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PREFACE

The guiding principle in this volume is the importance of knowing what patho-
logical processes are common for a given anatomical location and age of the
patient, upon a foundation of knowledge in the histology of normal and reactive
processes in the nervous system. Many mistakes in surgical neuropathology
may be avoided simply by maintaining an unswerving effort to determine the
clinical, laboratory, and, sometimes most importantly, radiological findings
in a given case. We also urge the use of standard and uniform terminology
rather than idiosyncratic or descriptive diagnoses, which incorporates the
World Health Organization 2007 classification for tumors along with contem-
porary terminology and classification schemes for nonneoplastic diseases.
Unambiguous and consistent terminology is the foundation of a useful inter-
action primarily with neurosurgeons, but also with other allied health providers
in neurooncology and radiation oncology. Our experience also dictates that
diagnostic precision is required to the same degree when interacting with basic
scientists who utilize tissue samples for brain tumor research.

The discipline of neuropathology is known for one of the highest discordance
rates between the diagnoses of general surgical pathologists and trained neuro-
pathologists. This book strives to underscore pitfalls in diagnostic surgical
neuropathology, often due to mimicry between entirely different neoplasms
or between reactive and neoplastic conditions. In the same sense, this book
may be useful for general radiologists because of the detailed correlation
we have sought to achieve between neuroimaging and many important neuro-
pathological diseases.

Neuropathology, more so than other surgical pathology subspecialties,
involves an extensive breadth of diagnostic entities with significant overlaps
into hematopathology and the pathology of soft tissue tumors and infectious
diseases. In the spirit of the Cambridge Illustrated Surgical Pathology series, this
can perhaps best be approached and appreciated by a richly illustrated atlas to
reinforce the vast array of pathological images the reader will encounter in the
study and practice of surgical neuropathology.

Hannes Vogel, M.D.
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1 NORMAL ANATOMY AND HISTOLOGY
OF THE CNS

Anatomy 1
Histology 4
ANATOMY

Knowledge of nervous system anatomy is essential for success in surgical neuro-
pathology. Familiarity with native cellular elements will often predict the appear-
ances of diverse tumors within the brain but, perhaps more importantly,
recognition of normal or reactive processes will help avoid the pitfall of diagnos-
ing malignancy when, in fact, a nonneoplastic reactive process or even normal
tissue is present. Many surgical neuropathology specimens originate in the brain
and spinal cord coverings, cranial and spinal nerve roots, blood vessels, and bone
and soft tissue surrounding the nervous system; thus recognition of the normal
brain is not enough. As with general surgical pathology, knowledge of diseases
common to these locations and the ages at which they typically occur is essential.

The human brain can be described in many ways. However, for the purpose
of surgical neuropathology, this description will emphasize different surgical
compartments and cytoarchitectural areas that are especially associated with
tumors or other pathological processes (Figure 1.1). The central nervous system
(CNS) is often divided into the supratentorial and infratentorial compartments by
the dural tentorium, which separates the cerebral hemispheres from the brainstem
and cerebellum. The spinal cord, roots, and distalmost cauda equina and filum
terminale (Figure 1.2) are often considered separately, especially in view of the
paraspinal soft tissue pathology, which can affect the integrity of the spinal cord.

Brain tissue is divided into gray and white matter. This distinction may be
useful in the differential diagnosis of neoplasms, but is more important in other
pathological processes such as infection or neurodegeneration. The surgical
neuropathologist is often interested in the relation of a tumor to the ventricles,
including the ventricular spaces themselves and their periventricular regions.
The base of the skull, including the pituitary gland-bearing sella turcica, is
another particular region defined by the propensities of certain tumors for this
region, both sellar and suprasellar.

The gross anatomy of the nervous system also reflects a level of complex and
interrelated structure and function enviable to say the least of visceral organs.
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Figure 1.1. Midsagittal
magnetic resonance imaging
of the brain with regions often
associated with particular
neuropathological processes.
Blue = supratentorial
hemispheres with lateral and
third ventricles.

