vault.

e Sympathetic paragangliomas are typically retroperitoneal.
e Best characterized paragangliomas of the central nervous sys-

tem (CNS) are those of the filum terminale (WHO grade I).

23.2 CLINICAL FEATURES

Paragangliomas of the CNS are relatively uncommon with
the majority located in the lumbar cistern (particularly asso-
ciated with the cauda equina).

Of cauda equina lesions, paragangliomas only make up
approximately 3—4%. Other spinal levels are far less com-
monly involved.

Intracranial paragangliomas are usually seen as a result of
direct extension of jugular (glomus jugulare) or carotid body
lesions. Rare, purely intracranial paragangliomas have been
reported in the sellar region, cerebellum and in the cerebral
hemispheres.

Age distribution is wide ranging from children to older adults
with peak age in the fifth decade. There is a slight male
predominance.

Presenting symptoms are typically related to location of the
lesion.

Intracranial lesions, particularly glomus jugulare, present
with pulsatile tinnitus or cranial nerve dysfunction.
Paragangliomas of the cauda equina often present with low
back pain and rarely, paralysis or sensory deficits can occur.
The vast majority of paragangliomas of the CNS are non-
functional, though rare functional intracranial and cauda
equina lesions have been reported.

23.3 NEUROIMAGING

There are no specific imaging findings purely associated
with paragangliomas.

On MRI, the lesions often have a well-circumscribed, cystic
appearance that is hypointense or isointense to the spinal
cord on T1-weighted images (Fig. 23.1).

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
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In the cauda equina, the presence of congested, ectatic vessels
and a rim of low signal intensity or “cap sign” on T2-weighted
images may be helpful in distinguishing this lesion from myx-
opapillary ependymoma radiographically, given the vascular-
ity of paragangliomas compared to that of ependymomas.

A rare intracranial and hemispheric paraganglioma is isointense
on T1 and hyperintense on T2 weighted imaging with diffuse
contrast enhancement post-gadolinium (Figs. 23.2 and 23.3).
Computed tomography shows the lesion as an isodense,
homogenously enhancing mass lesion post-contrast; how-
ever, noncontrast scans may not detect the lesion.

23.4 PATHOLOGY

Gross appearance:

— Soft, tan-pink to red-brown, encapsulated tissue. Lesions
of the cauda equina have a classic ovoid or “sausage”
shaped appearance, are well encapsulated, and are often
attached to the filum or nerve root.

Histology:

— Despite location, paragangliomas have a microscopic
appearance that closely resembles normal paraganglia.

— They are composed of bland neuroendocrine cells (chief
cells) arranged in nests or “Zellballen” structures separated
by fine fibrovascular septa (Figs. 23.4-23.7).

— Interspersed among the nests of chief cells are spindled
cells with long inconspicuous processes termed sustentac-
ular cells; these are better visualized with S-100 protein
immunostain (Fig. 23.8).

— Some paragangliomas can have ganglion cell differentiation
with presence of ganglion cells in varying proportions.

— Melanotic paragangliomas have also been reported
(Figs. 23.9-23.13).

— Focal necrosis and rare mitoses can be seen and do not
impact prognosis.

23.5 IMMUNOHISTOCHEMISTRY

The chief cells are positive for neuronal markers such as synap-

tophysin and chromogranin.

— Neurofilament and neuron specific enolase can also be used,
but are less sensitive.

The sustentacular cells are positive for S-100 protein, and may

show focal positivity with GFAP (Figs. 23.8-23.11).

23.6 ELECTRON MICROSCOPY

The classic feature is the presence of neurosecretory granules
in the chief cells which also have interdigitating processes.
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e Basal lamina is seen at the interface between the “Zellballen”
structures and intervening septa.

23.7 MOLECULAR PATHOLOGY

e While there is no genetic alteration specific for CNS paragan-
gliomas, some genes have been associated with predisposition
to formation of paragangliomas and pheochromocytomas.

e Familial or inherited syndromes associated with paragan-
gliomas include von Hippel Lindau disease (VHL gene
3p25-26), neurofibromatosis type 1 (NFI gene 17q11.2), and
multiple endocrine neoplasia type 2 (RET gene 10q11.2).

e Mutations in the succinate dehydrogenase genes subunits B,
C, and D (SDHB, SDHC, SDHD) have been shown to be
associated with systemic paragangliomas, SDHD with mul-
tiple paragangliomas of the head and neck and SDHB with
pheochromocytomas.

23.8 DIFFERENTIAL DIAGNOSIS

e The main differential diagnosis for cauda equina paragan-
gliomas is myxopapillary ependymoma with nearly identical
clinical presentation, location, and gross appearance.

e However, these lesions can be easily differentiated micro-
scopically.

e Primary cerebral melanotic paraganglioma must be distin-
guished from primary CNS malignant melanoma or pigmented
choroid plexus carcinoma, both of which are relatively easily
distinguished by their high grade anaplastic features and from
meningeal melanocytoma which shows a diffuse nuclear immu-
nopositivity for S-100 protein.

23.9 PROGNOSIS

e Prognosis of CNS paragangliomas is favorable with outcome
correlating more closely with location and extent of tumor
growth at time of presentation than with histologic appearance.

e Metastasis of CNS paragangliomas is rare.

— Metastasis occurs in approximately 5% of carotid body and
glomus jugulare tumors.
— Recurrence is commonly seen in these locations.

e In the cauda equina, paragangliomas are curable with complete

resection.

— Recurrence occurs in 4% of cases.

— Cerebrospinal fluid seeding has been reported.

— Metastasis of a spinal paraganglioma is exceedingly rare
with few cases reported.
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Fig. 23.1. Abnormal expansion of cauda equina by a mass lesion (a) hyperintense on T2-w imaging, and (b) isointense on T-1 w imaging.
Radiologic differential diagnosis includes paraganglioma and myxopapillary ependymoma.

Fig. 23.2. Melanotic paraganglioma arising in the temporal horn of the lateral ventricle post radiation therapy for Langerhan’s histiocytosis and
showing (a) sagittal T-2-w image and (b) sagittal T1-w image with intraventricular cyst and diffuse enhancement of solid component post
gadolinium.
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Fig. 23.3. (a) Axial FLAIR and (b) coronal T1-w images post gadolinium showing a cystic component, solid component, and peritumoral edema.

Fig. 23.4. A lobulated or organoid/nesting pattern with intervening Fig. 23.5. Reticulin stains demonstrating the reticulin framework
fibrovascular septa. underlying the nesting pattern.
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Fig. 23.6. Plastic section showing the classic ‘“Zellballen” pattern char-  Fig. 23.9. Intraoperative touch preparation showing the monomorphic

acteristic of paraganglioma. population of benign tumor cells and pigmentation in a melanotic para-
ganglioma. Note the lack of anaplasia that is typically seen in malignant
melanoma.

Fig. 23.7. Close up view of the “Chief” cells representing the neoplastic
cells of paraganglioma.

Fig. 23.10. Diffuse pigmentation resulting from melanocytic differen-

b ’? tiation as seen here is uncommon in paraganglioma.
> ‘ L{ o r¥
* - !

Fig. 23.8. Immunostain for S-100 protein highlights the sustentacular
cells.
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Fig. 23.11. Immunopositivity for S-100 protein in the sustentacular  Fig. 23.13. Paragangliomas show variable but generally low prolifera-
cells allows a differentiation of melanotic paraganglioma from menin-  tion index by immunostaining for Ki-67.
geal melanocytoma and malignant melanoma.

Fig. 23.12. Melanotic paraganglioma demonstrating only a rare cell
positivity for HMB-45.



Section F: Neurocutaneous Syndromes

Tarik Tihan

Abstract This section includes a unique set of tumor predisposing syndromes characterized by
the presence of cutaneous lesions or tumors, as well as tumors involving the CNS and other
organ systems. Notable are the neurofibromatosis 1 and 2, tuberous sclerosis, Von Hippel-Lindau
disease, Cowden disease and L’hermitte Duclos disease. Rhabdoid predisposition syndrome rep-
resents another member of the group of tumor predisposition syndromes, but it is discussed in a
different section along with ATRT.
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24.1 OVERVIEW

e Neurofibromatosis 1 (NF1) is an inherited, multisystem dis-
order that is characterized by the formation of numerous
tumors, among which neurofibromas constitute the
majority.

e The incidence of NF1 is approximately one in every 2,500—
3,000 births.

e A set of diagnostic criteria has been established by the NIH
for NF1 as listed below.

24.2 CLINICAL FEATURES

e The diagnosis of NF1 requires two or more of the following:

— Six or more “cafe-au-lait” macules that are greater than
0.5 cm in children.

— Two or more cutaneous/subcutaneous neurofibromas or
one plexiform neurofibroma.

— Axillary or groin freckling.

— Optic glioma; i.e., pilocytic astrocytoma of the optic tract.

— Two or more Lisch nodules.

— Bone dysplasia with or without pseudoarthrosis.

— First degree relative with documented NF1.

24.3 NEUROIMAGING

e Typically the neuroimaging features of lesions in NF1 are
those of neurofibromas (Chapter 14) and astrocytic neo-
plasms. Plexiform neurofibromas are detected radiologically
in up to half of all patients with NF1.

e Plexiform neurofibromas appear as heterogeneous masses
which extend along nerve fascicles with low T1 signal
intensity as compared to brain tissue and can be hyperin-
tense on T2 images with central hypointensity called the
“target sign.”

— They may show variable gadolinium enhancement.

— Plexiform neurofibromas rarely occur intracranially, in
which case they can extend into the orbit, cavernous
sinus, and paranasal sinuses.

— Intra or paraspinal plexiform neurofibromas have a
slightly higher signal intensity compared to skeletal
muscle on T1-weighted images and have variable inten-
sity on T2-weighted images.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,

— Pilocytic astrocytomas often involve the optic nerve in a
fusiform fashion and are hyperintense on T2-weighted
images.

— Contrast enhanced images demonstrate tumor filling the
optic nerve sheath without a cystic component.

— Pilocytic astrocytomas can also occur outside the optic
nerve and are similar to sporadic examples.

T2-weighted and FLAIR images often demonstrate small,

multiple hyperintense lesions within the brainstem, basal

ganglia, splenium of the corpus callosum, and cerebellar
white matter in patients with NF1.

— These abnormalities are nonenhancing after contrast,
and signal on T1 images is often normal.

— They appear around the age of 3 years, increase in size
and number until age 12, and then decrease subsequently
(Figs. 24.1-24.3).

24.4 PATHOLOGY

Neurofibromas

— Plexiform neurofibromas are typical of NF1, cause dif-
fuse enlargement of large nerves, and involve multiple
roots or fascicles, resulting in a typical “rope-like” or
bosselated appearance (Fig. 24.4).

— Plexiform neurofibromas are microscopically ill defined
with a nodular architecture and infiltrative pattern
(Fig. 24.5).

— Some neurofibromas in the setting of NFI may have
cellular and atypical histological features (Fig. 24.6).

Malignant peripheral nerve sheath tumors (MPNSTs)

— The majority of MPNSTSs that occur in the setting of
NF1 are high grade sarcomas.

— The tumors often have regions resembling benign periph-
eral nerve sheath tumors, but also harbor pleomorphic,
epithelioid, and myxoid patterns (Fig. 24.6).

— The definition of a high grade MPNST is difficult, but
markedly increased mitotic rate, necrosis, and cellular
anaplasia are most commonly accepted criteria (see
section on MPNST).

Astrocytomas

— While most astrocytic neoplasms seen in the setting of
NF1 are pilocytic astrocytomas, infiltrating astrocytomas
including glioblastomas can also be seen.

Macroscopic and histological features of infiltrating
astrocytomas in NF1 are essentially identical to those of
the sporadic examples.

DOI 10.1007/978-1-4419-1062-2_24, © Springer Science + Business Media, LLC 2010
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e Other non-CNS tumors
— NF1 is associated with an increased incidence of a num-

ber of non-CNS neoplasms including the following:

e Soft tissue neoplasms such as rhabdomyosarcoma, juvenile
xanthogranuloma, gastrointestinal stromal tumor, and
paraganglioma.

e Neuroendocrine neoplasms such as pheochromocytoma,
ganglioneuroma, carcinoid tumors, and medullary thyroid
carcinoma.

24.5 MOLECULAR PATHOLOGY

e The gene for NF1 was cloned on chromosome 17q11.2 and
is composed of 60 exons. The cytoplasmic protein product
of the gene is neurofibromin, which acts as a tumor sup-
pressor and is widely expressed in the CNS. Neurofibromin
is considered within the GTP-ase activating protein (GAP)
family.

e Almost half of the cases represent new mutations, while the
rest are familial.

e One of the major functions of neurofibromin is to inactivate
p2lras, thereby inhibiting cell proliferation.

24.6 PROGNOSIS

e Prognosis of NF1 is highly dependent on the extent and
location, as well as types of tumors in a patient, and is there-
fore difficult to predict. Features associated with a poor
prognosis include the following:

— Emergence of MPNST.
— High grade infiltrating astrocytomas.
— Late-onset long bone fractures with non-union.
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Fig. 24.3. Macroscopic appearance of a plexiform neurofibroma from
a 14-year-old boy with NF-1.

Fig. 24.1. Axial T1 MR image showing enlargement and hyperinten-
sity of the right optic nerve in a case of optic nerve glioma.

Fig. 24.2. (a) Axial T1 weighted MR image and (b) coronal T1 weighted MR image, post gadolinium in the same patient as in Fig. 24.1 showing
posterior extension of tumor into the optic chiasm and suprasellar region.
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Fig. 24.5. High power magnification of plexiform neurofibroma with
Fig. 24.4. Low power magnification of the plexiform neurofibroma scattered atypical nuclei and increased cellularity.
from the 14-year-old boy with NF-1. Note the lobulated appearance
and infiltrative pattern.

Fig. 24.6. Malignant peripheral nerve sheath tumor arising in the set-
ting of NF-1 with a myxoid stroma.
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25.1 OVERVIEW

e Neurofibromatosis 2 (NF2) is an inherited autosomal domi-
nant syndrome that is characterized by formation of numer-
ous circumscribed neoplasms including schwannomas,
meningiomas and ependymomas.

25.2 CLINICAL FEATURES

e NF2 has an incidence of approximately one in every 20,000
to 30,000 births.

e The most common tumor associated with the syndrome for
all ages is vestibular schwannoma, but meningiomas are just
as common in the pediatric population.

e The recently revised diagnostic criteria for NF2 include the
following:

— Bilateral vestibular schwannomas (Fig. 25.1) or

— Early onset unilateral vestibular schwannoma (<30-years
old) and two other lesions (schwannoma, meningioma,
neurofibroma, glioma, or juvenile cortical cataract).

— First-degree relative with NF2 and two other lesions (schwan-
noma, meningioma, neurofibroma, glioma, juvenile cortical
cataract).

— Multiple meningiomas and unilateral vestibular schwan-
noma and one other lesion (schwannoma, glioma, juvenile
cortical cataract).

e Male and females are equally affected, and clinical presenta-
tion in children is more diverse than in adults.

e Typically, numerous tumors are present at diagnosis, and a
careful search for all components of NF2 is critical.

25.3 NEUROIMAGING

e Neuroimaging features of neoplasms seen in the setting of NF2
are similar to those of sporadic examples and are discussed
in their respective sections.

e The modality of choice for imaging NF2 is contrast-enhanced
MRYI, since small schwannomas and meningiomas are better
visualized, as compared to CT.

e Both intracranial and intraspinal schwannomas are present
in almost all patients.

— Schwannomas can be intra or extradural in the spinal cord.
— They are isointense to spinal cord on T1-weighted images
and hyperintense on T2-weighted images.
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— They also show uniform (rarely variable) enhancement on
gadolinium.

e Aneurysms and arteriovenous malformations may also be

detected on MR imaging.

25.4 PATHOLOGY

The histologic features of neoplasms seen in the setting of NF2

are similar to their sporadic counterparts and are discussed in

their respective sections.

In addition to the neoplasms mentioned above, the following

lesions can be seen:

— Meningioangiomatosis (Fig. 25.2a)

— Intraneural schwann cell nodules

— Heterotopic ependymal clusters, particularly in the spinal
cord

— Cortical hamartomas (Fig. 25.2b)

Rare examples of other glial neoplasms such as pleomorphic

xanthoastrocytoma have been reported in association with

NF2.

25.5 MOLECULAR PATHOLOGY

The gene for NF2 is located on chromosome 22q12 and con-
tains 17 exons, encoding a 595 amino acid protein,
Schwannomin (merlin).

Schwannomin is widely expressed in schwann cells, arach-
noid cells, and the lens. The protein functions in linking the
actin cytoskeleton to cell membrane glycoproteins.

The gene product is considered to be a tumor suppressor and
regulator of schwann cell and arachnoidal cell proliferation.
The most common genetic mutations in NF2-related schwan-
nomas and meningiomas span exons 1-15 and involve C>T
transitions that change arginine codons to stop codons.

25.6 PROGNOSIS

Early onset of symptoms is associated with reduced survival
in children with NF2.

In general, children have a slightly less favorable prognosis
compared to adults.

Patients with small vestibular schwannomas at diagnosis
(<2 cm in diameter) were shown to have a better survival
probability.

Other variables such as gender, additional tumors in the
CNS, or dermal abnormalities do not appear to influence
prognosis.
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Fig. 25.1. Axial, contrast-enhanced T1-weighted MR image showing
bilateral cerebellopontine angle vestibular schwannomas in a 12-year-
old child with NF2.

Fig. 25.2. Characteristic histologic features of lesions seen in the setting of NF2 (a) meningioangiomatosis and (b) dysplastic neurons in cortical
hamartia (Bielschowsky stain).
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26.1 OVERVIEW

Von Hippel-Lindau (vHL) disease has been attributed to Eugen
von Hippel’s descriptions of the retinal angiomatosis in 1904
and Arvid Lindau’s descriptions of angiomatous tumors in the
cerebellum and spinal cord in 1927. These tumors have subse-
quently been categorized as hemangioblastomas.

vHL disease is an autosomal dominant disorder characterized
by hemangioblastomas in the cerebellum, spine, and cerebum,
retinal angiomas, clear cell renal carcinoma, pheochromocy-
toma, neuroendocrine tumors or cysts of the pancreas, epididy-
mal cystadenomas, and endolymphatic sac tumors.

The disease is caused by mutations of the vHL gene located
on chromosome 3p25-26.

The germline mutation is present in the majority of patients
with vHL disease. The disease has high penetration, and
almost all individuals with germline mutations develop vHL
disease during their lifetime.

26.2 CLINICAL FEATURES

Type 1 vHL syndrome refers to angiomas without pheochro-
mocytoma, and Type 2 refers to angiomas with pheochro-
mocytoma.

Loss or limited vision is one of the more common presenta-
tions of patients with vHL due to retinal hemangioblastomas
(angiomas).

Retinal hemangioblastomas occur in one out of every three
patients with vHL disease. They can be multiple, often
located in the peripheral retina.

Patients with cerebellar hemangioblastomas may present
with ataxia, dysmetria and coordination difficulties.

Patients with spinal hemangioblastomas present with vari-
ous motor or sensory problems based on the tumor location.
Patients with pheochromocytomas can present with paroxys-
mal or sustained hypertension.

Hearing loss is often associated with endolymphatic sac
tumors.

Paraneoplastic polycythemia is seen in some patients with
vHL because of decreased inactivation of erythropoietin.

26.3 NEUROIMAGING

Tumors at various anatomic sites require different modali-
ties, and MRI is the modality of choice for diagnosis, as well
as for screening the CNS in patients with vHL syndrome.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
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e Hemangioblastomas are typically well-defined, solid or
solid-cystic masses with a homogenous enhancement of the
solid component (Fig. 26.1a—c).

e The solid component shows increased diffusion on ADC
maps (Fig. 26.2a, b).

e Endolymphatic sac tumors can be detected both on CT and
MRI, and they appear as irregular, bone-destructive masses
with “moth-eaten” borders. Most endolymphatic sac tumors
have multiple calcified foci, and they variably enhance on
contrast administration.

e While CT can be helpful in detecting renal cell carcinomas,
some cortical or multifocal tumors cannot be readily detected
on CT and may require additional imaging modalities.

26.4 PATHOLOGY

e Hemangioblastomas in vHL syndrome are essentially identi-
cal to sporadic hemangioblastomas on histologic grounds
(Fig. 26.3a—) and are discussed in greater detail in the
hemangioblastoma section.

e Retinal angiomas are also considered capillary hemangio-
blastomas and are histologically indistinguishable from cer-
ebellar or spinal examples.

e Endolymphatic sac tumors arise from the petrous aspect of
the temporal bone and are characterized by papillary archi-
tecture with gland formation in a colloid-like matrix. The
papillae are often lined by a single layer of columnar epithe-
lium with variable cytologic atypia. The tumor often shows
erosion into the bone and may be associated with an inflam-
matory infiltrate. Occasionally, cuboidal epithelial cells may
have cilia.

e Endolymphatic sac tumors are often positive for cytokera-
tins, EMA, and Vimentin, and negative for S-100 protein,
GFAP, synaptophysin or chromogranin.

e Pheochromocytomas are more common in children with
vHL and have histological features identical to sporadic
pheochromocytomas.

e Renal cell carcinomas can complicate vHL, but they are dis-
tinctly more common in adults.

26.5 MOLECULAR PATHOLOGY

e The vHL gene is located on the short arm of chromosome 3
and encodes a 4.7 kb mRNA with three alternately spliced
exons, resulting in two different vHL proteins.

e The vHL protein complexes with a number of other proteins
and functions to ubiquitinate various substrates for degrada-
tion. Two of the key targets of the vHL protein are hypoxia
inducible factors (HIFs), HIF-1alpha and HIF-2alpha.
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e Loss of VHL protein results in the accumulation of HIFs
that leads to the transcription of numerous hypoxia
response genes, such as genes encoding vascular endothe-
lial growth factor (VEGF), and platelet derived growth
factor (PDGF).

e The fate of cells lacking vHL gene is increased proliferation,
and limited or disrupted differentiation.

e Genetic counseling and screening are critical components
of care for vHL patients and their relatives, and should be
implemented.

26.6 PROGNOSIS

e The outcome of patients with VHL disease is varied and
partly depends on the type of tumors in a given patient.

e The most serious cause of mortality is the presence of
renal cell carcinoma, which accounts for about half of
all deaths in vHL disease. This is followed by intracranial

hemangioblastomas. However, the occurrence of renal
cell carcinoma in children with vHL disease is distinctly
rare.

e Retinal capillary hemangioblastomas can cause retinal
detachment or serious visual loss unless they are detected
and treated early.
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Fig. 26.1. An example of VHL disease with multiple cerebellar lesions, one of which on (a) sagittal T1 MRI shows a partially cystic cerebellar
mass with isointense mural nodule/solid component. On (b) and (¢) coronal T1 and T2 MRI respectively, it shows a second purely solid lesion
with contrast enhancement post gadolinium administration. A third lesion (not shown) was present in the brainstem in this patient.
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Fig. 26.2. Diffusion weighted images (a) and (b) showing increased diffusion.

Fig. 26.3. (a) Low magnification, and (b) high magnification microscopy showing diffuse capillary proliferation with interspersed pale, foamy
stromal cells characteristic of hemangioblastoma. (¢) Reticulin stain outlining the proliferating capillaries.
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27.1 OVERVIEW

Tuberous Sclerosis Complex is an autosomal dominant dys-
genetic disorder characterized by hamartomas and neoplasms
involving the CNS, as well as various other tissues.

The causative mutations involve TSC 1 and TSC 2 genes
located on 9q and 16p, respectively.

The definitive diagnosis of TSC is established if at least one
major and two minor criteria are present (see below).

27.2 CLINICAL FEATURES

There are 1-2 million individuals affected by TSC world-
wide. TSC has an estimated prevalence of one out of every
5,000-6,000 births.

e About half of TSC patients have a positive family history.
e The MAJOR diagnostic criteria include:

— Cortical hamartomas (tubers).
— Subependymal nodules.
— Subependymal giant cell astrocytoma (SEGA).
— Retinal nodular hamartomas.
— Cutaneous angiofibromas or adenoma sebaceum.
— Angiomyolipomas.
— Subungual fibromas.
— Cardiac thabdomyomas.
— Pulmonary lymphangioleiomyomatosis.
— Shagreen patch.
Multiple (>3) hypomelanotic macules.
The MINOR diagnostic criteria include:
— Hamartomatous rectal polyps.
— Gingival fibromas.
— Bone cysts.
— Hamartomas other than CNS/retina.
— Multiple renal cysts.
— Skin lesions (various).

27.3 NEUROIMAGING

Several characteristic CNS lesions can be seen in patients
with TSC:

— Cortical tubers are often multiple cerebral lesions with
variable calcifications, sometimes in a gyriform fashion.
The MR appearance of cortical tubers varies with the age of
the patient; in babies, it is T1 hyperintense and T2 hypoin-
tense to white matter, becoming isointense to white matter as

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
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the CNS is myelinated, and then changes to T1-hypointense

(Fig. 27.1) and T2 hyperintense (Fig. 27.2).

Cortical tubers typically do not enhance.

— Subependymal nodules occur along the ventricular surface,
and the imaging appearance varies with the age of the patient.

In infants, the nodules are T1 hyperintense and T2 hypo-

intense.

With myelination, they are often isointense to white matter

on T1-weighted images (Fig. 27.1) and T2-weighted images

(Fig. 27.2).

They show limited and variable enhancement after contrast

administration.

— SEGA is almost entirely an intraventricular tumor and
rarely demonstrates a parenchymal component.

Tumors are isointense to hypointense on T1-weighted images

and isointense to hyperintense on T2-weighted images

(Fig. 27.3a), and show strong diffuse enhancement on gado-

linium administration (Fig. 27.3b).

They often show increased diffusion on ADC maps

(Fig. 27.4).

27.4 PATHOLOGY

Cortical tubers are firm, wart-like protrusions (Fig. 27.5).

— They are composed of jumbled-up elements of neuropil
with bizarre, ganglion-like cells having short processes.
These bizarre cells are often found in clusters in a marked
gliotic background with large collections of glial processes
(Fig. 27.6).

— Microcalcifications are often present.

Subependymal nodules are often calcified and partially

covered by a layer of ependymal cells.

— They are mostly composed of large cells with glial pheno-
types and multinucleated cells with extensive glial processes.

— There is little or no cytological difference between the pre-
dominant cell in a subependymal nodule and the cells of
SEGA.

— Most cells in subependymal nodules have an ambiguous
expression of glial and neuronal markers as in SEGA.

SEGA is a well-circumscribed neoplasm and is considered

WHO grade L.

— The tumor is characterized by gemistocyte-like cells with
ample glassy, eosinophilic cytoplasm (Fig. 27.7a) and
eccentric nuclei with prominent nucleoli in a “streaming”
pattern (Fig. 27.7b, c).

— This pattern portends a more spindled morphology to some
of the tumor cells, and some tumors may display a striking
pleomorphism.

— There is a striking glial background with rich fibrillarity.
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— There are often binucleated or occasionally multinu-
cleated cells, as well as rare mast cells within the
neoplasm.

— Some tumors demonstrate perivascular lymphocytic
infiltrates.

— Rare mitotic figures can be encountered in SEGA.

— Exceptional cases demonstrate necrosis, but this is often in
the form of geographic necrosis.

— Microcalcification may be present (Fig. 27.7d).

27.5 IMMUNOHISTOCHEMISTRY

e Ganglion-like cells in cortical tubers often show a strong
positivity for vimentin (Fig. 27.8a) and weak to no staining
for NFP (Fig. 27.8b) and GFAP (Fig. 27.8c).

— In contrast, dysmorphic neurons, which are also often seen
in tubers, demonstrate positivity for NFP (Fig. 27.8b).

e SEGA is variably positive for GFAP and S-100 protein
antibodies.

— Although the tumor cells are typically GFAP positive, many
cells in SEGA demonstrate an ambiguous glial/neuronal
immunohistochemical pattern, as in subependymal nodules.

— The proliferation indices are often very low.

— Neuronal antibodies, such as neurofilament proteins, class
III beta-tubulin, synaptophysin and Neu-N are only focally
positive in a small percentage of the cells, but the staining
is variable among tumors.

27.6 ELECTRON MICROSCOPY

o SEGA shows evidence of glial as well as neuronal differen-
tiation, including microtubules, occasional dense-core gran-
ules, and, rarely, synapses can be observed.

27.7 MOLECULAR PATHOLOGY

e Linkage studies have provided evidence for two distinct TSC
loci on chromosome 9q34 (TSC1), and on chromosome
16p13.3 (TSC2).

e TSCI and TSC2 gene products are components of a het-
erodimer that is critical in the regulation of a number of cel-
lular functions, including proliferation, and are considered to
be tumor suppressor genes.

e Gene products, tuberin and hamartin, form a complex and
integrate and transmit cellular growth factor and stress sig-
nals to the PI3K/PKB signaling pathway, and negatively
regulate mTOR activity.

e Loss of both TSC1 and TSC2 seems to result in a similar
clinical picture, supporting the suggestion that both the genes
are involved in the same regulatory pathway.

e Mutations of the TSC2 gene are more common than those of
the TSC1 gene.

e Virtually all mutations of TSC1 seem to result in a truncated
gene product.

e Mutations in the TSC2 gene are more varied and include
deletions, missense, nonsense, frameshift deletions/inser-
tions and splice junction mutations.

27.8 PROGNOSIS

e SEGA is essentially a benign neoplasm and can often be
cured by resection.

e In recent years, rapamycin therapy has been suggested for
cases where a gross total resection cannot be achieved.

e Even though prognosis of SEGA is quite favorable, the over-
all prognosis of TSC patients is dependent on the extent of
CNS, as well as extra-CNS lesions.
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Fig. 27.1. Sagittal Tl MR image showing hypointense lesions in the
frontal lobe consistent with tubers.

Fig. 27.2. (a) Axial T2 MR image with multiple subcortical white matter hyperintensities, and (b) axial FLAIR with multiple subcortical hyper-
intensities, consistent with tubers.
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Fig. 27.3. SEGA seen as intraventricular hyperintense mass on (a) Axial T2 MR image, and (b) showing moderate enhancement on axial T1 MR
image, post-contrast.

Fig. 27.4. SEGA showing increased diffusion on diffusion weighted Fig. 27.5. Cortical pallor with poor gray white matter distinction is
images. seen in this coronal section of a cortical tuber.



Fig. 27.6. (a) Low magnification, (b) high magnification microscopy of the cortex, and (c¢) white matter of a cortical tuber showing the
characteristic “disorderly” arrangement of ballooned neurons in a densely fibrillary and “gliotic” neuropil.

Fig. 27.7. (a) Intraoperative cytologic preparation of a SEGA showing the characteristic plump gemistocytic astrocyte-like cells. The same cells
are seen in tissue sections from the same tumor in (b) and (c). (d) Another example of a SEGA with microcalcifications (arrow).
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Fig. 27.8. Immunostains of cortical tubers showing (a) diffuse positivity for vimentin, (b) a ballooned cell (arrow) and a dysmorphic neuron
(arrow head) with negative and a weak positivity for NFP, respectively. (¢) Variable weak to no positivity for GFAP in the ballooned cells of a
cortical tuber.
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28.1 OVERVIEW

28.1.1 I’hermitte-Duclos Disease

L’hermitte—Duclos disease (LDD) also known as dysplastic
cerebellar gangliocytoma is a rare slowly enlarging cerebel-
lar mass lesion composed of dysplastic ganglion cells.

It has features of both hamartoma and benign neoplasm
(WHO grade I).

The exact incidence is unknown although most reports indi-
cate that this is a rare condition.

In the cerebellum, no cases of gangliocytoma have been
reported except in the context of LDD.

28.1.1 Cowden Disease

Cowden disease (CD) is an autosomal dominant disorder
with age-related penetrance.

The incidence of CD is estimated at 1/200,000-250,000,
which is probably underestimated due to underrecognition
of this disease.

It is characterized by multiple hamartomas in a variety of
tissues (i.e., multiple hamartoma syndrome) and a high risk
of breast, thyroid, and endometrial cancers.

It is caused by germline mutations in the PTEN gene, a
tumor suppressor gene located at chromosome10q23.3, and
is allelic to the Bannayan—Riley—Ruvalcaba syndrome with
overlapping clinical phenotypes.

When the diagnosis of CD is made, a long-term follow-up of
the patient, as well as a thorough familial screening (and
genetic consultation) is necessary.

28.1.3 Association Between LDD and CD

LDD may occur as a sporadic, isolated disease or in associa-
tion with CD.

LDD is listed as one of the major diagnostic criteria of CD
established by the International Cowden Consortium.

The frequency of LDD in patients with CS is unknown.

In most cases, the diagnosis of LDD precedes the final diag-
nosis of CD.

All patients with LDD must be thoroughly investigated for
concomitant neoplasms associated with CD.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
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28.2 CLINICAL FEATURES

28.2.1 ’hermitte-Duclos Disease

LDD presents with a longstanding history of vague neuro-
logical symptoms or cerebellar signs related to a progressive
posterior fossa mass. Additional signs and symptoms attrib-
utable to increased intracranial pressure may be seen.
Occasionally manifests as sudden neurological deterioration
due to acute or decompensated chronic hydrocephalus.
Most cases have been identified in young adults, although
there is reportedly a broad range of age at diagnosis from
neonatal period to the eighth decade of life.

The treatment is surgical resection for decompression of the
posterior fossa. Recurrence is not rare, probably due to the
ill-defined margins of the lesion that preclude complete
excision, however, no malignant transformation has so far
been reported.

28.2.2 Cowden’s Disease

Cowden’s disease presents with pathognomonic mucocuta-
neous lesions, characterized by facial trichilemmomas, acral
keratosis, and papillomatous papules, which occur in over
90% of patients.

Other tumors which are part of the major diagnostic criteria
include breast carcinoma, thyroid (non-medullary) carci-
noma, macrocephaly (megalencephaly), LDD, and endome-
trial carcinoma.

CNS manifestations reported include LDD, mental retarda-
tion (minor diagnostic criterion), and vascular malforma-
tions (e.g., venous and cavernous angiomas)/developmental
venous anomalies.

28.3 NEUROIMAGING OF LDD

MRI demonstrates the characteristic “tiger-striped” appear-
ance of the cerebellum and this feature is often sufficient for
diagnosis, although the histopathological findings defini-
tively confirm the diagnosis.

On T2-weighted MR images, the lesion has a unique striated
pattern consisting of alternating bands of high signal inten-
sity and normal signal intensity relative to cerebellar gray
matter (Fig. 28.1).

On T1-weighted MR images, the striations are hypointense
and isointense, respectively, to cerebellar gray matter, with
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slight or no enhancement following gadolinium-DTPA
administration.

e Evidence of mass effect and hydrocephalus is common with
the compression of the fourth ventricle and occasional ton-
sillar herniation.

28.4. PATHOLOGY
28.4.1. Histopathology of LDD

Macroscopically, thickened and distorted folia are observed.
Microscopically, overgrowth of dysplastic/hypertrophic
ganglion cells with massive replacement of the internal
granule cell layer of cerebellum is seen (Fig. 28.2a, b).

e The overlying molecular layer contains abnormally myelinated
fibers, in parallel arrays primarily inits outer portion (Fig. 28.2¢),
which are highlighted with myelin stain (Luxol Fast Blue)
(Fig. 28.2d). Increased cellularity composed of neuronal ele-
ments may be seen in the molecular layer or subpial region.
The Purkinje cell layer is attenuated or absent.

Microscopic calcification and hypervascular parenchyma is
common.

e Vacuolization of the cerebellar white matter and molecular
layer is often seen.

e Mitotic figures are absent.

28.5. IMMUNOHISTOCHEMISTRY OF LDD

e Dysplastic ganglion cells express neuronal markers including
synaptophysin (ring-like pattern of membranous labeling
(Fig. 28.3a), neurofilament protein (Fig. 28.3b) and neu-
ronal nuclear antigen (NeuN) (Fig. 28.3c)). NeuN immuno-
reactivity is characteristically seen in native granule cell
neurons, but is not usually expressed by Purkinje cells and
dentate nuclei neurons in the cerebellum.

e The MIB-1 (Ki-67) labeling index of dysplastic ganglion
cells is usually zero.

e Loss of PTEN protein (Fig. 28.4a) and expression of phos-
pho-AKT and phospho-S6 (Fig. 28.4b) is reportedly observed
in the dysplastic ganglion cells, indicating activation of the
PTEN/AKT/mTOR pathway.

— Demonstrable mTOR positivity supports this hypothesis
(Fig. 28.4c¢).

28.6. MOLECULAR PATHOLOGY

e Germline intragenic mutations in PTEN are detectable in
approximately 80% of patients with CD. Most germline
PTEN mutations are found in exon 5 (31.5%), which encodes
for the phosphatase core motif.

— PTEN is a tumor suppressor gene, which codes for a
phosphatase that negatively regulates the phosphati-
dylinositol 3-kinase (PI3K)/Akt/mTOR pathway. mTOR
phosphorylates ribosomal S6 kinase (S6K) which, in turn,
leads to increased levels of phospho-S6.

— Proper PTEN signaling leads to G1 cell-cycle arrest and/
or apoptosis.

e Mutations in the PTEN promoter are reported to account for
a subset of apparently mutation-negative patients with CD.

e Mouse studies reveal that selective inactivation of Pten in
cerebellar neurons results in a progressive increase in neuronal
soma size with no change in cell number, producing a pheno-
type with striking similarities to human LDD, and elevated
phosphorylation of Akz.

e Itisreported that a PTEN mutation was detected in all tissue
samples from patients with adult-onset LDD, in contrast to
samples from patients with childhood-onset LDD, which
were all found to be without mutations.

e Immunohistochemical pattern of PTEN(-)/phospho-
AKT(+)/mTOR(+)/phospho-S6(+), seen in dysplastic gan-
glion cells in LDD, indicates dysregulation of the PTEN/
AKT/mTOR pathway, which supports the hypothesis that
this signaling pathway plays a major role in histogenesis of
LDD.

27.7. DIFFERENTIAL DIAGNOSIS OF LDD -
CEREBELLAR GANGLIOGLIOMA

e The main differential diagnosis of LDD is cerebellar gan-
glioglioma (GG) which is an uncommon tumor in the poste-
rior fossa.

e LDD may have areas of reactive glial cells in addition to typi-
cal dysplastic ganglion cells, thus raising GG as a major his-
tologic differential diagnosis, especially in a small biopsy.

e The histological distinction between “reactive” glial cells in
LDD and “neoplastic” glial cells in GG is virtually
impossible.

e The most common presenting symptoms of cerebellar GG are
similar to those of LDD, in contrast to supratentorial GGs,
which commonly present with a long history of seizures.

e Radiologically, nearly half of cerebellar GG are cystic and
the majority also show contrast enhancement. Without clini-
coradiological correlation, the histologic distinction from
LDD may be very difficult.
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Fig. 28.1. T2-weighted MR images, showing a striated tigroid pattern consisting of alternating bands of high signal intensity and normal signal

intensity in the cerebellum.



Fig. 28.2. (a, b) Cerebellum showing distortion of normal cerebellar architecture by overgrowth of dysplastic/hypertrophic ganglion cells with
massive replacement of the internal granule cell layer of the cerebellum. (¢) Abnormally myelinated fibers in parallel arrays are seen in the
peripheral region of the molecular layer and are highlighted with the (d) LFB (myelin) stain.

Fig. 28.3. Dysplastic ganglion cells are identified by neuronal markers including (a) synaptophysin with cells displaying a ring-like pattern of
membranous labeling, (b) neurofilament protein and (c¢) NeuN.
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Fig. 28.4. Dysplastic ganglion cells showing (a) loss of PTEN protein expression (arrow). The loss of PTEN expression is associated with down-
stream expression and immunopositivity for (b) phospho-S6, and (¢) mTOR and is consistent with constitutive activation of the PTEN/AKT/
mTOR pathway.



Section G: Tumors in the Region of the Pituitary Fossa

Tarik Tihan

Abstract This section presents the diverse tumors that occur in the region of the pituitary fossa
including pituitary adenoma, pituicytoma and rare entities like granular cell tumor and spindle
cell oncocytoma followed by craniopharyngioma.
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29.1 OVERVIEW

Pituitary adenomas:

— Benign neoplasms arising from adenohypophysis and
are reviewed within the context of tumors of endocrine
organs in WHO classification schemes.

— Represent the most common lesion of the pituitary
fossa/sella region. Most are sporadic, although a small
percentage arise in the context of Multiple Endocrine
Neoplasia (MEN) type 1, in association with hyperpla-
sia/neoplasia of the pancreas and parathyroid
adenomas.

— They are distinctly less common in children than in
adults; less than 10% of all pituitary adenomas present in
the pediatric age group.