Red = cerebellum.

Brainstem = midbrain

(light green) pons (tan) and
medulla (pink). Yellow = sella
turcica and optic pathways.
Dark green = spinal cord.
Brown = pineal gland region.

The nervous system possesses a wide array of sometimes overlapping but clin-

ically distinct functions, thus forming the basis of a vast array of clinical symp-
toms attributable to the regions affected, not to mention their pace of onset.
Thereby, seizures imply injury to gray matter; lesions involving given white
matter tracts cause neurological deficits reflecting the normal function of the
tract, including weakness, altered sensation, visual deficits, cranial neuropathies,
or other motor and sensory deficits.

Mass lesions first compromise local blood supply, then intrude into ventric-
ular spaces, sometimes causing obstruction of flow of cerebrospinal fluid at
various narrow passages such as the foramina of Munro, cerebral aqueduct, or
fourth ventricle, and finally compression of brain tissue via paths of least resist-
ance. Expanding lesions are ultimately confronted by the rigid resistance of the
dura and skull. These cerebral herniations cause clinical symptoms that herald the
serious effects of mass lesions from the supratentorial compartment as they press
the medial temporal lobes against the edge of the tentorium. A greater or diffuse
swelling of the supratentorial brain will cause the brainstem to herniate down-
ward, often resulting in hemorrhages within the pons, termed Duret hemorrhages
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Figure 1.2. The spinal cord,
roots, and distalmost cauda
equina and filum terminale
(arrow) are often considered
separately, especially in view
of the paraspinal soft tissue
pathology, which can affect
the integrity of the spinal
cord.

representing the rupture of penetrating blood vessels that are otherwise tethered
to the basilar artery. The most serious and life-threatening herniation involves
downward pressure of the contents of the posterior fossa leading to compression
of the medulla and vital respiratory control centers by the cerebellar tonsils.

Vascular pathology is inextricably related to virtually the entire spectrum of
neuropathology. While the brain may only account for 2 percent of body weight,
it accounts for 20 percent of oxygen consumption and thus normally receives 20
percent of cardiac output. The circle of Willis is an interconnected structure
supplying arterial blood to the brain through the merging of paired sources in
the carotid arteries and vertebral arteries at the base of the brain. The branching of
the brain’s arterial blood supply has been likened to that of an oak tree with right
angles whereas that of the venous drainage is like the tapering confluence of elm
branches. This is of more than botanical significance, since metastatic tumors,
infections, or other arterial microemboli have a propensity to become lodged at a
point of critical narrowing and angulation occurring at the grey—white junction
such that this is often the location of the smallest of such lesions.
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The brain is covered by successive layers. The most intimately associated is
the pia mater, which tightly adheres to the entire surface of the brain and invests
large penetrating blood vessels. Investing the pia mater is the arachnoid mem-
brane, which is so intimately associated as to be combined through the term pia-
arachnoid. The arachnoid membrane divests from the pia in the lower spinal
canal, resulting in an expanded subarachnoid space that is amenable to lumbar
puncture below lumbar vertebral body L2, which corresponds to the lower
extent of the cauda equina.

HISTOLOGY

Surgical neuropathology requires the knowledge of normal histology in the imma-
ture, adult, and aged brain and how the cellular constituents vary accordingly.

Neurons are the functional unit of the nervous system and display a number
of different and distinctive morphologies, which are of both functional and
anatomical significance. Neurons of all types generally contain a round nucleus
with a prominent nucleolus and a cell cytoplasm or perikaryon with Nissl
substance. Motor neurons tend to be large trapezoidal or triangular cells (Figure
1.3) while sensory neurons have a more globular shape (Figure 1.4). A third type
of neurons that are abundant in the cerebellum and dentate gyrus of the hippo-
campus are granular cell neurons (Figure 1.5). These are significantly smaller
than most cortical neurons and do not show obvious cell processes in routine
sections. The importance in recognizing normal neuronal morphology for the
surgical neuropathologist lies in distinguishing normal ganglionic or neuronal
cells from dysplastic or neoplastic ganglion cells, to recognize their appearance
in gray matter structures or spinal or cranial nerve ganglia that are infiltrated by
neoplasms, and to carefully distinguish normal granular cell neurons from
“small blue cell” neoplasms or lymphocytes.

Neurons may be identified immunohistochemically with either one ora com-
bination of three different antibodies. Synaptophysin is a useful marker of the
neuronal cell surface or cytoplasm (Figure 1.6a), although the immunostaining
results in infiltrative tumors or other processes can be difficult to interpret
because of background normal staining for synaptophysin. Neurofilament is
the characteristic intermediate filament of neurons. Antibodies to the nonphos-
phorylated neurofilament of the neuronal cell body (perikaryon) and to the
phosphorylated neurofilament of neuronal processes can be used to distinguish
these compartments accordingly. However, mixed neurofilament antibodies are
commonly used in current surgical neuropathology and label both the cell body
and its neurites (Figure 1.6b). A third marker of neuronal differentiation is anti-
neuN, which offers the advantage of nuclear staining (Figure 1.6¢). Not all
neurons stain positively for neuN, including Purkinje cells, most neurons of
the internal nuclear layer of the retina, and the sympathetic chain ganglia.

Neurons are the most quintessential cellular component of the CNS. How-
ever, astrocytes are the most plentiful cell type and exhibit the broadest range
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Figure 1.3. Large motor
neurons tend to be large
trapezoidal or triangular cells.
Note cytoplasmic Nissl
substance and eccentric
aggregation of golden brown
lipofuscin pigment. Corpora
amylacea (arrows) are within
slender glial cell processes not
discernable in H&E sections.

Figure 1.4. Sensory neurons
have a more globular shape.

of normal and reactive morphologies. Two predominant types of astrocytes
may be found in the brain: fibrous astrocytes in white matter and subpial and
perivascular gray matter, which are detectable by glial fibrillary acidic protein
(GFAP) immunohistochemistry, and protoplasmic astrocytes in gray matter,
which contain little detectable GFAP. Reactive astrocytes often show eosino-
philic cytoplasm and profusion of delicate cell processes detectable



NERVOUS SYSTEM

Figure 1.5. Granular cell
neurons of the cerebellum are
seen in the upper field.
Infiltrating neoplastic cells in
this medulloblastoma are seen
to be considerably larger,
although cytological
preparations and cryosections
of cerebellar tissue in which
granule cells predominate
may be mistaken for a “small
blue cell” tumor.

Figure 1.6.
Immunohistochemistry for
neuronal differentiation:
(a) synaptophysin; (b)
neurofilament; (c) neuN.

by hematoxylin — eosin defined (H&E) stain or especially by GFAP immuno-
histochemistry (Figure 1.7). This may be useful in distinguishing white matter
astrocytes from oligodendrocytes. A particular type of chronic gliosis is rec-
ognizable as dense subpial gliosis often seen in chronic epilepsy resection

specimens, known as Chaslin’s gliosis (Figure 1.8). Distinguishing reactive
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from neoplastic astrocytes may represent a significant challenge, and this
challenge is discussed under “Astrocytic Tumors.”

Corpora amylacea are age-related inclusions in astrocytes, which should not
be confused with other pathological inclusions or microorganisms such as
fungi. These are easily identified with a periodic acid — Schiff (PAS) stain and
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Figure 1.7.
Immunohistochemistry for
glial differentiation:

(a) reactive fibrillary
astrocytes; (b) GFAP
immunohistochemistry.
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usually signify chronic gliosis (Figure 1.9). Another feature of reactive, and
especially indolent and chronic gliosis are Rosenthal fibers. These are brightly
eosinophilic elongated or beaded structures, which are also intracellular inclu-
sions in astrocytes although they appear as solitary structures within the brain
background (Figure 1.10).
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Reactive astrocytes may undergo mitotic activity and one feature is the
multinucleated Creutzfeldt astrocyte with its characteristic “micronuclei.”
These may be a conspicuous feature of demyelinating disease (Chapter 6,
Figure 6.1). The gemistocytic astrocyte is one with abundant eosinophilic
cytoplasm causing nuclear displacement. This may be a striking feature of
reactive processes, such as that seen in the wall of a cerebral infarction or
abscess, and is sometimes difficult to distinguish from a neoplastic gemisto-
cytic astrocyte.