They are approximately twice as common in females than in

males.

— By convention, macroadenomas are >10 mm while
microadenomas are <10 mm in dimension. The former
are more frequently nonfunctioning from a hormonal
standpoint, while most microadenomas come to clinical
attention due to endocrinopathy. Microadenomas are not
infrequently encountered within the pituitaries of elderly
adults as incidental autopsy findings.

Rare tumors that occur within the sellar region include the

granular cell tumor of the neurohypophysis, pituicytoma

(infundibuloma), and spindle cell oncocytoma of the

adenohypophysis.

— Our experience thus far with these rare lesions is virtu-
ally limited to adults, and the incidence of any of these in
children is unknown.

— Granular cell tumor and pituicytoma are thought to be of
glial derivation, while folliculostellate cells represent the
possible origin of spindle cell oncocytoma.

— Given their rarity, detailed information on the nature and
behavior of these neoplasms is limited.

29.2 CLINICAL FEATURES

Typical signs and symptoms of pituitary neoplasia in adults
are also commonly seen in children. Visual deterioration,
headaches, and endocrinopathies constitute the most com-
mon presenting problems. Seizures are an uncommon form
of presentation.

The majority of pituitary adenomas in children are hormon-
ally active.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
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Pituitary apoplexy can occur in children with pituitary

adenomas.

— Sudden development of headaches, vomiting, fever and
meningeal syndrome along with deficiencies of one or
more serum pituitary hormones are indicative of pituitary
apoplexy.

None of the rarer tumors of this region (granular cell tumor,

pituicytoma, or spindle cell oncocytoma) present with dis-

tinguishing signs/symptoms to differentiate them from pitu-
itary adenomas.

29.3 NEUROIMAGING

Radioimaging characteristics of pituitary adenomas in chil-

dren are likewise similar to those in adults. There is often

distortion of the sella turcica and the tumor may extend into
the suprasellar space.

MRI typically reveals a Tl-hypointense and a T2-

hyperintense or isointense mass.

Occasionally in children with macroadenomas, there may be

areas of associated hemorrhage that are T1-hyperintense.

Pituitary microadenomas are typically nonenhancing on

enhanced MRI contrast.

Most pituitary macroadenomas show diffuse enhancement

after gadolinium administration, but tumors with hemorrhage

may show heterogeneous enhancement (Fig. 29.1).

Granular cell tumor:

— Some examples can be rather large, and most typically
appear as solid T2-hyperintense masses that show promi-
nent contrast enhancement.

Pituicytoma:

— They are located in proximity to the infundibulum and
can be large, extending into suprasellar space.

— These tumors clinically present like nonfunctioning ade-
nomas and are radiologically solid and uniformly con-
trast enhancing.

Spindle cell oncocytoma:

— Distinguishing radioimaging characteristics for spindle
cell oncocytoma have not been delineated.

29.4 PATHOLOGY

Gross: adenomas are generally soft and tan, though may
have areas of hemorrhage. The other tumors depicted above
may have similar macroscopic characteristics, but our expe-
rience is limited.

Intraoperative smears/frozen section:

— Adenomas are often composed of a discohesive pattern
of a monotonous population of cells with abundant, well-
defined cytoplasm, and bland nuclei with fine “salt and
pepper”’ chromatin pattern.
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Variability in nuclear size may be encountered.

Nuclei are frequently eccentric, giving the cells a plasmacy-

toid appearance (Fig. 29.2).

— Rarely, papillary structures can be observed.

—  When admixed with significant amount of normal pituitary,
the homogenous characteristic of the smear may be lost.

— Normal pituitary tissue is substantially more difficult to
smear in comparison to adenomas.

Frozen Section:

— Typically, routine cases of pituitary adenomas do not
necessitate a frozen section evaluation. Almost all cases
that require frozen section are unusual examples and
should be approached with caution.

— The key to diagnosis of an adenoma is the architectural
patterns i.e., loss of normal pituitary lobular architecture
and loss of the normal heterogeneity of the epithelial
cells (Fig. 29.3).

Cytologlcal features other than uniformity can be misleading.

In some cases, the nested appearance of the tumor may
simulate normal pituitary, and rare tumors also show
some cytological heterogeneity, confounding an accurate
diagnosis (Fig. 29.4).

— A tissue sample should always be saved for routine
analysis.

Histology

Pituitary adenoma:

— The tumor is composed of loosely cohesive epithelial cells
forming nests, ribbons, festoon-like structures, diffuse
sheets, and occasionally, papillary formations (Fig. 29.5).

— Adenomas do not harbor any peritumoral fibrotic tissue
or a true capsule.

— Scattered mitotic figures can be seen in some adenomas,
along with isolated cells with bizarre nuclear profiles.
Mitoses can be more easily identified in adenomas from
children compared to adults.

— Most resection specimens also include a fragment of
compressed and distorted normal pituitary at the periph-
ery, which can aid in the diagnosis.

— Microadenomas need to be sampled adequately for accurate
diagnosis, and may necessitate special studies (see below).

— Rare adenomas present with sudden hemorrhage, which may
ultimately hamper accurate identification of the neoplasm on
microscopic examination, necessitating special studies.

— ACTH producing adenomas can exhibit Crooke’s hyalin
change, which can also be seen in non-neoplastic pitu-
itary (Fig. 29.6).

— One of the most useful special stains is Reticulin, which
highlights the lobular architecture of the normal pituitary
and the destruction of this network in adenomas.

Use of this stain can be particularly helpful in microad-
enomas (Fig. 29.7).

Atyplcal pituitary adenoma:

Some pituitary adenomas demonstrate “Atypical” histo-
logical features that have been associated with a slightly
more aggressive behavior.

— These features include: invasive growth, Ki-67 (MIB-1)
labeling index greater than 3%, and positivity of p53 pro-
tein immunohistochemistry.

Granular cell tumor: They are morphologically similar to

granular cell tumors elsewhere in the body.

— Histologically, they are composed of large abundantly
granular, eosinophilic cells forming clusters, nests, and
large lobules.

— They may show marked nuclear pleomorphism, scattered
mitotic figures, and rare multi-nucleated cells.

— Small asymptomatic clusters of granular cells, also termed
“choristomas”, are more common than true granular cell
tumors.

e Pituicytoma:

— These tumors are composed of spindled glial cells in
fascicles and bundles intermixed with scattered lympho-
plasmacytic cells.

e Spindle cell oncocytoma:

— These tumors are composed of spindle cells with bright
eosinophilic cytoplasm, the latter feature due to abun-
dant mitochondria.

29.5 IMMUNOHISTOCHEMISTRY

e Pituitary adenoma:

— The most common set of stains used for pituitary ade-
nomas are the antibodies against pituitary hormones, and
the majority of pediatric pituitary adenomas demonstrate
positive staining with either prolactin (PRL), growth
hormone (GH), Gonadotrophins, ACTH, or TSH.

Bi- or plurihormonal positivity may rarely be seen.

(a) Observed combinations include GH and PRL or
GH-TSH or ACTH-LH.

(b) Rare examples of other combinations have been
reported.

A minority show no hormonal staining compatible with

a null-cell adenoma.

— Tumors are diffusely positive for chromogranin
(Fig. 29.8a) and synaptophysin, and can also demon-
strate focal cytoplasmic keratin positivity, especially
with low molecular weight cytokeratin antibodies.

e Absence of chromogranin stain should raise the suspicion of
a technical error or a different neoplasm.

— Staining for Collagen type IV is a more sensitive and
expensive substitute for reticulin stain.

— MIB-1 or Ki-67 labeling index has been used to deter-
mine biological aggressiveness.

e Atypical pituitary adenomas will have labeling index greater
than 3%.

e Staining for p53 has similarly been associated with more
aggressive biological behavior, as in atypical pituitary ade-
noma (Fig. 29.8b, c).

— In rare instances, use of novel transcription factors spe-
cific for the pituitary, such as pit-1 and neuro-D1 may be
helpful in identifying a tumor as a pituitary adenoma.
These markers are often unavailable in standard clinical
immunohistochemical laboratories.

o Granular cell tumor:

— The tumors often stain strongly with S-100 protein, and
more variably for CD68, and -1 antitrypsin. They are
negative for hormonal markers, GFAP, neurofilament,
cytokeratin, chromogranin, and synaptophysin.

e Pituicytoma:

— Pituicytomas are positive for Vimentin, S-100 protein,
and variably for GFAP.
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— They are negative for hormonal markers, chromogranin,
synaptophysin and cytokeratins.

— A recent study has identified TTF-1 as another marker
for pituicytomas.

e Spindle cell oncocytoma:

— These tumors are negative for hormonal stains, chro-
mogranin or synaptophysin, as well as cytokeratins.

— They express Vimentin, S-100 protein, epithelial membrane
antigen (EMA), as well as mitochondrial antigens that can
be detected with mitochondria specific antibodies.

29.6 ELECTRON MICROSCOPY

e Pituitary adenoma:

— Ultrastructural analysis is often helpful in recognizing
the neuroendocrine nature of pituitary adenomas, which
have abundant neurosecretory granules within the cyto-
plasm of tumor cells (Fig. 29.9).

Most prolactinomas, however, show a limited number
of neurosecretory granules.

— Cells also display cell junctions and a well-developed
endoplasmic reticular network.

— Typically, intermediate filaments are sparse.

— Cells with Crooke’s hyalin or Crooke cell adenomas
demonstrate a marked perinuclear accumulation of inter-
mediate filaments (cytokeratin), which may trap numer-
ous neurosecretory granules.

e Granular cell tumors contain abundant intracytoplasmic
lysosomes while spindle cell oncocytoma contain abundant
mitochondria.

29.7 MOLECULAR PATHOLOGY

e Oncogenes such as Gsp, Ras, CyclinD1, and a group of
other pituitary derived kinases, and tumor suppressor genes
such as MEN1, p53, pl6/CDKN2A, and p27/KIP1 have
been associated with tumorigenesis in specific types of pitu-
itary adenomas.

29.8 DIFFERENTIAL DIAGNOSIS

e The first important diagnostic consideration is ruling out
that the tissue at hand represents something other than non-
neoplastic pituitary gland
— Especially during intraoperative consultations, a normal or
edematous pituitary gland may be mistaken for adenoma.

— A monomorphic population of pituitary cells that is
discohesive on cytology preparations, with abnormal
architectural patterns on tissue sections should be
sought before a diagnosis of pituitary adenoma is
rendered.

— Hyperplasia and lymphocytic or granulomatous hypo-
physitis should be considered in the differential diagno-
ses of a pituitary mass.

e Pituitary adenomas may be difficult to distinguish from
olfactory neuroblastomas on pathological examination,
especially if a clear understanding of tumor location and
radioimaging features are not available to the pathologist.

— Both tumors will be synaptophysin and chromogranin
positive and may have similar histological patterns.

— If staining for cytokeratin shows focal dot-like positivity,
this can be considered supportive evidence for pituitary
adenoma.

— Likewise staining for any of the pituitary hormones effec-
tively rules out olfactory neuroblastoma, as well as any of
the other rare lesions of the pituitary listed above.

29.9 PROGNOSIS

e Extent of resection remains the most critical prognostic factor
in pituitary adenomas.

— Incompletely excised tumors may be treated with radia-
tion therapy, which has been associated with a low rate
of radiation-associated damage or tumorigenesis.

— Radiation treatment presents additional challenges in
young children, due mainly to the increased possibility
of significant neurocognitive deficits.

e The diagnosis of pituitary carcinoma requires documentation
of discontinuous spread to other areas of the CNS or distant
metastasis, and is not based solely on histopathologic findings.

e Granular cell tumors are benign lesions and total surgical
removal is considered curative.

e Pituicytomas are considered to be indolent, although data on
the outcome is very limited.

e The natural course and prognosis of spindle cell oncocy-
tomas has not been fully characterized.
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Fig. 29.3. Frozen section of a pituitary adenoma in a 14-year old child.
Note the faded appearance of monotonous cells and vague nested pattern.

Fig. 29.1. Sagittal contrast-enhanced T1-weighted image of a pituitary
adenoma in a 16 year old.

Fig. 29.2. Intraoperative smear preparation of a pituitary adenoma Fig. 2?-4- Frozen section of a pituitary adenoma simulating normal pitui-
showing discohesive and monotonous epithelial cells. tary with nested appearance and a heterogeneous population of cells.
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Fig. 29.5. Histological patterns of typical pituitary adenoma in children: (a) nested, (b) papillary, (¢) diffuse, (d) ribbon-like, and (e) pseudoglan-
dular architectures.
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Fig. 29.6. Crooke’s hyalin change (arrow) in an ACTH-producing
adenoma.

Fig. 29.7. Reticulin staining in (a) normal pituitary, (b) pituitary adenoma. Note the disruption of the nested reticulin pattern in the adenoma.
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Fig.29.8. (a) Chromogranin positivity is a consistent finding in pituitary adenoma, although it may vary from focal to diffuse. Immunohistochemical

staining for (b) Ki-67 [MIB-1], and (¢) p53 protein in an atypical pituitary adenoma; Ki-67 labeling index was approximately 5% and a signifi-
cant number of adenoma cells show nuclear positivity with the p53 antibody.

Fig. 29.9. Ultrastructural features in a typical pituitary adenoma showing
multiple neurosecretory granules.
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30.1 OVERVIEW

e Craniopharyngiomas are typically midline tumors and have
two distinct variants; the adamantinomatous and papillary.

e Adamantinomatous variant is identical to adamantinoma of jaw
bones. Papillary variant is similar to a squamous papilloma.

e Craniopharyngiomas are currently considered WHO grade I
neoplasms.

30.2 CLINICAL FEATURES

e The adamantinomatous variant occurs mostly in children
and young adults while the papillary variant is typical for
older adults and exceedingly rare in children.

e The most common location is the third ventricle, followed
by the pineal region and the posterior fossa.

Endocrine, visual and behavioral symptoms can be encountered.
Even though they were reported to be more common in
males, the incidence is near equal between genders.

30.3 NEUROIMAGING

e CT is helpful to define the cystic component and calcifica-
tions in adamantinomatous craniopharyngioma.

e MRI offers a more detailed assessment of the tumor extent.
The tumors often appear as lobulated masses and may
encase larger vessels around the third ventricle.

e The cystic component of adamantinomatous craniopharyn-
gioma is often uniformly bright on T2-weighted MR sequences
(Fig. 30.1).

e On Tl-weighted sequences, the cysts can be hypointense to
hyperintense. Calcifications appear as T2-hypointense areas.

e The solid component of the tumor enhances post-contrast
and there can also be peripheral enhancement around the
cysts (Fig. 30.2).

e Papillary craniopharyngiomas are solid masses with homog-
enous enhancement and without obvious cystic elements.

30.4 PATHOLOGY
30.4.1 Histology

e Intraoperative smears
— Often contain a mixture of necrotic-appearing acellular
material with calcifications and cholesterol clefts and
wet-keratin (Fig. 30.3).
— In some smears, sheets of epithelial cells and stellate
reticulum can be seen.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,

e Frozen section:

— The typical frozen section features are cholesterol clefts
and the amorphous “wet-keratin.”

— The epithelial component, as well as cells arranged in
peripheral palisades may not be easily recognizable on
frozen sections, and may appear simply as sheets of cohe-
sive cells (Fig. 30.4).

— The surrounding tissue may demonstrate multiple
Rosenthal fibers, which could lead to an erroneous diag-
nosis of pilocytic astrocytoma.

e The contents of the cysts in craniopharyngiomas are often
described as “machine oil.”

e The adamantinomatous craniopharyngioma is composed of
nodules of epithelial cells that are arranged in palisades
around a loose stromal element with more spindled cells
also known as “stellate reticulum” (Fig. 30.5).

e Wet keratin, cluster of eosinophilic and necrotic keratinized
cells, is a classic histological finding and is often diagnostic
(Fig. 30.6).

e Calcifications (dystrophic and psammomatous), necrotic
tissue and cholesterol clefts are typical features (Fig. 30.7).

e Compact, sheet-like arrangement of epithelial cells can be
seen in adamantinomatous craniopharyngiomas, which can
be confused with the papillary variant.

e Some tumors also contain marked piloid gliosis surrounding
the tumor.

e Other microscopic features include:

— Degenerative and reactive changes including cholesterol
clefts and multinucleated giant cells

— Fibrotic and gliotic surrounding tissue with Rosenthal fibers.

e Variants
— Papillary craniopharyngioma is a rare variant mostly seen

in adults, and extremely uncommon in children.

This lesion resembles a squamous papilloma.

The papillary variants appear to be more common in the
suprasellar region.

30.5 ELECTRON MICROSCOPY

e Electron microscopy is of little use in clinical practice for
diagnosis of craniopharygioma.

e The typical characteristics of palisading epithelial cells are
abundant cell junctions, well-formed desmosomes and basal
lamina formation.

30.6 IMMUNOHISTOCHEMISTRY

e The epithelial component is strongly positive for cytokera-
tins, especially CK7, CK19 and other high molecular cytok-
eratin antibodies.

DOI 10.1007/978-1-4419-1062-2_30, © Springer Science + Business Media, LLC 2010
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The tumors are typically negative for germ cell markers
(PLAP, AFP, HCG), GFAP and S-100 protein.

High Ki-67 (MIB-1) labeling of tumors has been associated
with a higher rate of recurrence, but Ki-67 does not have any
role in the diagnosis of craniopharyngioma.

30.7 MOLECULAR PATHOLOGY

Little is known about specific genetic alterations in cranio-
pharyngiomas. Recent studies failed to determine chromo-
somal imbalances or specific genomic alterations.

30.8 DIFFERENTIAL DIAGNOSIS

It is important to distinguish the two variants of craniophar-
yngioma, since the papillary variant is considered a more
indolent neoplasm.

Epidermoid cysts may be considered in the differential, but
the presence of wet keratin alone excludes this possibility.
The surrounding piloid gliosis with Rosenthal fibers should
be distinguished from a pilocytic astrocytoma or less likely
a subependymoma.

30.9 PROGNOSIS

Prognosis in craniopharyngiomas is mostly influenced by
— The extent of resection

Fig. 30.1. T2-weighted coronal MR image of a suprasellar/hypothalamic
midline mass consistent with a craniophayngioma in a 14-year-old child

— Tumor size greater than 4 cm
— Cystic tumors possibly suggesting adamantinomatous
variant
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Fig. 30.2. T1-weighted axial MR image of a large multicystic midline
mass compressing the third ventricle and showing an enhancing solid
component post gadolinium in a 7-year-old male.
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Fig. 30.3. Intraoperative smear of a craniopharyngioma; note the clus-  Fig. 30.4. Frozen section of a craniopharyngioma showing the sur-
tered and vaguely nested epithelial cells rounding piloid gliosis with Rosenthal fibers

Fig. 30.5. Typical histological components of adamantinomatous craniopharyngioma: (a) epithelial component, (b) stellate reticulum

Fig. 30.6. Classical histological finding of “wet keratin” that can be observed both in (a) frozen sections and (b) paraffin embedded tissue
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Fig. 30.7. Calcifications, cholesterol clefts and necrotic appearing tissue can suggest the diagnosis of craniopharyngioma in the absence of epi-
thelial components or wet keratin



Section H: Choroid Plexus Neoplasms

Christine E. Fuller, Sonia Narendra and loana Tolocica

Abstract Choroid plexus tumors are presented in Sect. H. Included are numerous examples of
classic (and not-so-classic) choroid plexus papillomas and choroid plexus carcinomas, as well as
tumors of “intermediate” differentiation/so-called “atypical choroid plexus papilloma.” Specific
emphasis will be placed on the classic neuroimaging and pathologic characteristics of each of
these entities, with careful consideration of differential diagnosis in each instance.
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31.1 OVERVIEW

e Intraventricular neoplasms derived from choroid plexus
epithelium including choroid plexus papilloma (WHO grade
I), atypical choroid plexus papilloma (WHO grade II), and
choroid plexus carcinoma (WHO grade III).

e The vast majority are sporadic, though rarely arise in asso-
ciation with hereditary cancer predisposition syndromes,
including the Li Fraumeni and Rhabdoid Predisposition
Syndromes, with germline mutations of TP53 and hSNF5/
INI1/SMARCBI respectively. Choroid plexus papillomas
(CPP) are also a component of Aicardi syndrome, the
affected patients showing agenesis of the corpus callosum,
chorioretinal lacuna, and infantile spasms. Rarely CPP arise
in the context of von Hippel-Lindau disease.

e Choroid plexus papillomas are at least five times more com-
mon than carcinomas (CPC).