Perhaps one of the most striking examples of abnormal cellular morphol-
ogies among reactive astrocytes may be seen by the surgical neuropathologist in
examples of progressive multifocal leukoencephalopathy. These are markedly
enlarged cells with bizarre nuclei (Figure 1.11).

Another more subtle form of reactive astrocytosis is in the form of metabolic
astrocytes, the most typical of which are designated the Alzheimer Type 2 astro-
cytes (Figure 1.12). This is not usually a primary diagnostic issue in surgical
neuropathology; however, they should not be confused with other types of infil-
trating, particularly neoplastic cells such as there in oligodendroglioma in gray
matter.

Oligodendrocytes are especially plentiful in CNS white matter being the
myelinating cell of the CNS, which includes the optic nerves. Their inconspic-
uous round nuclei are scattered evenly or in vague rows throughout white
matter, a tendency that can become more pronounced in the atrophic process
that affects the aged brain (Figure 1.13). This may create an unsettling degree of
hypercellularity that may even be misdiagnosed as a diffuse glioma. Oligoden-
drocytes may also be noted in gray matter as innocuous cells loosely arranged
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Figure 1.9. (a) Corpora
amylacea may be
inconspicuous in
H&E-stained sections, but (b)
are easily identified with a
PAS stain.
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around neuronal cell bodies. Unfortunately, there are no immunostains that
reliably and specifically distinguish oligodendrocytes from astrocytes.
Ependymocytes are cuboidal or columnar ciliated cells that line ventricles
(Figure 1.14). Choroid plexus epithelium is a specialized form of ependymal cell.
The hypocellular and fibrillary zone immediately subjacent to the ependymal
lining is known as the subependymal plate. In this location, clusters of ependymal
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cells may be seen, particularly when overlying ependymal cells have been lost or
damaged. Ependymocytes are weakly GFAP positive as are choroid plexus epi-
thelia, which are intriguingly synaptophysin immunopositive.

Microglia, or rod cells, are bone marrow—derived tissue macrophages of the
brain, normally residing in an almost invisible perivascular location. They

Figure 1.10. Rosenthal fibers
are another feature of reactive
and especially indolent
gliosis.

Figure 1.11. Atypical
astrocytes seen in progressive
multifocal
leukoencephalopathy
(arrow). Note the infected
oligodendrocyte with nuclear
chromatin margination from
viral proliferation
(arrowhead).

11
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Figure 1.12. Metabolic
astrocytes (arrows)

should not be confused with
other types of infiltrating
neoplastic cells such as in
oligodendroglioma in gray
matter.

Figure 1.13. In atrophic or
aged white matter,
oligodendrocytes may
coalesce around blood
vessels or in rows, which
should not be misinterpreted
as perivascular or white
matter spread of a glioma.

become activated by almost any injury and are recognized by their elongated
shape, often with an indented or slightly crooked profile (Figure 1.15a,b), all of
which reflect their ameboid motility through the brain. Microglia may be a
prominent part of infiltrating glial neoplasms; thus their presence may not
equate with a purely reactive lesion. Both CD68 and CD163 (Figure 1.15c¢)

immunohistochemistry are useful in identifying microglia.

12
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T‘ m& ': , r J. - "y - " Figure 1.14. Ependymocytes.
18 P o 3 r

Figure 1.15. Microglia are
rod-shaped cells infiltrating
brain tissue in both neoplastic
and nonneoplastic
conditions. They are seen here
in (a) a presumably
physiological process within
the developing hippocampus
(arrows)

CNS vasculature is not significantly different from that of other tissues,
except for the lack of an external elastic lamina in intracerebral arterial blood
vessels. It is also important to recognize mimics of vascular malformations that
arise through tangential sections of large blood vessels.