31.2 CLINICAL FEATURES

e May occur at any age, however, the peak incidence is within
the first decade. Rare congenital and fetal examples have
been described.

e Though they are rare brain tumors overall, choroid plexus
tumors are more frequent in the pediatric population, repre-
senting approximately 4% of all brain tumors in children
under 15 years, and up to 20% of those arising within the
first year of life.

e The majority of CPC occur in children, where they account
for 1/3 of all choroid plexus tumors.

e Patients present with signs and symptoms related to block-
age of CSF pathways and hydrocephalus, including macro-
cephaly and bulging fontanelles, papilledema, ataxia,
headache, strabismus, irritability, and altered consciousness.

31.3 NEUROIMAGING

e Typically arise within the lateral (50%), fourth (40%), or third
(5%) ventricles; rarely at the cerebellopontine angle or other
locations (intraparenchymal, suprasellar, spinal epidural
region). Rarely multiple ventricles are involved by tumor.

e Most lateral ventricular tumors present within the first two
decades of life, whereas fourth ventricle tumors have a more
diverse age distribution.

e CPP are characteristically solid, well-demarcated intraventric-
ular masses that on MRI are isointense to grey matter on T1,

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,

hyperintense on T2, and show marked contrast enhancement
(Fig. 31.1). They are isodense to hyperdense on CT images.
CPCs are generally larger with MRI showing more heteroge-
neous intensities on both T1 and T2, with irregular enhance-
ment, and edema (often indicative of invasion of adjacent
brain); flow voids, cysts, and areas of intratumoral hemorrhage
or necrosis are not uncommon (Fig. 31.2a and b). On CT they
are heterogenous and isodense with calcifications and necrosis.
Atypical CPP may show imaging features intermediate
between typical CPP and CPCs, often with surrounding
edema evident on T2 and FLAIR images (Fig. 31.3a and b).
Hydrocephalus, sometimes massive, typically accompanies
choroid plexus lesions (Fig. 31.1).

Leptomeningeal enhancement correlates with CSF dissemi-
nation of tumor, which may be encountered with CPC (fre-
quent) and CPP (rare).

On MR spectroscopy, choroid plexus papillomas have higher
levels of myoinositol and lower levels of choline than
choroid plexus carcinomas.

31.4 PATHOLOGY FINDINGS

Gross pathology:

— Surgical specimens of CPP are typically globular, soft,
red-brown or pink, with stippled surfaces (correlating
with papillary microarchitecture); they sometimes have
intratumoral hemorrhages, cysts, or calcification.

— CPCs are often punctuated by areas of hemorrhage and
necrosis.

— In autopsy brains, CPPs are found as cauliflower-like
masses, often adherent to the ventricular walls but other-
wise well demarcated from the surrounding brain tissue.
CPCs in contradistinction are frequently invasive into the
periventricular brain parenchyma.

Intraoperative cytologic imprints/smears:

— Cytologic preparations of CPPs are typified by multiple
well-formed papillary clusters, sheets/monolayers (often
with honeycomb-type architecture), and isolated single
tumor cells that are cuboidal to columnar with bland round
or oval nuclei, dispersed chromatin, and moderate amount
of cytoplasm. Microcalcifications may occasionally be
present (Fig. 31.4a, b).

— CPCs demonstrate tight three-dimensional clusters and
isolated anaplastic-appearing cells with prominent nuclear
irregularities (indentations or lobulations), high nuclear to
cytoplasmic ratio, and frequent nucleoli.

— Papillary architecture may be retained in some areas.

— Mitotic figures may be seen (Fig. 31.5a, b).

Histology: most choroid plexus papillomas show similar

microscopic features, whereas higher-grade choroid plexus
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lesions are quite variable in their appearance, particularly

the CPCs.

Choroid plexus papilloma (WHO grade I) contains numerous

fibrovascular papillary projections covered by a single layer

of cuboidal to columnar epithelium with monotonous bland
nuclei (Fig. 31.6a).

— Though they may superficially resemble non-neoplastic
choroid plexus (Fig. 31.6b), CPP show more cellular
crowding/stratification, mildly elevated nuclear to cyto-
plasmic ratio, nuclear hyperchromasia and/or mild nuclear
pleomorphism, and rare mitoses.

— The epithelial cytoplasm is quite variable and may be abun-
dant and eosinophilic, vacuolated, or clear (Fig. 31.6c—).

— Notable but uncommon histologic features include: onco-
cytic change (Fig. 31.6f), glandular metaplasia, mucinous
degeneration, melanin pigment, focal ependymal differen-
tiation, neuropil-like islands, and osseous or cartilaginous
metaplasia.

— Degenerative changes may include xanthomatous change,
angioma-like increase of blood vessels, hyalinization or
calcification (Fig. 31.6g).

— Foci of necrosis, increased cellularity, or loss of papillary
architecture are rarely encountered in grade I CPP.

Atypical choroid plexus papillomas (WHO grade II) repre-

sent those CPPs with elevated mitotic activity (>2 mitoses

per 10 high power fields) (Fig. 31.7a).

— Additional histologic features often present in atypical
CPPs include hypercellularity, nuclear pleomorphism,
focal loss of papillary architecture/solid growth pattern,
and necrosis (Fig. 31.7b,c).

— Complex architectural arrangements with cribriforming
and anastomosing papillary formations may be seen.

Choroid plexus carcinoma (WHO grade III) shows frank

features of malignancy, with solid sheets of variably pleomor-

phic epithelioid cells with frequent mitoses (Fig. 31.8a,b).

— Foci of papillary architecture may be retained in some
CPCs (Fig. 31.8¢).

— Brain invasion and necrosis are common findings
(Fig. 31.8d).

— Malignant choroid plexus epithelium may have eosino-
philic, amphophilic, or clear cytoplasm (Fig. 31.8a—c, e,
and f, respectively)

— Cells exhibiting a distinctly thabdoid morphology may be
the overwhelming feature of some CPCs, resulting in sig-
nificant overlapping histology with atypical teratoid/rhab-
doid tumors (Figs. 31.9a,b).

— Likewise, some CPCs harbor smaller cells with a high
nuclear to cytoplasmic ratio, reminiscent of PNET/
medulloblastoma (Figs. 31.10a,b).

— Other uncommon histologic features similar to those listed
above for CPPs (particularly melanin pigment) may be
rarely encountered.

31.5 IMMUNOHISTOCHEMISTRY

Choroid plexus papillomas are almost uniformly positive
for cytokeratins, vimentin, and podoplanin. Though variable
patterns of positivity for CK7 and CK20 may be encoun-
tered, the most frequent is CK7+/CK20-.

— EMA is usually negative, whereas up to 90% will show
some positivity for S-100 protein.

— Though it is not found in normal choroid plexus, GFAP
staining may be detected at least focally in up to 50% of
CPP.

— Transthyretin is positive in the majority of CPPs, though
this stain is not entirely specific to choroid plexus tumors.

— Synaptophysin may be paradoxically positive in some
cases.

Choroid plexus carcinomas similarly show immunopositivity

for cytokeratin, however, S-100 and transthyretin are less

reliably positive compared to CPPs (Fig. 31.11a).

— Synaptophysin, GFAP, EMA, CD44, CA19-9 may all be at
least focally positive (Fig. 31.11b).

— Retained nuclear staining for INI1 is helpful in differenti-
ating these tumors from atypical teratoid/rhabdoid tumor
(Fig. 31.11c¢).

— Lack of staining for CEA, HEA 125, Ber EP4, or positive
staining for EAAT1 (excitatory amino acid transporter-1)
help to differentiate CPC from metastatic carcinomas from
other body sites.

— Proliferation index as detected by MIB-1 (Ki67) is variable,
though typically brisk (Fig. 31.11d).

— The majority of CPCs show nuclear positivity for p53.

31.6 ELECTRON MICROSCOPY

Electron microscopy for CPP or CPC may show tight junctions
and membrane interdigitations, cell surface specializations includ-
ing microvilli and cilia, and basement membrane (Fig. 31.11e).

31.7 MOLECULAR PATHOLOGY

Choroid plexus papillomas are often hyperdiploid with mul-

tiple chromosomal gains including chromosomes 7,9,12,15,

17, and 18. Comparative genomic hybridization studies have

likewise defined regions of gain on chromosome 5, 7, and

9p, as well as region of loss of 10q.

— Chromosome 3 VHL allele loss may be encountered in
those CPPs arising in association with von Hippel-Lindau
disease.

— Notch signaling pathway activation has been implicated in
a subset of CPPs

Choroid plexus carcinoma have been found to harbor regions

of loss of heterozygosity on chromosomes 5, 18q, 22q; gains

were observed on chromosomes 1, 4, 8q, 9p,12, 14q, 20q,

and 21.

— Immunohistochemical nuclear positivity for p53 is observed
in most CPCs and few CPPs, though corresponding TP53
mutations are quite rare.

— Accounts of INI1 gene mutations in CPCs appear in the
literature, though more recent immunohistochemical studies
indicate that INII protein expression is retained in CPCs
and nuclear staining pattern with BAF-47 (anti-INI1) is a
reliable method to differentiate CPCs with a rhabdoid phe-
notype from true AT/RTs (which lack nuclear INI1 staining)
(Fig. 31.11c¢).

— Expression and amplification of PDGF receptors is frequent
in CPC.
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31.8 DIFFERENTIAL DIAGNOSIS

e Choroid plexus papillomas need to be distinguished from
non-neoplastic choroid plexus and villous hypertrophy, the
latter a diffuse enlargement of the choroid plexus.
Demonstrable mitoses and/or MIB-1/Ki67 (proliferation
marker) labeling, together with cytomorphologic and archi-
tectural features as noted above, should reliably accomplish
this differentiation in favor of CPP.

e Papillary ependymoma exhibits distinctive papillary archi-
tecture similar to CPP; however, the latter has basement
membrane beneath epithelium, shows strong positivity for
cytokeratin, and lacks the perivascular pseudorosettes and
strong positivity for GFAP of the former. Similarly, choroid
plexus carcinoma may resemble anaplastic ependymoma,
and likewise can be differentiated from that tumor by virtue
of strong cytokeratin positivity, lack of significant GFAP
staining, and lack of true and perivascular pseudorosettes.

e Medulloepithelioma and the germ cell tumor embryonal
carcinoma, both enter the differential of CPC. However,
medulloepithelioma with its multilayered ribbons of primi-
tive epithelioid-appearing cells is typically not immunore-
active for cytokeratin, and embryonal carcinomas are
characteristically positive for placental alkaline phos-
phatase (PLAP).

e Asdiscussed elsewhere, CPCs may contain variable popula-
tions of cells with rhabdoid morphology, thus raising AT/RT
as a diagnostic consideration. Recent studies indicate that
nuclear staining with anti-INI1 (BAF-47) in this context
reliably differentiates the former from AT/RT, which char-
acteristically has absence of staining with BAF-47.

e Transthyretin and/or S-100 protein expression may be help-
ful features in differentiating choroid plexus tumors from
metastatic carcinomas (papillary or otherwise) from other
sites, though are by no means 100% reliable. GFAP and syn-
aptophysin positivity, often encountered in choroid plexus
tumors, is likewise typically not a signature of metastatic
carcinomas. Other immunostains (CEA, HEA 125, Ber EP4,
EAAT1) may provide ancillary assistance in this differential
diagnosis, as noted elsewhere.

31.9 PROGNOSIS

e Prolonged recurrence-free and overall survival is typical for
CPP, with 5-year survival rates approaching 100% follow-
ing complete surgical excision. CPCs are significantly more
aggressive, with survival rates approximately half those
encountered in CPPs. Survival rates for atypical CPPs fall
somewhere between these two extremes.

e Resection of all choroid plexus tumors is technically difficult
due to their extensive vascularity and propensity to bleed.

o Histologic features portending poor prognosis include:

— Decreased S-100 protein expression

— Mitoses

— Lack of immunopositivity for transthyretin
— Brain invasion

— Necrosis

e Surgical excision is the standard first line therapy for all chor-
oid plexus tumors, with gross total resection curative for
most CPPs. Localized CPCs with complete resection have a
favorable outcome realized with the addition of adjuvant
chemo- or radiotherapy. Craniospinal irradiation may be
necessary in those cases of CPC with subtotal resection and/
or disseminated leptomeningeal disease.
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Fig. 31.1. Coronal T1-weighted postgadolinium MR image of a CPP showing an
intraventricular densely-enhancing well-circumscribed lesion involving the left lateral
and third ventricles with accompanying hydrocephalus.

Fig. 31.2. Axial (a) and sagittal (b) T1-weighted postgadolinium MR images of a CPC showing a large mass arising within the right lateral
ventricle with heterogeneous signal intensity and enhancement, central necrosis, hydrocephalus, and significant mass effect with midline shift.
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Fig. 31.3. These MR images depict a right intraventricular tumor which microscopically proved to be an atypical CPP (WHO grade II). Axial
T1-weighted postgadolinium MR image (a) shows solid homogeneously enhancing tumor, whereas T2-weighted coronal MR image (b) indicates
more heterogeneous signal intensity ranging from isointense to hyperintense, with associated periventricular edema. Hydrocephalus was not
prominent in this case.

Fig. 31.4. (a) Cytologic squash preparation of CPP showing well-formed papillary structures along with scattered bland-appearing individual
tumor cells. (b) Higher magnification of this CPP sample reveals cells with bland round to oval nuclei, micro-nucleoli, and a single microcalci-
fication. Honeycomb architecture is noted in these cellular sheets.
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Fig. 31.5. (a) Squash preparation of a CPC showing three-dimensional clusters, some showing a papillary architecture with complex multilayer
covering of neoplastic epithelium. (b) Numerous isolated anaplastic-appearing cells with prominent nuclear irregularities, many with a high
nucleocytoplasmic ratio, are present as are scattered apoptotic cells and mitotic figures.
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Fig. 31.6. (a) CPPs are characterized by fibrovascular papillary projections covered by a single layer of cuboidal to columnar epithelium. (b)
Normal choroid plexus with small intercellular spaces, imparting a cobblestone appearance. In contradistinction, the epithelium of CPP lacks
these spaces and may display abundant eosinophilic cytoplasm (c), cytoplasmic vacuoles (d), or optically clear cytoplasm (e). Though tumoral
calcifications are not uncommon (f), oncocytic change as seen in the middle of this photomicrograph is infrequent. (g) Papilla may show dense
hyalinization of stromal cores.
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Fig. 31.7. (a) Atypical CPPs are defined by their elevated mitotic rate; in addition to multiple mitotic figures, cell crowding, pseudostratification,
and focal nuclear pleomorphism are seen in this example. Complex architecture (b) and solid areas (¢) are additional features.
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Fig. 31.8. (a and b) CPCs contain solid sheets of variably pleomorphic epithelioid cells with frequent mitoses, sometimes with focally retained
papillary architecture (¢). Invasion into the surrounding brain parenchyma is common (d). Though their cytoplasm is often eosinophilic, the
malignant epithelioid cells of CPC may also have amphophilic (e) or clear cytoplasm (f).
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Fig. 31.9. CPCs may display a distinctly rhabdoid morphology; though often showing a rather spindled low power appearance (a), these lesions
harbor cells with large eccentric vesicular nuclei and prominent nucleoli (b), virtually identical to the rhabdoid cells of AT/RT.

Fig. 31.10. Occasionally, CPCs may show a small cell morphology mimicking PNET and other small round blue cell tumors of infancy. The
neoplastic cells, with their high nucleocytoplasmic ratio and minimal surrounding cytoplasm, may arrange in patternless sheets (a) or ribbon-like
patterns (b). At the ultrastructural level (¢), choroid plexus tumors contain epithelioid cells with surface microvilli and cilia, tight junctions (upper
right), and they rest upon basement membrane.
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Fig. 31.11. CPCs are typically positive for cytokeratin (a) as well as synaptophysin (b). (¢) Nuclear positivity for immunohistochemical stain for
INI1 (BAF47) is a helpful discriminator of CPC from AT/RT. (d) Ki67 (Mib-1) labeling index of proliferation is often brisk.



Section I: Pineal-Based Tumors
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Abstract This section is focused on pineal-based tumors. It covers pineocytoma, pineal parenchymal
tumor of intermediate differentiation (PPT-INT) and pineoblastoma. The salient features that allow the
diagnosis of these entities are presented.
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32.1 OVERVIEW

e A recently described rare neoplasm, papillary tumor of the
pineal region, is typically a tumor in adults and will not be
discussed in this chapter.

32.2 CLINICAL FEATURES

e All primary pineal parenchymal neoplasms, as well as other
pineal region masses, may be associated with Parinaud’s
syndrome in children, a dorsal midbrain syndrome that
includes upward gaze paralysis, accommodative paresis,
nystagmus, and eyelid retraction.

e Pineal region masses can also cause significant CSF obstruc-
tion leading to headache, nausea and vomiting and other signs
related to increased intracranial pressure. However, these
symptoms are not specific to pineal parenchymal neoplasms.

e PINEOCYTOMA (PC) is less common in the pediatric age
group, and the rare PC typically presents with signs of increased
intracranial pressure and occasional visual disturbances.

— The few available reports on PC in children document a
clinical course that is more aggressive compared to PC in
adults in terms of local recurrence.

e PPT-INT is even less frequent in children; its clinical presen-
tation is less well defined, yet is considered similar to PC.

— These tumors have a greater tendency for local recurrence,
but an objective comparison between PPT-INT and PC
with regard to recurrence risk is not possible.

e PINEOBLASTOMA (PB) is the most common pediatric
pineal parenchymal tumor, and the majority of the tumors
occur within the first two decades of life.

— The interval between the initial symptoms and the presen-
tation of the need for surgical intervention is much shorter
than in other pineal parenchymal tumors.

— Signs and symptoms of intracranial pressure are often
present and may rapidly worsen with cerebrospinal
dissemination.

32.3 NEUROIMAGING

e PCis often a well-defined mass, typically less than 3—4 cm,
and is hypointense or isointense on T1, and hyperintense on
T2-weighted images.

— The tumors enhance avidly upon gadolinium administration.
— Some PCs demonstrate calcifications on CT or MRI
(Fig. 32.1).
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e PPT-INT is often indistinguishable from PC and may also
demonstrate calcifications or hemorrhage on imaging
studies.

e PBis often a large tumor, rarely seen in association with uni-
lateral or bilateral retinoblastoma (trilateral retinoblastoma).
— The tumors are often larger, with hyperintense T2-weighted

signals, and hypointense in T1-weighted images.

— While there is a marked enhancement on gadolinium admin-
istration, the tumors are much more heterogenous in their
appearance, with calcifications, necrosis or hemorrhage.

— The boundaries of PB may not always be well-defined
(Fig. 32.2).

32.4 PATHOLOGY

e Macroscopically, PCs are gray, granular and discrete
masses, and often fill the pineal recess and the subjacent
aqueduct.

— The tumors are composed of cells with large nuclei and
open chromatin density, and ample surrounding cytoplasm.

— The tumor cells are typically monomorphous with only
occasional cells with nuclear pleomorphism or hyper-
chromasia.

— Necrosis and mitotic figures are exceptionally rare.

— In some foci, cytological atypia can be interpreted as
“degenerative change”.

— PC often harbors pineocytomatous rosettes formed by a
conglomeration of tumor cell processes in a circular or stel-
late form; they are slightly more eosinophilic than the
neuropil.

— The structure of a pineocytomatous rosette is similar to that
of a pineoblastic or Homer—Wright rosette, but it is con-
spicuously less cellular, larger, and the majority of the cells
have ample cytoplasm.

— PC can show large isolated or clustered ganglion-like cells,
and focal islands of neuropil, but these findings are rare
(Figs. 32.3 and 32.4).

e PPTINT
— The tumors show variable diffuse or lobular architecture,

and are often composed of dense monomorphous, back-to-
back, neuronal cells.

— The tumors have high or moderate cellularity with focally
overlapping nuclei, cells with scant cytoplasm, mild to
moderate nuclear atypia, and scattered mitotic figures.

— The tumors may harbor focal PC-like areas admixed
with sheets of tumor cells or lobules with increased
cellularity.

— These tumors rarely contain giant cells, Homer Wright
type rosettes or large ganglion-like cells (Fig. 32.5).
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e PB

— Macroscopically, these tumors are soft, gelatinous, focally
hemorrhagic and necrotic.

— These irregular neoplasms can be quite large.

— They have been described as similar to medulloblastomas
or to supratentorial PNETs.