13
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Figure 1.15. continued

(b) adjacent to an infarction,
and (c¢) immunolabeled with
anti-CD163.

14

The dura mater and pia-arachnoid (leptomeninges) are of great importance
to the integrity of the CNS and may be represented in surgical neuropathology
in many ways. Dura mater and associated spinal cord ligaments are often
encountered in some spinal cord surgeries, and the ligamentum flavum has a
distinctive appearance (Figure 1.16).
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Figure 1.16. The ligamentum
flavum bears a distinct
microscopic appearance and
is often recognizable in
surgical specimens from
paraspinal surgery.

Table 1.1. Common histological stains used in surgical neuropathology, cells or structures identified, and
examples of pathological conditions in which they are diagnostically useful

Congo red, Thioflavin S

Fontana—Masson melanin

Gallyas silver impregnation

Gomori methenamine silver

PAS

Perl’s iron stain

Reticulin

Amyloid

Melanin

Tau inclusions

Cryptococcus, coccidioides,
aspergillus, etc.

Corpora amylacea, fungi

Iron

Collagen

Cerebral amyloid angiopathy
Amyloid plaques
Leptomeningeal melanocytes
Melanotic neoplasms

Alzheimer disease neurofibrillary
tangles

Pick bodies and tau inclusions of
frontotemporal lobar degeneration

Fungal infections

Fungal infections
Basement membrane
Granular cell astrocytoma

Corpora amylacea (gliosis of hippocampal
sclerosis)

Mineralization

Hemosiderin

Pericellular deposition in:
Schwannomas

Pleomorphic xanthoastrocytoma
continued on next page
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Table 1.1. continued

Trichrome
Van Gieson
Von Kossa

Ziehl-Neelsen, Fite’s, and Kinyoun
stains

Collagen and fibrin
Vascular elastic lamina
Calcium

Acid fast bacilli; Mycobacteria,
Nocardia

Gliosarcoma

Desmoplastic infantile astrocytoma
and ganglioglioma

Loss in pituitary adenomas

Highlights leptomeningeal invasion
Constituents of vascular malformations
Arteriovenous malformations
Mineralization

Tuberculosis, leprosy, nocardiosis

Table 1.2. Common immunohistochemical preparations used in surgical neuropathology, cells or
structures identified, and examples of pathological conditions in which they are diagnostically useful

BAF47/SNF5

B-Amyloid

B-Amyloid precursor protein

CAM 5.2

CDe68, CD163

CDla
CD20
CD3

16

Regulator of chromatin structure

Amyloid

Axonal spheroids

Low molecular weight cytokeratin

Macrophages and microglial cells

Langerhans cells
B cells
T cells

Absent expression in:
Atypical teratoid/rhabdoid tumor
Malignant rhabdoid tumor
Mosaic pattern in familial schwannomatosis

Proximal epithelioid sarcoma

Rhabdoid cells in rhabdoid glioblastoma
(GBM)

Cerebral amyloid angiopathy
Amyloid plaques

Diffuse axonal injury
Hypoxic—ischemic encephalopathy
Wall of infarct

Endothelial neoplasms

Fibrous bodies, sparsely granulated
growth hormone pituitary adenomas

Infarction

Demyelinating processes
Necrotic neoplasms

White matter tract degeneration
Langerhans cell histiocytosis
B-cell lymphoma

Reactive lymphocytes

T-cell lymphoma
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Table 1.2. continued

CD31
CD34

CD45

CD56

Chromogranin

CK7

CK20

Vascular endothelium

Vascular endothelium

All differentiated hematopoietic cells except
erythrocytes and plasma cells

Also known as leukocyte common
antigen (LCA)

NK cells, activated T cells, the brain and
cerebellum, and neuroendocrine tissues.
also called neural cell adhesion molecule
(NCAM)