— The tumors are composed of small round blue cells with
scant cytoplasm and hyperchromatic nuclei (Fig. 32.6).

— The cells are often arranged in sheets or discohesive
clusters.

— As in retinoblastoma, the tumor cells may form Flexner—
Wintersteiner rosettes (Fig. 32.7) in which the cells are
radially arranged around a small luminal structure.

— Neuroblastic-type Homer—Wright rosettes (Fig. 32.8) iden-
tical to those seen in medulloblastomas can be observed.

— The tumor shows conspicuous mitotic figures, and in some
areas these can be numerous.

— Occasional giant cells, hemorrhage and calcification are
also commonly present.

— Rare tumor cells may harbor melanin pigment, but more
often, the pigment is hemosiderin.

32.5 IMMUNOHISTOCHEMISTRY

e PC

— It typically demonstrates a strong positivity for S-100 pro-
tein, synaptophysin and chromogranin, as well as a vari-
able immunoreactivity to antibodies directed at
neurofilament proteins.

— The tumors are also focally positive for glial fibrillary acidic
protein, retinal-S antigen, and rhodopsin (Fig. 32.9).

e PPT-INT

— It is similar to PC with a strong positivity for synapto-
physin, as well as S-100 protein.

— Antibodies for neurofilament proteins stain the tumors
focally, and in some cases isolated cells within the tumor
show intense staining.

— The staining for GFAP and retinal-S antigen is also vari-
able, and some tumors may be negative for these two
markers.

e PB

— It exhibits a less pronounced retinoblastomatous differen-
tiation but is often as positive with synaptophysin as other
pineal parenchymal tumors.

— Chromogranin is positive only in a small percentage of
tumors and in a limited number of tumor cells.

— S-100 protein and retinal-S antigen are typically negative,
and only an occasional tumor may show a rare weak
positivity.

32.6 MOLECULAR PATHOLOGY

Trilateral retinoblastoma is a heritable form of bilateral
retinoblastoma in association with PB, and has a rather dis-
mal prognosis.
— The disease is associated with germline deletion of the
RB1 gene from chromosome 13.
RB1 gene encodes a protein that acts as a cell cycle check-
point control protein at the G1/S interphase.

32.7 DIFFERENTIAL DIAGNOSIS

o The differential diagnosis of the tumors in the pineal region
of children primarily includes germ cell neoplasms.

e Both the pineal parenchymal tumors and germ cell neo-
plasms of the pineal region may have similar clinical and
radiological characteristics.

e Typically, routine microscopy is all that is necessary to dif-
ferentiate the various germ cell tumors from pineal paren-
chymal tumors, though immunohistochemistry for germ cell
markers (PLAP, AFP, HCG) and neural markers may be
employed in difficult cases.

32.8 PROGNOSIS

e The following clinical characteristics influence the outcome

in pineal neoplasms:

— Tumors with a pineoblastomatous component have a much
worse overall survival compared to other histologic types.

— Gross total resection seems to portend a better prognosis
even in patients with PB.

— Aggressive chemotherapy and radiotherapy have been sug-
gested to improve survival for patients with PB.
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Fig. 32.2. Sagittal, contrast-enhanced T1-weighted MR image of a pin-

. . . . eoblastoma, with mass effect and hydrocephalus, in a 4-year old child.
Fig. 32.1. Coronal non-contrast T1-weighted MR image of a pineal

mass in a 17-year old male showing a small and cystic pineal gland.
The lesion was histologically confirmed as a pineocytoma.

Fig. 32.3. Characteristic histological appearance of pineocytoma. The
tumor is sparsely cellular and is composed of monomorphous, small
mature neuronal cells and a neuropil-like background.
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Fig. 32.4. Histological features of pineocytoma showing (a) the less common histologic feature of a rich neuropil-like matrix and rare ganglion-like
cells, and (b) pineocytomatous rosettes.

Fig. 32.5. Pineal parenchymal tumor of intermediate differentiation
(PPT-INT) composed of a mixture of small and mature cells presenting
a mixed appearance between pineocytoma and pineoblastoma.

Fig. 32.6. (a) Low magnification, and (b) high magnification microscopy of pineoblastoma composed of highly cellular, small round blue cells
with numerous mitotic figures.
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Fig. 32.7. Retinoblastic (Flexner—Wintersteiner) rosette in pineoblas- Fig. 32.8. Neuroblastic (Homer—Wright) rosettes in pineoblastoma.
toma (arrow).
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Fig. 32.9. Immunohistochemical staining for chromogranin in pineo-
blastoma. Note the patchy staining of the cytoplasm.



Section J: Germ Cell Tumors

Tarik Tihan

Abstract This section presents the pathology and the neuroimaging features of germ cell tumors
including germinoma, yolk sac tumor, embryonal carcinoma, choriocarcinoma, and teratoma. The
salient distinguishing features of these often overlapping entities are presented.



Germ Cell Tumors

Tarik Tihan

33.1 OVERVIEW

Germ cell tumors of the CNS are typically midline lesions,
commonly affecting the pineal and suprasellar regions, and
are similar to their counterparts arising in the gonads.
Types, histological and immunohistochemical features of
CNS germ cell tumors are essentially the same as gonadal or
extra-gonadal extracranial germ cell tumors.

33.2 CLINICAL FEATURES

Germ cell tumors are more common in children and young
adults, and the overwhelming majority occur within the first
two decades. A unique exception to this is the congenital
teratoma that is often discovered during the neonatal period
or in utero.

Males are slightly more commonly affected than females,
particularly regarding germ cell tumors arising within the
pineal region among which males outnumber females 2:1.
The pineal region tumors often present with signs and symp-
toms of hydrocephalus as well as upward gaze palsy due to
compression of midbrain, known as Parinaud’s syndrome.
One of the most common presentations of germ cell tumors
in the suprasellar/infundibular region is diabetes inspidus.
Suprasellar tumors can present with visual disturbance,
pituitary failure or abnormal sexual maturation.

Serum (or CSF) levels of alpha-fetoprotein (AFP), human
chorionic gonadotrophin (b-HCG) and carcinoembryonic
antigen (CEA) levels can be elevated and should be ana-
lyzed in a patient with a suspected germ cell tumor.

33.3 NEUROIMAGING

Most germinomas involving the pineal are well-delineated
and are hypo-intense on T1-weighted images, iso or hyper-
intense on T2-weighted images, and demonstrate often
strong and uniform contrast enhancement (Fig. 33.1).
Suprasellar or infundibular examples can be less well defined
and may appear more infiltrative.

Mixed germ cell tumors and teratomas demonstrate more
mixed elements, may have both hyper and hypo-intense
regions on T2-weighted images, and may show heteroge-
neous enhancement.

Subependymal linear enhancements often represent local
tumor spread.

Occasionally, there may be synchronous pineal and suprasellar
masses with periventricular or infundibular involvement.

In patients with diabetes insipidus, there can be absence of
the posterior pituitary bright spot on the sagittal T1-weighted
images.

A.M. Adesina et al. (eds.), Atlas of Pediatric Brain Tumors,
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33.4 HISTOPATHOLOGY

The most common types of germ cell tumors in the CNS are
germinomas (~50%) and teratomas (~20%), but all types of
germ cell tumors can be observed.

GERMINOMA

— Most common histological form of germ cell tumor in the
CNS.

— Most biopsy specimens from germinomas are small, and
suffer from crush artifact. Thus a thorough evaluation of
the smear and frozen section slide is necessary.

— Typical components are mitotically active large cells with
vacuolated cytoplasm, round vesicular nuclei and central
macronucleoli, and mature lymphocytes (Fig. 33.2).

— The large neoplastic cells often appear discohesive, remi-
niscent of a malignant lymphoma.

— Occasional examples can also show granuloma formation.

— Syncytiotrophoblastic giant cells can be seen.

— Recognition of the biphasic nature of the tumor is very help-
ful in smears and intraoperative consultations (Fig. 33.3).

— Germinomas show focal positive cytoplasmic PAS staining
that is digested by diastase treatment because of their gly-
cogen-rich cytoplasm.

— Germinomas may rarely involve the brain parenchyma,
and give the false impression of an infiltrating malignant
glioma.

TERATOMA

— Both mature and immature teratomas in the CNS are
aggressive neoplasms. They are the second most common
germ cell tumors after germinoma.

— Typical mature teratoma consists of histologically mature
tissue that differentiates along all three germ layers of ecto-
derm, mesoderm, and endoderm (Fig. 33.4).

— Immature teratomas contain variable amounts of tissue
resembling fetal tissue that may often include immature
neural elements with rosettes. Even a minor component of
fetal tissue is considered sufficient to classify a neoplasm
in this category (Fig. 33.5).

— Most common immature tissue type is the stroma reminis-
cent of fetal mesenchymal tissue, but immature epithelium,
bone or cartilage can also be encountered.

— In addition to mature and immature tissues, some terato-
mas contain foci that are reminiscent of malignant neo-
plasms such as a carcinoma or a sarcoma. These neoplasms
are believed to act more aggressively, however, a detailed
study of this phenomenon in the CNS is lacking.

— Sampling is critical for teratomas since some elements may
be present only focally.

YOLK SAC TUMOR (ENDODERMAL SINUS TUMOR)

— More likely to be seen in the pineal region.
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— Primary intracranial yolk sac tumor is extremely rare, and
constitutes a rare component of a mixed non-germinomatous
germ cell tumor.

— Histological appearance is identical to yolk sac tumors of
the gonads.

— Often, the tumor cells are arranged in a loose lacy net-
work interrupted by characteristic Schiller—Duval bodies
and other more obvious epithelial-appearing elements
(Fig. 33.6).

— The tumors are often highly aggressive and are associated
with poor prognosis.

— Pure or predominantly yolk sac tumors are exceedingly rare.

EMBYONAL CARCINOMA

— Histologically are composed of pleomorphic and anaplas-
tic epithelial cells arranged in a variety of patterns, from
patternless solid sheets to glandular sometimes cribriform
arrangements to papillary structures.

— This component tends to be more pleomorphic than the
epithelium of yolk sac tumor and may resemble a poorly
differentiated metastatic carcinoma (Fig. 33.7).

— Mitotic figures are abundant, and giant cells can be seen.

CHORIOCARCINOMA

— Presence of multinucleated syncytiotrophoblasts and
cytotrophoblasts define choricarcinoma (Fig. 33.8).

— Choriocarcinomas are typically seen as hemorrhagic foci.

— Choriocarcinoma portends a worse prognosis in a germ
cell tumor.

33.5 IMMUNOHISTOCHEMISTRY

GERMINOMA

— The typical immunohistochemical profile of germinoma
includes positive C-kit (CD117), OCT-4, D2-40, PLAP
(Fig. 33.9), as well as the homeodomain transcription fac-
tor NANOG.

— OCT-4 has been reported as a sensitive and specific marker
for intracranial germinomas.

— Rare cells may show CD30 or cytokeratin immunopositiv-
ity; beta-HCG positivity is detected in scattered syncy-
tiotrophoblastic cells.

TERATOMA

— While immunohistochemistry is not essential, Ki-67 (MIB-
1) staining may be helpful in confirming immature ele-
ments within teratomas.

— Teratomas are often positive for EMA, and rarely positive
for CD30.

YOLK SAC TUMOR (ENDODERMAL SINUS TUMOR)

— Most yolk sac tumors are AFP- and cytokeratin-positive.

— PLAP and alpha-1 antitrypsin are occasionally positive in
some tumors.

— beta-HCG is often negative in yolk-sac tumors.

e EMBYONAL CARCINOMA
— Embryonal carcinoma is often CD30, OCT-4 and cytokeratin-
positive.
— The tumors are negative or weakly positive for CEA, hCG,
CD117, and D2-40.
e CHORIOCARCINOMA
— Choriocarcinomas are positive for beta-HCG (syncytiotro-
phoblasts) and cytokeratin.
— PLAP may be positive in one half of choriocarcinomas.

33.6 MOLECULAR PATHOLOGY

e Typically all types of CNS germ cell tumors demonstrate
multiple genetic aberrations

e Gain of chromosome 12p appears to be the most common
gain in CNS germ cell tumors, similar to testicular germ cell
tumors in adults.
Other gains include chromosomes 1q, 8q, and 20q.
Chromosomal losses can be seen in 1p, 4q, 6q, 11, 13, 18.

33.7 PROGNOSIS

e The most common cited prognostic factors include age,
tumor location, histological type and grade, tumor stage,
extent of resection, and the tumor markers AFP and beta-
HCG.

e Prognosis has been strongly related to pathological classifi-
cation as either pure germinoma or mixed germ cell or non-
germinomatous germ cell tumor.

e The presence of serum or cerebrospinal fluid tumor marker
elevation has been helpful in determining response to
treatment.

e Age of onset also influences the modality and success of
treatment.
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Fig. 33.2. Typical histological appearance of germinoma with two
components of large malignant cells and mature appearing

Fig. 33.1. Sagittal T1-weighted image of germinoma involving the lymphocytes.

pineal region with enhancement post contrast in a 12-year-old male.

marked crush artifact, but the biphasic composition of large malignant
cells with prominent central nuclei and mature lymphocytes is
pathognomonic.
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Fig. 33.5. Immature elements in teratoma: (a) fetal mesenchymal tissue, (b) immature epithelium as highlighted by positive AFP staining, and
(c) immature cartilage.
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Fig. 33.6. Typical histological features of yolk sac (endodermal sinus)  Fig. 33.7. Embryonal carcinoma showing high grade anaplastic epithelial
tumor with classical papillary-alveolar gland-like structures. features and no discernable glandular differentiation. Note the vesicular
nuclei with distinct nucleoli and frequent mitotic figures.

Fig. 33.8. Choricarcinoma with multinucleated syncytiotrophoblasts
and cytotrophoblasts in a hemorrhagic background.
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Fig. 33.9. Illustrations of immunohistochemical positivity for (a) PLAP, (b) oct-4, and (¢) c-kit in germinoma.



Section K: Paraneoplastic Disorders

Christine E. Fuller and Sonia Narendra

Abstract Section K addresses paraneoplastic disorders involving the central nervous system.
Paraneoplastic encephalomyelitis, cerebellar degeneration, and opsoclonus—myoclonus—ataxia
are all presented, though the focus will be particularly on paraneoplastic CNS processes affecting
children. Classic histologic findings are demonstrated.



Paraneoplastic Disorders of the Central Nervous System

Christine E. Fuller and Sonia Narendra

Keywords

Paraneoplastic encephalomyelitis; Cerebellar

degeneration; Opsoclonus-myoclonus-ataxia

34.1 OVERVIEW

Paraneoplastic disorders of the central nervous system are
inflammatory disorders affecting various parts of the brain
and spinal cord in the setting of a peripheral cancer.
Ganglia, the peripheral nervous system, retina, and neuro-
muscular junction may also be involved.

These syndromes appear to represent a group of auto-

immune disorders in which antibodies mounted against

peripheral cancers target antigens normally expressed within

cells (particularly neurons) of the nervous system (i.e.,

onconeural antibodies).

Main categories of disease include:

— Paraneoplastic encephalomyelitis (PEM) — subcategories
based on localization (limbic encephalitis, brainstem
encephalitis, cerebellar encephalitis, and myelitis)

— Paraneoplastic cerebellar degeneration (PCD)

— Opsoclonus-myoclonus-ataxia syndrome (OMA)

These syndromes occur in the absence of infiltration of the

nervous system by tumor cells, side effects of cancer therapy,

or other infections or metabolic/nutritional disturbances that
may occur during the course of the disease. In addition, they may
occasionally arise in the absence of demonstrable neoplasm.

34.2 CLINICAL FEATURES

Though more frequently encountered in adults in associa-
tion with lung, breast, or gynecologic malignancies, all of
these disorders may present in children.

In the pediatric age group, PEM most frequently accompa-

nies neuroblastoma or rhabdomyosarcoma.

PCD may be seen with Hodgkin’s lymphoma, and OMA

may occur with neuroblastoma.

Often these syndromes will precede a diagnosis of cancer by

weeks to months.

Symptoms/signs reflect different patterns of CNS involve-

ment:

— Limbic encephalitis — short-term memory loss, seizures,
confusion, psychosis.

— Myelitis — pain, numbness, loss of proprioception.

— OMA - eye movement disturbance, myoclonus (“dancing
eyes and dancing feet”), ataxia, and sometimes develop-
mental retardation. Unlike the other paraneoplastic disor-
ders, OMA may have a relapsing-remitting course.
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— Cerebellar degeneration — ataxia, truncal and hemispheric
cerebellar dysfunction.

34.3 NEUROIMAGING

MR imaging in limbic encephalitis typically demonstrates
hyperintense areas within limbic structures on T2-weighted
and FLAIR sequences. Contrast enhancement is not a feature.
MR may be normal in PCD, though edema or atrophy may
be seen in some cases.

MR is also frequently normal on OMA, though pontine
tegmental abnormalities and cerebellar atrophy have been
reported.

Fluorodeoxyglucose-PET (FDG-PET) may be useful in
confirming the presence of an occult neoplasm when con-
ventional CT and MR imaging fail to detect a lesion. FDG-
PET may sometimes reveal areas of increased uptake within
the CNS itself correlating with the inflammatory process.

34.4 PATHOLOGIC FEATURES

Gross pathology: With the exception of mild cerebellar
cortical atrophy detectable in some cases of PCD, gross
examination is typically unremarkable.

Cytology findings: CSF samples often show a cellular pleo-

cytosis; additional findings may include elevated protein

level and/or oligoclonal bands.

Histology:

— The unifying theme for all of these disorders is the findings
of:

Neuronal loss

Astrocytosis (gliosis)

Microglial proliferation, often with microglial nodule
formation or active neuronophagia

Perivascular chronic inflammatory infiltrate of lympho-
cytes (mainly T cells) and occasional plasma cells
(Fig. 34.1a—)

— Gray matter is predominantly involved, though there may
be secondary white matter loss and leptomeningitis is fre-
quently present.

— Limbic encephalitis — neuronal loss/inflammation local-
ized in the medial temporal and inferior frontal lobes, insu-
lar cortex, and cingulate gyrus.

— Brainstem encephalitis — mainly involves the medulla.

— Cerebellar encephalitis of PEM — neuronal loss in deep
structures/nuclei of cerebellum with sparing of cortex.

— PCD - severe loss of Purkinje cells with accompanying
Bergman gliosis (cortex involved).
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— Myelitis — neuronal loss/inflammation may diffusely
involve most of the spinal cord or may be more localized
to a few segments.

— OMA - there is no specific pathologic feature for this dis-
order. Approximately ¥2 will show loss of Purkinje cells.
Often there is neuronal loss and inflammation within the
brainstem, though localization is variable.

— Ganglioneuronopathy with loss of dorsal root ganglion cell
loss/inflammation and dorsal column degeneration may
accompany PEM (Fig. 34.1f).

34.5 IMMUNOHISTOCHEMISTRY

e (D68 will highlight microglia (Fig. 34.2a), whereas T and

B cell markers (CD3 and CD20 respectively) decorate the
perivascular lymphoid infiltrates.
GFAP highlights numerous reactive astrocytes (Fig. 34.2b).
Immunohistochemical assessment for various viral agents
as well as routine stains for spirochetes (Warthin-Starry
stain) or fungal organisms (GMS) may be helpful in ruling out
various infectious encephalitides.

34.6 ELECTRON MICROSCOPY

e Electron microscopy serves no significant role in the direct
diagnosis of paraneoplastic CNS disorders.

e It may, however, be useful in identifying some microorgan-
isms that cause infectious encephalitis that may otherwise
closely mimic the histologic features of paraneoplastic dis-
orders, such as microgliosis and perivascular chronic
inflammation.

34.6.1 Ancillary Testing

e The detection of specific antineuronal antibodies in the
serum and CSF may serve as a diagnostic tool that directs
the search of the tumor to specific organ system.

e Many different antibodies can be associated with the same
neurologic syndrome or one antibody may be associated
with different syndromes.

e Approximately 40% of patients with paraneoplastic CNS
disorders do not have detectable antibodies and some anti-
bodies can be found in low titers in patients who have cancer
without paraneoplasia.

e Anti-Tr can be detected in the CSF of some children with
PCD arising in the setting of Hodgkin’s lymphoma.

e Autoantibodies of IgG3 subclass have been found in pediat-
ric patients with OMA in the setting of neuroblastoma.
Anti-Ri has been identified in some.

e Anti-Hu, Ma, and Ta antibodies have been found in cases of
PEM.