Secretory granules in endocrine and
neuroendocrine cells

54-kDa type II keratin

46-kDa low-molecular-weight keratin

Endothelial neoplasms

Endothelial neoplasms

Neurofibroma

Epithelioid sarcoma

Superior to CD31 for Kaposi sarcoma

Lymphomas

B-cell chronic lymphocytic leukemia

Hairy cell leukemia
Acute nonlymphocytic leukemia

Myeloma

Myeloid leukemia
Neuroendocrine tumors

Wilms’ tumor

Adult neuroblastoma

NK/T-cell lymphomas
Pancreatic acinar cell carcinoma
Pheochromocytoma

Small cell lung carcinoma

Ewing’s sarcoma/primitive
neuroectodermal tumor (PNET) is
CD56 negative

Endocrine and neuroendocrine neoplasms

Pituitary adenoma
Paraganglioma
Non-GI carcinomas

Most common CK7+ brain metastases are
lung, breast, ovary, endometrium, bladder,
or neuroendocrine system.

Most GI carcinomas

Mucinous ovarian carcinoma

Biliary carcinoma

Transitional carcinoma

continued on next page
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Table 1.2. continued

Cytomegalovirus (CMV)
Cytokeratin (CK) mix

Desmin

Epithelial membrane
antigen (EMA)

GFAP

HMB45

HSV

k and A light chains

MIB-1

NeulN

18

Cytomegalovirus
“Simple” keratins

Intermediate filament of skeletal, smooth,
and cardiac muscle

Normal and neoplastic epithelia; notochord;
perineurial cells; arachnoidal cells; plasma
cells

Astrocytes; ependymal cells; not mature
oligodendrocytes. GFAP-like protein
expressed by nonmyelinating

Schwann cells

Melanoma extract antigen

Herpes simplex virus

Immunoglobulin components

Ki-67 nuclear antigen associated with cell
proliferation during all active phases of
the cell cycle (G1, S, G2, and mitosis);
absent from resting cells (GO)

Neuronal nucleus; not in Purkinje

cells, neurons of the internal nuclear
layer of the retina, and sympathetic chain
ganglia

Merkel cell carcinomas
CMV infection
Nonspecific marker of most carcinomas

Myogenic differentiation in neoplasms

Rhabdomyoma/sarcoma; leiomyoma/
sarcoma

Carcinoma

Meningioma
Synovial sarcoma
Epithelioid sarcoma
Perineurioma
Chordoma

Some plasmacytomas

Dotlike cytoplasmic positivity in
ependymomas and angiocentric glioma

Reactive fibrillary astrocytes

Astrocytoma, except gliosarcoma
Ependymoma

Gliofibrillary oligodendrocytes and
oligodendroglial minigemistocytes

Some schwannomas

Melanocytic tumors, especially to
distinguish metastatic melanoma from
other S-100+ brain tumors.

Herpes encephalitis

Clonal vs. mixed plasma cell
proliferations

Proliferation index

Neuronal and glioneuronal tumors
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Table 1.2. continued

Neurofilament protein

p53

S-100

Smooth muscle actin

SV40

Synaptophysin

Thyroid transcription
factor-1 (TTF-1)

Toxoplasmosis

Neuronal characteristic intermediate
filament; nonphosphorylated in
perikaryon, phosphorylated in neurites

Transcription factor and TP53 tumor
suppressor gene product

Cells derived from the neural crest
(Schwann cells, melanocytes, and glial
cells), chondrocytes, adipocytes,
myoepithelial cells, macrophages,
Langerhans cells, dendritic cells, and
keratinocytes

Myogenous differentiation, including
myofibroblastic and myoepithelial tissues

Simian virus 40, a polyomavirus

Synaptic vesicle protein

Protein that regulates transcription of genes
specific for the thyroid, lung, and
diencephalon

Toxoplasma gondii

SUGGESTED READING

Neuronal and glioneuronal tumors

Abnormal nuclear staining an indirect
marker of mutant TP53 gene or wild-type
TP53 inactivation from hypoxia or DNA
damage

Immunopositive in some WHO Grade
II-1V astrocytomas but not pilocytic
astrocytoma

Atypical pituitary adenoma and pituitary
carcinoma.