34.7 DIFFERENTIAL DIAGNOSIS

e The histologic features of these paraneoplastic CNS disor-
ders may closely mimic infectious (particularly viral)
encephalomyelitis. Careful histologic inspection for viral
cytopathic effect, use of immunohistochemical stains, and
tissue culture are helpful adjuncts to diagnosis in ruling out
infectious etiologies.

34.8 PROGNOSIS

¢ Inmost instances, the most effective treatment for the paraneo-
plastic CNS disorders is to remove/treat the primary peripheral
neoplasm together with immunomodulatory therapies.

e With some cases of pediatric OMA, despite tumor resection
and immunosuppressive therapy, poor outcomes may include
developmental and behavioral problems. Rituximab therapy
has shown some promising results in some instances.
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Fig. 34.1. (a) Low power view of a case of limbic encephalitis showing perivascular inflammatory infiltrate and increased cellularity within the
gray matter with some cell clustering. (b) This area shows extensive reactive astrocytosis with accompanying neuronal loss in the hippocampal
neurons. (¢) Examination at higher magnification confirms the presence of numerous reactive astrocytes with brightly eosinophilic cytoplasmic
“bellies” and elongated processes (arrows), together with a microglial proliferation (note hyperchromatic rod-shaped nuclei towards center of
field). (d) Active neuronophagia is apparent (arrow). (e) Microglial nodules may also be seen. (f) This example of paraneoplastic ganglionitis

shows the typical lymphocytic inflammatory infiltrate, in some areas surrounding individual ganglion cells (Courtesy of Dr Robert Schmidt,
Washington University, St Louis, MO).
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Fig. 34.2. (a) CDG68 stain highlights the numerous microglia of these paraneoplastic processes, whereas GFAP (b) decorates the cytoplasm of
reactive astrocytes.



Section L: Tumors of the Hematopoietic System

Adekunle M. Adesina

Abstract Only two groups of hematopoietic neoplasms are discussed in this section. It is primarily
focused on the heterogeneous groups of malignant lymphoma and histiocytic tumors.



Malignant Lymphoma
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35.1 OVERVIEW

Represent primary CNS extranodal lymphomas and should

be distinguished from clinical scenarios in which the CNS is

involved secondarily by a primary nodal or extranodal sys-

temic lymphoma.

Primary central nervous system lymphoma (PCNSL) repre-

sents 5% of all primary brain tumors in adults.

Occurs primarily in older individuals or in immunocompro-

mised states.

Significant rise in incidence was noted in the 1980s and

1990s which was partly due to AIDS.

An increased incidence was also noted in the immunocom-

petent and particularly young adults but current data suggest

that incidence has stabilized.

Secondary leptomeningeal involvement of the CNS is the

more common form of involvement of the CNS by hemato-

logic malignancies and is the rationale for CNS prophylaxis

in childhood leukemias.

PCNSL is frequently seen in the context of immunosuppres-

sion and may be associated with:

— Acquired immunodeficiency syndrome (AIDS).

— Post-transplant immunosuppression.

— Inherited immunodeficiency states such as Wiskott-Aldrich
syndrome and

— Immunosuppression associated with treatment for
immune-mediated disorders such as rheumatoid arthri-
tis, Sjogren syndrome or treatment for malignancies
such as Hodgkin’s lymphoma or acute lymphoblastic
leukemia.

The demonstration of the presence of Epstein-Barr Virus

genome (including EBNA 1-6, EBER1 and EBER?2) in

greater than 95% of tumors developing in patients who are

immunocompromised implicates the loss of immune sur-

veillance and EBV-induced cell proliferation in the patho-

genesis of these tumors.

Primary CNS lymphoma is uncommon in children and the

young who are immunocompetent with children (18 years old

and younger) representing only 1% of all PCNSL patients.

In contrast to the adult population, when PCNSL occurs in

children, it is more often seen in the immunocompetent.

In the first two decades, there is also frequent association

with inherited immunodeficiency syndromes and post-

transplant immunosuppression.

B cell lymphoma is the most common, accounting for about

80% of cases while T cell lymphoma accounts for approxi-
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mately 20% of cases in children, with anaplastic large cell
lymphoma representing a common histologic subtype.

35.2 CLINICAL FEATURES

The typical PCNSL seen in immunocompetent adult indi-
viduals presents as a supratentorial, deep-seated, generally
solitary mass. The most common locations are the frontal
lobe, basal ganglia, corpus callosum, periventricular region
and deep white matter.

In children, the most frequent tumor locations are the pari-
etal lobe, frontal lobe, cerebellum, pituitary stalk and
hypothalamus.

Often present as symptomatic mass lesions that may be asso-
ciated with focal neurologic deficits, signs of raised intracra-
nial pressure, seizures or a combination of these features.
Post-transplantation CNS lymphoma may develop as early as
within the first year in about 50% of patients post transplant.

35.3 NEUROIMAGING

MRI shows tumors as isointense to hypointense on T2 or
FLAIR images, isointense or hypointense on T1-weighted
images relative to gray matter and homogeneous enhance-
ment post contrast (Figs. 35.1-35.3).

Lesions may be located in the central gray matter or may be
cortical or involve the optic nerve or parasellar regions;
rarely do they involve the spinal cord.

Tumors are often accompanied by significant peritumoral
edema.

Location as bilateral symmetrical mass lesions in the deep
gray matter is very characteristic of primary CNS lymphoma,
but must be distinguished from toxoplasmosis by biopsy.

In children, contrast-enhanced CT usually shows a charac-
teristic heterogeneous pattern, marked edema, and a promi-
nent mass effect with a ring-like peripheral pattern of
enhancement (Figs. 35.1a and 35.2a).

Occasionally may present with a predominant leptomenin-
geal involvement and no evidence of an intracranial mass.
Diffusion imaging usually demonstrates restricted diffusion
within the solid component of the mass.

35.4 PATHOLOGY

They tend to be large (>2 cm) and vary in circumscription.
Some are well-circumscribed masses that are pale in color
with a relatively homogeneous appearance on the cut sur-
face, while others are diffusely infiltrative and indistinguish-
able from surrounding brain.
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35.4.1 Intraoperative Cytologic Smears

e Characterized by monomorphic population of discohesive
cells often showing vesicular nuclei and variably-sized
nucleoli in a necrotic background with frequent apoptosis.

e Lack of a fibrillary background allows the exclusion of a
high-grade glioma.

35.4.2 Histopathology

e Histologic subtypes are similar to those seen in systemic
lymphoma including high-grade diffuse large cell lym-
phoma, Burkitt’s-type lymphoma, T cell lymphoma, ana-
plastic large cell lymphoma (ALCL), as well as, low-grade
diffuse lymphocytic, lymphoplasmacytic, mucosa associ-
ated lymphoid tissue type (MALT) or marginal zone B cell
lymphoma (MZBCL). Follicular lymphoma and primary
intracranial Hodgkin’s lymphoma are extremely rare.

— In adults, the large B-cell lymphoma accounts for greater
than 90% of PCNSL.

— The diffuse large B cell lymphoma (Fig. 35.4) is also the
most common subtype in children accounting for 30% of
PCNSL in this age group.

— Composed of large cells with distinct nucleoli representing
cytologic equivalents of centroblasts or immunoblasts.

— Distinct perivascular distribution (Fig. 35.5) and localiza-
tion of viable tumor cells is often associated with perivas-
cular reticulin formation and accounts for the now
antiquated designation as reticulum cell sarcoma.

— Necrosis is usually prominent.

— Brain tumor interface may be well-delineated or may show
an infiltrative pattern.

— Prior steroid therapy may be associated with extensive
tumor lysis, marked apoptosis, and an often non-diagnostic
biopsy.

— Morphologic subtypes similar to the T cell rich or anaplas-
tic variants of large cell lymphoma have been reported.

— Rare examples of precursor B-cell or T-cell lymphoma
have also been reported.

— ALCL including T-cell and null-cell tumors account for
21% of PCNSL in children while precursor B and T cell
lymphoblastic lymphomas (Figs. 35.6-35.9) represent
16%; Burkitt’s lymphoma and histiocytic lymphoma repre-
sent 12 and 5%, respectively; other less common variants
represent 6%.

e Lymphomatoid granulomatosis represents a polymorphous
angiocentric and invasive infiltrate including atypical T
lymphocytes, plasmacytoid lymphocytes and macrophages.
— May be associated with demonstrable EBV genome.

— May occur as CNS disease alone or in combination with
pulmonary manifestations.

— May occur in the setting of AIDS.

e Intravascular lymphomatosis represents CNS involvement
by a primarily systemic, intravascular, often large B cell
lymphoma. Rarely, can be a T cell lymphoma.

— Multifocal infarcts associated with vascular occlusion are
common.

35.5 IMMUNOHISTOCHEMISTRY

e When a lymphoma is suspected and sufficient tissue is avail-
able, tissue should be submitted for flow cytometry.

e Diffuse large B cell lymphomas show positivity for pan-B
cell markers such as CD19 and CD20 (Fig. 35.10a), although
an often variable infiltrating T cell component is always
present (Fig. 35.10b).

e The presence of EBV genome by in situ hybridization is
often demonstrable (Fig. 35.10c).

Most tumors express BCL-2 and BCL-6.
MZBCL express CD19, CD20, CD79a and occasionally
CDS5. CD3 and CD10 are usually negative.

35.6 MOLECULAR PATHOLOGY

Loss of chromosome 6q is associated with poorer outcome.
Copy gain of 18q21 which includes loci for MALT1 and
BCL2 are common.

o Clonal abnormalities including t(1;14), t(6;14) and t(13;18)
translocations have been reported.

e Global gene expression profiling of diffuse large B-cell lym-
phomas has allowed the identification of three distinct sub-
sets with differing profiles and prognostic differences.

— The germinal center B-cell-like diffuse large B-cell lym-
phomas characterized by the expression of genes of the
normal germinal center B cells including BCL-6, CD10
and CD38 with a more favorable clinical outcome.

— The activated B-cell-like diffuse large B-cell lymphomas
characterized by the high levels of expression of genes
that are normally induced during in vitro activation of
peripheral blood B cells including a gene that is translo-
cated in lymphoid malignancies, IRF4 (MUMI/LSIRF),
anti-apoptoticgenes such as FLIP and bcl2 and a subset of
the genes that are characteristic of plasma cells.

— The type 3 diffuse large B-cell lymphomas which express
neither of these set of genes at a high level.

35.7 PROGNOSIS

e Most primary CNS lymphomas do not show systemic dis-
semination and yet show poor survival of only about 1'/,
years.
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Fig. 35.1. (a) and (b) represent coronal T1-w post contrast images showing multiple enhancing lesions in a patient who is immunosuppressed
post bone marrow transplant for Hurler’s syndrome. Ring enhancement is seen in (a).
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Fig. 35.2. (a) Axial T1-w post contrast image showing heterogenous and ring enhancement while (b) axial T2-w post contrast image shows less
intense tumor enhancement and peritumoral hyperintensity due to severe peritumoral edema.

Fig. 35.3. Same patient as Fig. 35.2 with (a) axial FLAIR post contrast image showing similar changes to Fig. 35.2b above and (b) ADC map
showing heterogeneous diffusion pattern with regions of restricted diffusion in solid parts of tumor and increased diffusion in areas of peripheral
edema.
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Fig. 35.4. Diffuse large cell lymphoma. This tumor shows immunopo-
sitivity for CD20 consistent with a B-cell phenotype.

Fig. 35.5. Perivascular arrangement of cells represents a characteristic
histologic feature of PCNSL.

Fig. 35.7. Tumor from patient in Fig. 35.6 demonstrating membranous
Fig. 35.6. Diffuse neoplastic lymphoid infiltrate in a 5-year-old boy. positivity for LCA.
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Fig. 35.8. Same tumor as in Fig. 35.6 demonstrating diffuse immuno-  Fig. 35.9. Same tumor as in Fig. 35.6 demonstrating immunopositivity
positivity for CD3 consistent with a T-cell phenotype. Analysis for for terminal deoxynucleotide transferase (Tdt) consistent with a pre-
CD20 expression was negative. cursor T-cell lymphoblastic lymphoma.

Fig. 35.10. (a) CD20 immunopositivity in a diffuse large B-cell lymphoma. (b) infiltrating T cells (CD3 positive) represent a minor component
of another example of diffuse large B-cell lymphoma, and (c) in situ hybridization demonstrating EBV genome in the viable region of the same
diffuse large B-cell lymphoma.
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36.1 OVERVIEW

e Represents a heterogeneous group of tumors and tumor-like
masses commonly associated with histologically identical
extracranial lesions.

— Broadly classified into two groups: Langerhans cell histio-
cytosis (LCH) and non-Langerhans cell histiocytosis (non-
LCH).

e LCH results from clonal proliferation of dendritic cells with
Langerhans cell characteristics;

— Previously known as Histiocytosis X that included entities
such as eosinophilic granuloma, Hand-Schiiller-Christian
disease and Letterer-Siwe disease.

— LCH as currently defined may present as unifocal, multifo-
cal (usually polyostotic), or disseminated disease.

e The estimated annual incidence of LCH ranges from 0.5 to
5.4 cases per million persons per year with a male-to-female
ratio of 2:1.

e The etiology of LCH is unknown.

— Putative triggers of the clonal proliferation include viral
infections, a defect in intercellular communication (T cell-
macrophage interaction) and/or a cytokine-driven process
mediated by tumor necrosis factor, interleukin 11 and leu-
kemia inhibitory factor.

e Non-LCH associated lesions have cells with features of
macrophage differentiation and encompass a varied group.
— Most common examples are Rosai-Dorfman disease

(RDD), hemophagocytic lymphohistiocytosis, Erdheim-
Chester disease, and Juvenile Xanthogranuloma.

e RDD has an estimated annual incidence of approximately
100 cases per year in the United States.

— CNS involvement accounts for less than 5% of cases of
RDD.

e True histiocytic malignant tumors of the CNS are extremely
rare and include histiocytic sarcoma and follicular dendritic
cell sarcoma.

— Rare examples of primary CNS histiocytic sarcoma and
intracranial follicular dendritic cell sarcoma have been
described.

36.2 CLINICAL FEATURES

e LCH typically occurs in children with a mean age of onset
of 12 years.
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— Diabetes insipidus with or without associated signs of
hypothalamic dysfunction including obesity, hypogonadism,
and growth retardation is the usual clinical presentation.

— Signs of increased intracranial pressure, cranial nerve pal-
sies, seizures, visual disturbances, and ataxia also occur.

e RDD in the CNS shows a predilection for males and typi-
cally presents during the fourth to fifth decade.

— In contrast, nodal-based RDD has a mean age of presenta-
tion of 20.6 years.

— CNS forms usually present as intracranial space-occupying
mass.

— Cervical lymphadenopathy and systemic symptoms may
be absent.

e Juvenile Xanthogranuloma occurs in young children, pri-
marily as cutaneous nodules.

— Dural and parenchymal lesions can occur with or without
skin lesions.

— Xanthoma disseminatum occurs in young adults, typically
involving hypothalamus, pituitary gland, and dura in addi-
tion to extracranial involvement.

e Erdheim-Chester disease typically affects adults. Systemic
involvement of bone, viscera, and adipose tissue is usual,
but may not be evident.

— CNS involvement usually affects cerebellum, spinal cord,
pituitary, meninges or orbit.

e Hemophagocytic lymphohistiocytosis is a rare autosomal
recessive multisystem disease of early infancy.

— Clinical symptoms are fever, hepatosplenomegaly, and
cytopenias.

— Diffuse leptomeningeal and multifocal parenchymal brain
involvement is seen in almost all cases.

36.3 NEUROIMAGING

e MRI lesions in LCH often include craniofacial bone and
skull base lesions in 56% (Fig. 36.1a—e), hypothalamic-pitu-
itary region lesions in 29%, choroid plexus lesions in 6%,
intra-axial grey and white matter lesions in 36%, and cerebral
atrophy in 8%.

— With diabetes insipidus, there is loss of the posterior pitu-
itary bright spot.

e The MRI lesions in LCH can range from sharply demar-
cated tumor-like lesions to punctuate lesions in the cerebral
parenchyma.

— MR T1-weighted hyperintensities in the cerebellar dentate
nucleus and basal ganglia may occur as well.

e MRI in Rosai-Dorfman disease usually shows solitary or
multiple dural-based masses, mimicking meningioma.
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— However, parenchymal and intrasellar lesions, as well as
extension from an orbital/nasal/sinus lesion has been
described.

— Intramedullary spinal cord lesions have also been
reported.

e Hemophagocytic lymphohistiocytosis is characterized by
diffuse abnormal T2 signal intensity in the white matter.

36.4 PATHOLOGY

e LCH lesions can be yellow or white dura-based nodules or
granular well-delineated or ill-defined parenchymal infiltrates.
e RDD can be single or multiple, dura-based, intracranial, or
intraspinal masses.
— The indurated lesions can be simultaneously intradural and
extradural.

36.4.1 Intraoperative Cytology Smear

e Cytopreparations in LCH are cellular with a dominant popu-
lation of round to oval histiocytes with ovoid to lobated,
reniform nuclei containing pale chromatin and prominent
longitudinal grooves or folds.

— The cytoplasm is abundant and frequently vacuolated. The
background contains a variable number of inflammatory
cells, including eosinophils, lymphocytes, and neutrophils.

e Cytopreparations of RDD contain phagocytic histiocytes,
admixed with small lymphocytes, transformed lymphocytes,
plasmacytoid lymphocytes, and immunoblasts.

— Phagocytic histiocytes are very large cells with macronu-
clei, enlarged nucleoli and abundant cytoplasm, and often
contain phagocytosed lymphocytes, which are thought to
traffic back and forth through the cytoplasm of these histio-
cytes (emperipolesis).

— Lymphocytes should be present in the same plane of focus
as the histiocytic cytoplasm, to be certain of emperipolesis.

36.4.2 Histopathology

e LCH has a polymorphic infiltrate composed of Langerhans
cells, macrophages, lymphocytes, plasma cells, and a vari-
able number of eosinophils (Fig. 36.2a and b).

— The nuclei of Langerhans cells are typically slightly eccen-
tric, ovoid, reniform, or convoluted with linear grooves and
inconspicuous nucleoli.

— The cytoplasm is abundant, pale to eosinophilic.

— LCH can occasionally present with demyelination and a
sparse infiltrate of Langerhans cells.

— A paraneoplastic encephalitis-like presentation involving
the cerebellum and brain stem, characterized by infiltrating
CDS8-reactive lymphocytes, axonal destruction and sec-
ondary demyelination, microglia activation, and gliosis
is rarely associated with LCH.

e RDD shows sheets of histiocytes with vacuolated cytoplasm,
admixed with lymphocytes and plasma cells.

— Emperipolesis is pathognomonic, but may not be seen in
30% of cases presenting as leptomeningeal disease.

e Juvenile Xanthogranuloma/Xanthoma disseminatum shows
histiocytes with scattered Touton giant cells, lymphocytes,
and eosinophils.

e Erdheim-Chester disease shows lipid-laden histiocytes
with small nuclei, Touton-like multinucleate giant cells,

scant lymphocytes, and eosinophils along with
fibrosis.

e Hemophagocytic lymphohistiocytosis shows diffuse infil-
trations of lymphocytes and macrophages with
hemophagocytosis.

e Histiocytic sarcoma shows a malignant histiocytic
infiltrate.

— Follicular dendritic cell sarcoma may show spindle cells
with vesicular nuclei and whorl formation.

36.5 IMMUNOHISTOCHEMISTRY

e Immunohistochemistry is critical in defining these often his-
tologically similar lesions.

e InLCH:

— Langerhans cells express S-100 protein, vimentin, CDla
(Fig. 36.3), langerin (CD207) and HLA-DR.

— They almost never express CD45, CD15 and lysozyme.

— Ki67/MIB-1 proliferation indices range from 4 to 16%.

e Histiocytes in Rosai-Dorfman disease are S-100 protein+,
CDla—, CDl1l1c+, CD68+, MAC387+, lysozyme —/+.

e Histiocytes in Juvenile Xanthogranuloma/Xanthoma dis-
seminatum are CDla—, CD 11c+, CD68+, factor XIIla+,
MAC387 —/+, lysozyme—, and S-100 protein—.

e Histiocytes in Erdheim-Chester disease are CD1a—, CD68+,
and S-100 protein—.

e Macrophages in Hemophagocytic lymphohistiocytosis are
CDl1l1c+, CD68+, CDla —/+, and S-100 protein—/+.

e Histiocytic Sarcoma tumor cells are CD68+, CDllc+,
lysozyme+ and CD14+.

— Lymphoid, myeloid, and dendritic markers are negative.

e Follicular dendritic cell sarcoma may be positive for vimen-
tin and EMA, thus mimicking meningioma, but they are also
positive for dendritic cell markers such as CD21, CD23, and
CD35.

36.6 ELECTRON MICROSCOPY

e The ultrastructural hallmark of Langerhans cells are Birbeck
granules, which are 34 nm rod-shaped or “tennis racket-
shaped” intracytoplasmic pentalaminar structures with cross
striation and a zipper-like central core (Fig. 36.4).

36.7 DIFFERENTIAL DIAGNOSIS

e A major diagnostic dilemma is distinguishing LCH from
non-LCH lesions.

— Appropriate panel, including immunostains for CD1a and
Langerin or electron microscopy to determine the presence
of Birbeck granules, allows an unequivocal diagnosis of
LCH.

e LCH and non-LCH lesions must be distinguished from
granulomas induced by infectious organisms.

— Parasitic infections may be associated with granulomas
having a prominent eosinophilic infiltrate.

— Excluding an infection is critical in ensuring accurate diag-
nosis and appropriate management.
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36.8 MOLECULAR PATHOLOGY

e LCH is a monoclonal proliferation.

— Karyotype analysis, array-based comparative genomic
hybridization (array CGH) and single nucleotide polymor-
phism arrays have failed to demonstrate genomic aberra-
tions in Langerhans cell histiocytosis.

— p53 positivity has been noted in the Langerhans cell
nuclei, but mutations of the p53 gene have yet to be
documented.

e Molecular studies using polymorphic regions of human
androgen receptor locus have demonstrated that RDD is a
polyclonal disorder.

— Etiology of RDD is unknown, but molecular and immu-
nophenotypic studies suggest derivation from activated
macrophages, shown to produce interleukin-13 and
TNFo.

e Hemophagocytic lymphohistiocytosis is a rare autosomal
recessive multisystem disease of early infancy.

— Associated genetic defect is currently unknown.

36.9 PROGNOSIS

e The overall survival of LCH at 5, 15, and 20 years are 88%,

88%, and 77%, respectively.

— Spontaneous recovery may be seen in unifocal LCH.

— Poorer prognosis with mortality rate reaching up to 20%
has been observed in multifocal, multisystem LCH with
organ dysfunction.

— No prognostic significance has been associated with cyto-
logic atypia and mitotic activity in LCH.

e RDD has excellent prognosis with no evidence of disease
progression following surgery.

e Hemophagocytic lymphohistiocytosis is lethal without bone
marrow transplantation.
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Fig. 36.1. Orbital MRI showing (a) coronal and (b) axial T2-weighted images with an orbital mass extending into the anterior cranial fossa and
having heterogeneous signal intensity. (¢) Coronal and (d) sagittal T1-weighted post contrast images show heterogeneous moderate enhance-
ment, while (¢) ADC map shows increased diffusion.
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Fig. 36.2. Histology of LCH histiocytosis showing (a) a heterogeneous inflammatory infiltrate, including histiocytes, eosinophils, lymphocytes,
and plasma cells, and (b) with a variable amount of multinucleated giant cells.

Fig. 36.3. CD1a immunopositivity is seen in the proliferating dendritic
cells of LCH.

Fig. 36.4. Classic ultrastructural diagnostic feature of LCH is the
Birbeck granule, which is a rod-shaped or “tennis racket-shaped” intra-
cytoplasmic pentalaminar structure with cross striation and a zipper-
like central core.



Section M: Interesting/Challenging Cases and Exercises
in Pattern Recognition

Christine E. Fuller and Adekunle M. Adesina

Abstract This chapter represents the most educational of all the chapters in this book. It was
prepared with the intention of providing ten interesting and sometimes challenging cases to the
reader who is interested in sharpening his/her diagnostic skills.



Case Studies
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37.1 CASE STUDY -A

History Summary

e A 2V year old girl presented with signs/symptoms of
increased intracranial pressure.

e MRI studies disclosed a large, partially cystic mass involving
the right cerebellar hemisphere/right cerebellopontine angle
with hydrocephalus. The lesion was isointense on T1-w
images and showed heterogeneous contrast enhancement.

e Additional imaging studies revealed multiple drop metasta-
ses along the spinal cord.

Pathology Findings

e Figures 37.1-37.3 are of different areas from the tumor tis-
sue retrieved at the time of surgical debulking. Representative
images of some immunohistochemical studies are provided
here, including EMA (Fig. 37.4), smooth muscle actin (SMA
— Fig. 37.5), and BAF-47/INI1 (Fig. 37.6).

e What is the diagnosis?

37.2 CASESTUDY -B

History Summary

e An 8-year-old boy presented with headache, vomiting, and
decreased visual acuity.

e MRI studies disclosed a large solid intracerebral lesion
involving the right temporoparietal region. The lesion had a
minor cystic component, focal necrosis, was isointense to
grey matter on both T1 and T2-w images, and enhanced post
contrast. There were some peritumoral edema and mass
effect. The lesion was not in close proximity to the ventricu-
lar system.

Pathology Findings

e Figures 37.7 and 37.8 are representative photomicrographs
of routine H & E stained sections of tumor from partial surgi-
cal excision, while immunohistochemical studies for GFAP
and EMA are depicted in Figs. 37.9 and 37.10, respectively.

e  What is the diagnosis?

37.3 CASE STUDY -C

History Summary

e A 10 year old boy presented with headaches and “clumsi-
ness.” According to his parents, these symptoms have been
slowly progressive over the course of a year.

e MRI studies revealed a large posterior fossa lesion; a repre-
sentative T1-w postcontrast image is given in Fig. 37.11.

Pathology Findings

e Figures 37.12-37.15 are representative photomicrographs
of routine H & E stained sections from tissue obtained at
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gross total resection of this lesion. No additional stains were
performed.
e What is the diagnosis?

37.4 CASESTUDY -D

History Summary

e A 16 year old boy presented with headaches, nausea, and
vomiting.

e A large right posterior parasagittal lesion was detected on
MR imaging studies. A representative T1-postcontrastimage
is given in Fig. 37.16. Of note, a smaller lesion was present
more anteriorly (not shown); this lesion was also parasagit-
tal and was solid with diffuse contrast enhancement.

Pathology Findings

e Figures 37.17-37.19 are representative photomicrographs
of routine H & E stained sections from tissue obtained at
gross total resection of this lesion. The features depicted in
Figs. 37.17 and 37.18 made up the majority of the lesion,
while the findings in Fig. 37.19 were seen only focally.

e Examples of EMA and INII are shown in Figs. 37.20 and
37.21, respectively.

e What is the diagnosis?

37.5 CASE STUDY -E

History Summary

e A 16 year old male presented with headache and blurred
vision.

e MRI shows a slightly heterogeneous but predominantly T1
hypointense (Fig. 37.22a) and T2 hyperintense (Fig. 37.22b)
mass eccentrically placed to the right of midline and occu-
pying the suprasellar cistern and apparently arising from the
region of the sella.

e Following the administration of gadolinium, there is
enhancement of the more solid appearing superior aspect of
the tumor with more heterogeneous enhancement of the
right-sided suprasellar mass.

e There is evidence for a left-to-right downward sloping of
the pituitary fossa.

e There is increased diffusion (Fig. 37.22c).

e Patient underwent a biopsy and partial resection of tumor.

Pathology

e Intraoperative smear shows a hypocellular myxoid lesion
(Fig. 37.23a).

e Additional microscopic images show a chondroid lesion
with variable cellularity (Fig. 37.23b—d) and surrounding
reactive bone changes (Fig. 37.23e).
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e Immunostains include S-100+(Fig. EMA
(Fig. 37.24b) and Ki67 (Fig. 37.24c¢).

e What is the diagnosis?

37.244),

37.6 CASE STUDY -F

History Summary

e A 15 year old male presented with headache and blurred vision.

e MRI and CT scans showed the presence of a clival mass.

e Patient had surgery for biopsy and partial resection.

Pathology

e Microscopy shows a moderately cellular and pleomorphic
tumor with variably vacuolated cells in a myxoid matrix
(Fig. 37.25a—¢).

e There are frequent mitoses, as well as diffuse positivity for
S-100 (not shown) and cytokeratin (Fig. 37.26).

e What is the diagnosis?

37.7 CASE STUDY -G

History Summary

e A 17 year old girl presented with upper extremity weakness.

e MRI/CT studies show the presence of an extra-axial, dura-
attached mass in the right posterior frontal lobe.

o Patient underwent a gross total surgical resection.

Pathology

e Microscopy sections show a highly cellular, small blue cell
tumor (Figs. 37.27 and 37.28) with a prominent myxoid com-
ponent (Fig. 37.29), chondroid differentiation (Fig. 37.30),
and regional spindle cells (Fig. 37.31) sometimes arranged in
a herring-bone pattern (Figs. 37.31 and 37.32).

e Tumor cells show a diffuse membranous immunopositivity
for CD99 and focal positivity for S-100 in the chondroid
regions. EMA, synaptophysin, cytokeratin, desmin, myo-
genin, and myoD are negative (not shown).

e What is the diagnosis?

37.8 CASE STUDY - H

History Summary

e A 4 year, old boy presented with multiple cranial nerve
deficits, dysarthria, and motor weakness, more severe on the
left than right side.

e MRI/CT studies disclosed a tumor in the brainstem. A biopsy
was not done.

Treatment

The child was radiated.

e Treated with Thiotepa.

e Had an autologous bone marrow transplant.

o In spite of these, there was inexorable growth of tumor, and
he died 18 months later.

Autopsy

e Postmortem examination disclosed a hemorrhagic tumor
extending from the right cerebral peduncle in the midbrain
caudally into the most caudal portion of the pons.
— It was the largest at the level of the locus ceruleus Fig. 37.33.
— In addition, multiple metastases were found in leptome-

ninges at all levels, along with parenchymal, hemor-
rhagic tumor in temporal lobe Figs. 37.34 and 37.35.

— Microscopic images — (Fig. 37.36a and b).

e  What is the diagnosis?

37.9 CASE STUDY -1

History Summary

e A 9year old boy presented with recent onset of seizures and
headache.

e MRI studies disclosed a left hemispheric mass isointense on
T1-weighted image (Fig. 37.37a) and hyperintense on
T2-weighted image (Fig. 37.37b).

— There is slight enhancement postcontrast (Fig. 37.37c
and d).

e Patient underwent a near gross total resection.

e Postsurgery, the patient is alive 10 years postresection.

Histology

e Tumor is composed of oval to spindle cells in a fibrillary
matrix (Fig. 37.38a and b).

e There is a distinct perivascular pseudorosette-like arrange-
ment of tumor cells, which is florid in some regions
(Fig. 37.38c), and less florid at the infiltrative edge
(Fig. 37.384d).

e There is associated diffuse immunopositivity for GFAP
(Fig. 37.39a).

e Immunostain for Ki67 shows a low proliferation index
(Fig. 37.39b).

e What is the diagnosis?

37.10 CASE STUDY -

History Summary

e A 5 month old boy presented with vomiting and altered
sensorium.

e MRI studies reveal a left hemispheric mass heterogeneous
on T1-weighted image (Fig. 37.40a), and hyperintense on
T2-weighted image (Fig. 37.40b), associated with extensive
peritumoral edema.

— There are marked contrast enhancement (Fig. 37.40c)
and associated diffusion restriction on ADC map
(Fig. 37.40d).

e Patient underwent biopsy followed by a limited resection.

Pathology

e Intraoperative smears and frozen sections are shown in
Fig. 37.41a—e.

e Microscopic images from the permanent sections are shown
in Fig. 37.42a and b.

e Immunostainsinclude, GFAP (Fig.37.43a),p53 (Fig.37.43b),
and Ki67 (Fig. 37.43c).

Synaptophysin and neurofilament immunostains are negative.
What is the diagnosis?

37.11 ANSWERS
37.12 CASE STUDY -A

Diagnosis

e Atypical teratoid/rhabdoid tumor.

Other findings: additional immunohistochemical stains that

were positive include GFAP, pancytokeratin (in the epithelial

islands and rare individual cells), synaptophysin, and CD99.

Comment

This case teaches several lessons:

e Not all cerebellar tumors with a predominance of small blue
cells are medulloblastomas. AT/RT should be suspected in
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cases occurring in the very young (under age 3 years) and in
cases with cells/components divergent from the typical
“small blue cell” appearance.

e Judicious utilization of multiple immunohistochemical
stains, to include especially EMA and SMA together with
neuronal and glial markers, is essential in the assessment of
polyphenotypia characteristic of AT/RT.

e Immunohistochemical assessment for INI1 status (BAF47
stain-note the tumor cells have lost expression for this marker
in the current case) is confirmatory of AT/RT status and is
helpful in differentiating this tumor from other lesions that
may contain cells with a rhabdoid morphology (glioblastoma,
choroid plexus tumors, meningioma). In the latter tumors,
nuclear positivity for BAF47/INI1 would be retained.

37.13 CASE STUDY - B

Diagnosis

e C(lear cell ependymoma.

Comment

This case teaches several lessons:

e Not all ependymomas arise in association with the ventricles;
they may be intraparenchymal as well.

e The presence of perivascular pseudorosettes (Fig. 37.8)
should always raise the suspicion for ependymoma, particu-
larly in the setting of a clear cell tumor.

e C(lear cell ependymoma may closely mimic a variety of
other clear cell tumors, including oligodendroglioma, neu-
rocytoma, hemangioblastoma, meningioma, and metastatic
renal cell carcinoma. As noted above, the finding of perivas-
cular pseudorosettes is an important clue; GFAP positivity
and a dot-like pattern by EMA effectively rule out the other
listed possibilities. Ultrastructural analysis may be needed
only in rare cases.

37.14 CASE STUDY - CS

Diagnosis

e Pilocytic astrocytoma.

Comment

This case teaches several lessons:

e Review of available radioimaging studies is critical in the
pathologic workup of tumors of the CNS and often provides
very helpful clues to diagnosis in cases where tissue is limited or
unusual/uncommon histologic patterns of otherwise readily-
recognizable tumors are detected. In the current case, the enhanc-
ing cyst with mural nodule configuration found in this child’s
cerebellum should alert the pathologist to be on the lookout for
features of low grade tumors, especially pilocytic astrocytoma.

e Pilocytic astrocytoma represents a “great mimicker” among
the pediatric CNS tumors, as it may exhibit a wide array of
histologic features, including areas that look like oligoden-
droglioma (Fig. 37.12) or perivascular pseudorosettes (as in
ependymoma; Fig. 37.13), amongst others. In the context of
more typical features of pilocytic astrocytoma as seen in the
current case, including biphasic loose and compact architec-
ture and numerous eosinophilic granular bodies (Fig. 37.14
and 15), the diagnosis of pilocytic astrocytoma is more read-
ily apparent.

e Pleomorphism does not always connote malignancy; degen-
erative nuclear atypia is not uncommonly found in slow-

growing low grade tumors. Often these bizarre nuclei may
have intranuclear cytoplasmic invaginations instead of
prominent nucleoli. It is the features in the tissue surround-
ing these pleomorphic nuclei where diagnostic features of
malignancy or benignity are found.

37.15 CASE STUDY -D

Diagnosis

e Anaplastic meningioma with papillary and rhabdoid
components.

Comment

This case teaches several lessons:

e Parasagittal lesions that appear to have dural attachment/
involvement, be they solid or with a cystic component,
should raise a suspicion for dural-based tumors, most com-
monly meningioma. The finding of a dural tail is particularly
helpful in confirming the dural-based nature of a lesion.

e WHO grade II and grade III meningioma variants are more
frequent in children. Lesions exhibiting a prominent papil-
lary architecture with/without concomitant rhabdoid cells
are features (Fig. 37.17 and 18) that should prompt a careful
search for more classic features of meningioma, including a
more spindle cell morphology as seen in Fig. 37.19.
Unfortunately, well-formed whorl arrangements are infre-
quent in high grade meningiomas, necessitating application
of immunohistochemical stains. EMA staining is character-
istic of meningiomas, while choroid plexus carcinomas
should be positive for pancytokeratin. Nuclear positivity for
INI1/BAF47 should be retained in rhabdoid meningiomas,
while this is not true of AT/RT.

e The finding of multiple meningiomas should prompt workup
for NF2.

37.16 CASE STUDY -E

Diagnosis

e Chondrosarcoma, intermediate grade.

Comment

e Chondrosarcoma mimicking a pituitary adenoma is
unusual.
Tumor probably arising from bone of skull base.
Important differential diagnosis is chondroid chordoma.

37.17 CASE STUDY - F

Diagnosis

e Chordoma with malignant transformation.

Comment

e Malignant transformation is infrequent in chordoma.

e The presence of malignant transformation portends a poor
prognosis.

e An important differential diagnosis is chondrosarcoma.

37.18 CASE STUDY - G

Diagnosis

o Extraskeletal mesenchymal chondrosarcoma.
Comment

e Rare tumor in the CNS.
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H & E histologic features as illustrated are characteristic.
Presence of chondroid differentiation is a major distinguishing
feature from hemangiopericytoma.

e Small biopsies without a distinct chondroid component may
be problematic.

37.19 CASE STUDY -H

Diagnosis
e Medulloepithelioma.

— The neoplastic cells did not express any antigen except
for a few fields showing histological features of glial
differentiation.

Comment

This case teaches several lessons:

(1) All brainstem tumors are not astrocytomas.

(2) Although the majority of medulloepitheliomas arise in the
cerebrum, they occur in other CNS sites as well.

(3) Antigen expression may be inconsistent.

37.20 CASE STUDY -1

Diagnosis
e Angiocentric glioma.
Comment
— Perivascular pseudorosette-like arrangements though
characteristic for ependymoma may occur in tumors
other than ependymomas.

37.21 CASE STUDY -}

Diagnosis

e Congenital glioblastoma.

Comment

e Congenital glioblastoma is uncommon.

e In this infant, clinical and neuroradiologic profile would
suggest a differential diagnoses that include supratentorial
primitive neuroectodermal tumor, medulloepithelioma,
atypical teratoid rhabdoid tumor, choroid plexus carcinoma,
and anaplastic ependymoma.
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Fig. 37.3. Case A - Region of tumor with epithelioid cells having
eccentric nuclei and eosinophilic cytoplasm. Fig. 37.6. Case A - Immunostain for INI1 (BAF-47 antibody).
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Fig. 37.7. Case B - Monomorphic cells with clear cytoplasm and  Fig. 37.10. Case B - Immunostain for EMA.
endothelial proliferation.

Fig. 37.9. Case B - Immunostain for GFAP.
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Fig. 37.13. Case C - H & E stained section. Fig. 37.15. Case C - H & E stained section.
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Fig. 37.18. Case D - H & E stained section. Fig. 37.21. Case D - Immunostain for INI1 (BAF-47 antibody).
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Fig. 37.22. Case E - (a) T1 hypointense (b) T2 hyperintense (¢) ADC map.
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Fig. 37.23. Case E - (a) intraoperative smear preparation (b-e) H & E stained sections.
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Fig. 37.24. Case E - Immunostains for (a) S-100 (b) EMA (c) Ki67.
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Fig. 37.25. Case F - (a-e) H & E stained sections.
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H & E stained section.

Case G -

ig. 37.27.

F

Immunostain for Cytokeratin.

. 37.26. Case F -

Fig.

Fig. 37.28. Case G - H & E stained sections.

stained section.

H&E

.30. Case G

Fig. 37

Case G - H & E stained section.

. 37.29.

Fig
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Fig. 37.34. Case H.
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Fig. 37.35. Case H.

Fig. 37.33. Case H.
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Fig. 37.36. Case H - H & E stained sections.

Fig. 37.37. Case I - (a) T1-weighted image (b) T2-weighted image (¢ and d) post contrast MR images.
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Fig. 37.39. Case I - Immunostains for (a) GFAP and (b) Ki67.
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Fig. 37.41. Case J (a and b) - Intraoperative smears (c-d) H & E stained frozen sections.
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Fig. 37.43. Case I - Immunostains for (a) GFAP (b) P53 and (c) Ki67.
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ultrastructural features, 49, 59 Choricarcinoma, 292, 295
Anaplastic large cell lymphoma (ALCL), 306 Chordoid meningioma, 112, 122
Anaplastic meningioma, 112, 122, 321 Choroid plexus neoplasms
Anaplastic mixed oligoastrocytoma, 40, 45 choroid plexus carcinomas (CPC)
Anaplastic oligodendroglioma, 40, 44 clinical features, 269
Angiomatous meningioma, 112, 120 differential diagnosis, 271
Anti-INI1 (BAF-47) stain, 271 gross pathology, 269
Atypical meningioma, 112, 121 histology, 269-270
Atypical choroid plexus papillomas immunohistochemistry, 270, 279
(WHO grade II), 270, 276 intraoperative smears, 269, 273
Atypical teratoid rhabdoid tumor molecular pathology, 270, 279
(ATRT), 77, 80, 210 neuroimaging, 269, 272
clinical features, 95 prognosis, 271
cytology, 95 three-dimensional clusters, 274
desmoplasia, 104 WHO grade 111, 270, 277, 278
differential diagnosis, 96, 102 choroid plexus papillomas (CPP)
gross pathology, 95, 98, 102 differential diagnosis, 271
histology fibrovascular papillary projection, 275
epithelial differentiation, 96 gross pathology, 269
rhabdoid cells, 96, 103, 104 immunohistochemistry, 270, 279
immunohistochemistry, 96 intraoperative smears, 269, 273
intraoperative smears, 95 molecular pathology, 270, 279
molecular pathology, 96-97 neuroimaging, 269, 272
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Choroid plexus neoplasms (cont.)
prognosis, 271
WHO grade I, 270, 275
Clear cell ependymomas
histopathology, 48-49, 55
molecular pathology, 50
prognosis, 50
Clear cell meningioma, 112, 122
Clear cell renal cell carcinoma (RCC), 138
CNS melanocytic lesions, 134
Cowden disease (CD), 247
Craniopharyngioma
clinical features, 263
differential diagnosis, 264
histology, 263
immunohistochemistry, 263-264
molecular pathology, 264
neuroimaging, 263, 264
prognosis, 264
variants, 263
Cytotrophoblasts, 295

D
Desmoplastic infantile astrocytoma and ganglioglioma
clinical features, 165
differential diagnosis, 165
immunohistochemistry, 165, 168, 169
neuroimaging, 165, 167
pathology, 165, 168
prognosis, 165
Diffuse neurofibroma, 153
DNET. See Dysembryoplastic neuroepithelial tumor
Dysembryoplastic neuroepithelial tumor (DNET), 41, 171-172,
174-182, 191, 200, 205
clinical features, 171
differential diagnosis, 172
histopathologic features
complex form, 171, 177, 178
cortical dysplasia, 172
non-specific variants, 171
simple form, 171
immunohistochemistry, 172, 178-180
molecular pathology, 172
neuroimaging, 171, 174-176
prognosis, 172

Dysplastic cerebellar gangliocytoma. See L’hermitte—Duclos disease (LDD)

E
Endolymphatic sac tumor, 237
Eosinophilic granular bodies (EGBs), 6

Ependymomas (ependymal tumors). See also specific ependymomas

clinical feature, 47

differential diagnosis, 50

histopathologic variants, 48—49, 55

infilltrative gliomas, 47

molecular pathology, 49-50

pathology, 48, 54

prognosis, 50

supratentorial tumors, 47
Epithelioid glioblastoma, 210
Epstein-barr virus genome, 305, 306, 310
Erdheim-Chester disease, 311, 312
Extraskeletal mesenchymal chondrosarcoma, 321

F
Fibrous meningioma, 112, 119
Flexner—Wintersteiner rosette, 287

G
Ganglioglioma and gangliocytoma
clinical features, 181
histology, 181-182
immunohistochemistry, 182, 190
molecular pathology, 182
morphology and differential
diagnosis, 182, 188-191
neuroimaging
cystic right temporal lobe, 181, 184
T1 and T2 weighted images, 181, 185
pathology, 181, 182
Ganglioneuroblastoma, 68—69
Ganglioneuronopathy, 300
Gemistocytic astrocytoma, 27, 35
Germ cell tumors
choriocarcinoma
histopathology, 292, 295
immunohistochemistry, 292
clinical features, 291
embyonal carcinoma
histopathology, 292, 295
immunohistochemistry, 292
germinoma
histopathology, 291, 293
immunohistochemistry, 292, 296
molecular pathology, 292
neuroimaging, 291, 293
prognosis, 292
teratoma
histopathology, 291-292, 294
immunohistochemistry, 292
yolk sac tumor (endodermal sinus tumor)
histopathology, 292, 295
immunohistochemistry, 292
Glial fibrillary acidic protein (GFAP), 27, 38,
165, 168
Glioblastoma
carcinoma/epithelial cells, 27
endothelial proliferation, 26, 34
giant cell glioblastoma, 27, 36
lipidized cells, 27
microvascular proliferation, 26, 34
Gliofibrillary oligodendrocytes, 40, 43
Glioneuronal tumor, 210
clinical features, 209
immunohistochemistry, 205, 209-210
intraoperative smears, 209, 214
microscopic feature, 209
molecular pathology, 206, 210
neuroimaging, 205, 209
pathology
gross, 205-206
molecular, 206, 210
prognosis, 206, 210
T1 and T2 weighted images, 213
Gliosarcoma, 27, 37
Gorlin’s syndrome, 75, 78, 111
Granular cell tumor
clinical features, 255
electron microscopic examination, 257
histology, 256
immunohistochemistry, 256
neuroimaging, 255
pathology, 256
prognosis, 257
GTP-ase activating protein (GAP), 230
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H
Hand-Schiiller-Christian disease, 311
Hemagiopericytomas
clinical features, 125
differential diagnosis, 126
histology, 126
immunohistochemistry, 126, 130
molecular pathology, 126
neuroimaging, 125
pathology
gross and introperative, 125
molecular, 126
prognosis, 126-127
ultrastructural findings, 126
Hemangioblastoma
clinical features, 137
differential diagnosis, 138
immunohistochemistry, 137-138
molecular pathology, 138
neuroimaging, 137, 139
pathology, 137
prognosis, 138
Hemophagocytic lymphohistiocytosis, 311, 312
Hemorrhage/hemosiderin-laden macrophages, 49, 57
Histiocytic sarcoma, 312
Histiocytic tumors
clinical features, 311
dendritic cell sarcoma, 311
differential diagnosis, 312
electron microscopy, 312, 315
histopathology, 312
hypothalamic-pituitary region lesions, 311, 314
intraoperative cytology smear, 312
malignant, 311
nucleotide polymorphism arrays, 313
pathology, 312
prognosis, 313
S-100 protein, 312, 315
Histology, meningeal hemangiopericytomas
anaplastic (WHO grade III), 125, 126, 130
morphology, 125
Homer—Wright rosettes, 287
Hydrocephalus, 269, 272

|
Infiltrative astrocytomas
clinical features, 25
differential diagnosis, 28
electron microscopy, 27
histology
anaplastic astrocytoma, 26, 33
fibroblastic component, 27
glioblastoma, 2627
gliomatosis, 27, 38
gliosarcoma, 27, 37
immunohistochemistry, 27
molecular pathology, 27-28
neuroimaging
brainstem lesions, 25
dorsally exophytic gliomas, 26
FLAIR MR imaging, 26, 31
pediatric anaplastic astrocytoma, 25
Ollier’s disease, 25
pathology, 26-27
prognosis, 28
rhabdoid cells, 28
INII protein expression, 209, 218

Intracranial ependymoma
clinical feature, 47
neuroimaging, 48, 52
Intracranial paraganglioma, 221
Intravascular lymphomatosis, 306

J

Juvenile xanthogranuloma/xanthoma disseminatum, 311, 312

L
L hermitte—Duclos disease (LDD)
CD association, 247
clinical features, 247
differential diagnosis, 248
histopathology, 248, 250
immunohistochemistry, 248, 250-251
molecular pathology, 248
neuroimaging, 247-249
Langerhans cell histiocytosis (LCH), 311
Leptomeningeal extension, (PA), 13
Leptomeningeal melanocytes
clinical features, 133
differential diagnosis, 134
immunohistochemistry, 134, 135
neuroimaging, 133, 135
pathology, 133-134, 136
prognosis, 134
Letterer-Siwe disease, 311
Limbic encephalitis, 299
Lipomas, 125-126
Localized cutaneous neurofibroma, 153
Luse body, 146, 151
Lymphoplasmacyte-rich meningioma, 112, 120
Lymphomatoid granulomatosis, 306

M
Malignant epithelioid glioneuronal tumor (MEGNT)
clinical features, 209
differential diagnosis, 210
electron microscopy examination, 209, 218-219
histologic feature, 210, 214
immunohistochemistry, 209, 216-218
molecular pathology, 210
neuroimaging, 209, 211-213
pathology, 209, 213-216
prognosis, 210
Malignant lymphomas
B-cell lymphomas, 306
clinical features, 305
CNS extranodal lymphomas, 305, 306
Epstein-barr virus genome, 305
immunohistochemistry, 306, 310
neuroimaging
heterogeneous diffusion pattern, 305, 308
ring enhancement, 305, 307
pathology
histopathology, 306
intraoperative cytologic smears, 306

primary central nervous system lymphoma (PCNSL), 305

prognosis, 306

Malignant peripheral nerve sheath tumor (MPNST), 229

clinical features, 159
differential diagnosis, 160
immunohistochemistry, 160
molecular pathology, 160
neuroimaging, 159, 161
pathology
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Malignant peripheral nerve sheath tumor (MPNST) (cont.)
frozen section, 159, 161, 162
histology, 159, 162
intraoperative smears, 159, 161
variants, 160
prognosis, 160
Medulloblastoma
clinical features, 75
conventional comparative genomic hybridization (CGH), 92
cytology, 84-85
differential diagnosis
atypical teratoid rhabdoid tumor (ATRT), 80
blue cell tumors, 77
histology
classic medulloblastomas, 77, 84, 86
extensively nodular medulloblastoma, 76, 81
melanotic medulloblastoma, 76
nodular (desmoplastic) medulloblastoma, 77-78, 88—89
immunohistochemistry, 77
molecular pathology, 75
morphology, 87
MR spectroscopy, 75, 82
neuroimaging, 75
pathology
cell wrapping/cannibalism, 75, 76, 85, 87
cytologic imprints/smears, 75
prognosis, 77, 91
Medulloepithelioma, 322
Melanotic paraganglioma, 223
Meningioangiomatosis, 235
Meningiomas
clinical features, 111
differential diagnosis, 113-114
immunohistochemistry, 113, 124
molecular pathology, 113
neuroimaging
edema, 111, 116
tumor seeding, 111
pathology
anaplastic (malignant) meningioma, 112, 122
angiomatous meningioma, 112, 120
atypical meningioma, 112, 121
chordoid meningioma, 112, 122
clear cell meningioma, 112, 122
cytologic imprints/smears, 111, 117
gross, 111
lymphoplasmacyte-rich meningioma, 112, 120
meningothelial and fibrous meningioma, 112, 119
metaplastic meningioma, 112, 120
microcystic meningioma, 112, 120
papillary meningioma, 112, 123
psammomatous meningioma, 112, 120
rhabdoid meningioma, 112-113, 123
secretory meningioma, 112, 120
transitional (mixed) meningioma, 112, 119
prognosis, 114
Meningothelial meningioma, 112, 119
Metaplastic meningioma, 112, 120
Merlin. See Schwannomin
Microadenomas, 255
Microcystic meningioma, 112, 120
Mixed oligoastrocytomas (MOAs), 39, 40
mTOR pathway, 248, 251
Multicystic mass, 165, 167
Multiple endocrine neoplasia (MEN) type 1, 255
Multiple hamartoma syndrome, 247
Myelitis, 300

Myxofibrosarcoma, 154

Myxopapillary ependymoma
clincial feature, 47
differential diagnosis, 50
gross pathology, 48
histopathology, 49, 56
immunohistochemistry, 49
neuroimaging, 47, 48, 53
prognosis, 50-51
ultrastructural features, 49

N
Neurilemmoma. See Schwannoma
Neurofibroma
clinical features, 153
differential diagnosis, 154
immunohistochemistry, 154, 157
molecular pathology, 154
neuroimaging, 153, 155
pathology
frozen section, 153, 155
intraoperative smears, 153, 155
microscopic features, 153, 156
variants, 153-154, 157
Neurofibromatosis (NF1), 153, 154
characteristics, 229
clinical features, 229
molecular pathology, 230
neuroimaging, 229, 231
pathology, 229-230
prognosis, 230
Neurofibromatosis 2 (NF2)
clinical features, 233
gene, 146
meningiomas, 111, 113-114
molecular pathology, 233
mutation, 50
neuroimaging, 233
pathology, 233, 235
prognosis, 233
syndrome, 47
Non-Langerhans cell histiocytosis
(non-LCH), 311

(0]
Oligodendroglia-like cells, 171, 172, 176
Oligodendroglial tumors
clinical features, 39
cytological squash/smear preparations, 39, 43
differential diagnosis, 41
electron microscopy, 40
fibrillary cytoplasmic processes, 39
glial intermediate filaments, 40
gross pathology, 39
immunohistochemistry, 41
infiltrative gliomas, 39
molecular pathology, 40—41
neoplastic astrocytic component, 39
neuroimaging
anaplastic lesions, 39
computer tomography (CT) scans, 39, 42
image sequences, 39
sporadic tumors, 39
synaptophysin, 40
Ollier’s disease, 25
Opsoclonus-myoclonus-ataxia syndrome
(OMA), 299
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P
Pacinian corpuscles pattern, 154, 157
Papillary craniopharyngioma, 263
Papillary ependymoma
differential diagnosis, 50
histopathology, 48, 55
Papillary glioneuronal tumor (PGNT)
clinical features, 199
differential diagnosis, 202
immunohistochemistry, 200-201
molecular pathology, 200
neuroimaging, 199, 201
Nissl substance, 199
pathology, 199-200
prognosis, 200
Papillary-alveolar gland-like structures, 295
Papillary meningioma, 112, 123
Paraganglioma
clinical features, 221
differential diagnosis, 222
electron microscopic examination, 221-222
fillum terminale, 221
immunohistochemistry, 221, 225
Ki-67 immunostaining, 226
molecular pathology, 222
morphology, 1
neoplastic cells, 225
neuroimaging, 221, 223-224
pathology
cauda equina, sausage shaped appearance, 221
histological features, 221, 224-226
prognosis, 222
Paraneoplastic cerebellar degeneration (PCD), 299
Paraneoplastic disorder, CNS
clinical features, 299
differential diagnosis, 300
electron microscopy examination, 300
immunohistochemistry, 300, 302
neuroimaging, 299
pathologic features, 299-301
prognosis, 300
Paraneoplastic encephalomyelitis (PEM), 299
Parinaud’s syndrome, 283, 291
Pediatric schwannoma, 145, 150, 151
Phagocytic histiocytes, 312
Pheochromocytomas, 237
Phospho-S6, 248, 251
Pilocytic astrocytoma (PA), 171, 172, 177, 229
clinical features, 5
differential diagnosis, 7
eosinophilic granular bodies (EGBs), 6, 7
immunohistochemistry, 7, 17
molecular pathology, 7
neuroimaging, 5-6, 9
pathology
gross pathology, 6
histopathology, 6, 12—15

intraoperative cytologic imprints / smears, 6, 11

prognosis, 7
rosenthal fibers, 67, 11
ultrastructural features, 6
Pilomyxoid astrocytoma (PMA)
clinical features, 5
differential diagnosis, 7
eosinophilic granular bodies (EGBs), 6, 7
immunohistochemistry, 7, 17
molecular pathology, 7

neuroimaging, 6, 10
pathology
gross pathology, 6
histopathology, 6, 16
intraoperative cytologic imprints / smears, 6, 11
prognosis, 7, 13
rosenthal fibers, 6-7, 11
ultrastructural features, 6-7, 16

Pineal parenchymal tumor of intermediate differentiation

(PPT-INT), 286

Pineal parenchymal tumors

differential diagnosis, 284
molecular pathology, 284
pineoblastoma (PB)
clinical features, 283
immunohistochemistry, 284
neuroimaging, 283, 285
pathology, 284, 286287
pineocytoma (PC)
clinical features, 283
immunohistochemistry, 284, 287
neuroimaging, 283, 285
pathology, 283, 285-286
PPT-INT
clinical features, 283
immunohistochemistry, 284
neuroimaging, 283
pathology, 283, 286
prognosis, 284

Pineoblastoma, 63, 68
Pineocytomatous rosettes, 286
Pituicytoma

clinical features, 255
histology, 256
immunohistochemistry, 256-257
neuroimaging, 255
pathology

frozen section, 256

gross, 255

intraoperative smears, 255-256
prognosis, 257

Pituitary adenoma. See Adenoma, pituitary
Platelet derived growth factor (PDGF), 238
Pleomorphic xanthoastrocytoma

clinical features, 19
differential diagnosis, 20
electron microscopy, 20
histology

eosinophilic granular bodies (EGBs), 19, 22

nuclear hyperchromasia, 19
immunohistochemistry, 19, 20
molecular pathology, 20
neuroimaging, 19
pathology

gross, 19

molecular, 19

Plexiform neurofibroma, 153154

neuroimaging, 229
pathology, 229, 232

Primary central nervous system lymphoma (PCNSL)

Primitive neuroectodermal tumors (PNETs) and medulloepithelioma

B and T cell lymphoblastic lymphomas, 306, 310
B cell lymphoma, 306, 309

immunosuppression, 305

perivascular distribution, 306, 309

clinical features, 63
differential diagnosis, 64—65



342

INDEX

Primitive neuroectodermal tumors (PNETS) (cont.)
ependymoblastic rosettes, 70
gross pathology, 63
histology
anaplastic features, neoplastic cells, 64
embryonal tumor, 63, 64, 70
neuroblastic and neuronal differentiation, 63
immunohistochemistry, 64, 72
molecular pathology, 64
morphological features, 63
neuroimaging, 63, 67
prognosis, 65
Protoplasmic-neoplastic astrocytes, 27
PTEN, tumor suppressor gene, 247, 248, 251

R

Reticulin-rich network, 137, 141

Retinal angioma, 237

Retinal hemangioblastomas, 237

Rhabdoid meningioma, 112-113, 123
Rhabdoid predisposition syndrome (RPS), 97
Rituximab therapy, 300

Rosai-Dorfman disease (RDD), 311, 312

S
Schwannoma, 154
clinical features, 145
differential diagnosis, 146
immunohistochemistry, 146, 152
molecular pathology, 146
neuroimaging, 145, 148
pathology
frozen section, 145, 149
intraoperative smears, 145, 148
microscopic features, 145-146
ultrastructural features, 151
Schwannomatosis, 145
Schwannomin, 233
Secretory meningioma, 112, 120
Small cell glioblastoma, 27, 36
Spinal hemangioblastomas, 237
Spindle cell oncocytoma
clinical features, 255
immunohistochemistry, 257
neuroimaging, 255
pathology, 256
prognosis, 257
Stellate reticulum, 265
Storiform pattern, 165, 168
Streaming pattern, 241, 245
Stromal cells, 137-138, 142

Subependymal giant cell astrocytoma (SEGA), 241-242, 244-245

Subependymal nodules, 241, 243
Subependymoma
clincial feature, 47
differential diagnosis, 50
histopathology, 49, 57
immunohistochemistry, 49, 59
neuroimaging, 48, 53
prognosis, 51
ultrastructural features, 49
Syncytiotrophoblasts, 295

T
Tanycytes, 5
Tanycytic ependymoma, 48, 55

Tanycytic ependymoma-thoracic/cervicothoracic cord, 47

Teratoma, 64, 65, 73

Transitional (mixed) meningioma, 112, 119

TSC1 and TSC2 genes, 241, 242

Tuberous sclerosis complex (TSC)
clinical features, 241
immunohistochemistry, 242, 246
microscopic sturcture, SEGA, 242
molecular pathology, 242
neuroimaging

cortical tubers and subependymal nodules, 241, 243

SEGA, 241, 244
pathology
cortical tubers, 241, 244
SEGA, 241-242, 245
subependymal nodules, 241
prognosis, 242
TSC1 and TSC2 genes, 241
Turcot’s syndrome, 25, 75, 77
Type 1 vHL syndrome, 237

\%
Vascular endothelial growth factor (VEGF), 238
Verocay body, 145
Vestibular schwannomas, 233, 235
Von Hippel-Lindau (VHL) syndrome, 137, 138
clinical features, 237
molecular pathology, 237-238
neuroimaging, 237-239
pathology, 237, 239
prognosis, 238

w
Wet keratin cluster, 263, 265

A
Zellballen pattern, 221, 225
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