Peripheral and cranial nerve sheath tumors

Most neuroepithelial tumors
Chordoma

Metastatic tumors, including melanoma
Langerhans cell histiocytosis

Myogenic differentiation in neoplasms

Surrogate for immunolabeling of JC
virus-infected cells in progressive
multifocal leukoencephalopathy (PML)

Neuronal, pineal, embryonal, and choroid
plexus tumors

Pilomyxoid astrocytoma
Pituitary adenoma
Paraganglioma

Metastatic lung or thyroid carcinoma

Ependymoma of the 3rd ventricle

Toxoplasma infection

Blumenfeld H. Neuroanatomy through Clinical Cases. Sunderland, Mass.: Sinauer, 2002.
Fuller GN, Burger PC. Central nervous system. In: Mills SE, editor. Histology for Path-
ologists. Philadelphia: Lippincott Williams & Wilkins, 2007.
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2 INTRAOPERATIVE CONSULTATION

Methodology 21

Intraoperative consultation has always represented a significant challenge for
both the general surgical pathologist and the neuropathologist alike. Most of the
neurosurgeon’s goals are quite similar to those of other surgeons, namely to
confirm the presence of an adequate sample for diagnosis and to allow the
pathologist to choose between various alternatives in processing the tissue
according to the suspected diagnosis. Key aspects of the patient’s neurological
history should be known at the time of intraoperative consultation, including
the timing of onset of symptoms, any focal features such as seizures, motor or
sensory deficits, constitutional symptoms, and sometimes a history of exposures
and travel.

The available radiographic studies must be examined prior to intraopera-
tive consultation as well as previous surgical material in recurrent or metasta-
tic lesions. As always, direct and unambiguous communication with the
surgeon is of paramount importance. This includes conveying the need for
cultures whenever an infectious process is suspected through intraoperative
consultation.

There are also some important differences underlying the call for intra-
operative consultation in neurosurgical specimens as compared with those
directed at general surgical pathology. Neurosurgeons are almost never inter-
ested in determining the presence of a neoplasm at the resection margin, since
complete surgical resection is not a viable option in the resection of most
primary brain tumors. This is notwithstanding the fact that the extent of sur-
gical resection is of primary importance in the prognoses of some primary brain
tumors: ependymomas, some WHO Grade I tumors such as pilocytic astrocy-
toma, ganglioglioma or dysembryoplastic neuroepithelial tumor, meningiomas,
and some metastatic lesions.

With increasing use of stereotactic biopsies, samples may be especially
small and this poses a significant challenge in deciding how to divide the
tissue for cryostat and smear section preparations versus retaining as much as
possible for histologically superior permanent sections prepared from unfrozen
tissue.
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METHODOLOGY

The complete assessment of a neurosurgical specimen consists of a gross exami-
nation, cryosectioning, cytological smear and touch preparations. The gross exami-
nation of the small specimen should never be underestimated in determining
the portion most likely to be abnormal when stereotactic sampling is done in a
difficult or sometimes precarious situation, yielding very small samples.
Gliomas will sometimes have a more obviously mucoid and looser consistency
or hemorrhagic appearance.

Practices vary according to institutions and individuals in the use of
cryosections and cytological preparations. It is recommended that experience be
acquired in both techniques by applying them simultaneously when tissue is rel-
atively abundant so that not only are both techniques mastered but the correspond-
ing cytoarchitectural features best displayed in a cryosection are compared with the
superior cytological detail of smear or touch preparations. The following guidelines
are recommended for success in neuropathological intraoperative consultations.

1. When very small specimens are received, it may be advantageous to
consider doing either a cryosection or cytological preparation,
although some neuropathologists perform both as a matter of rou-
tine. In biopsies of infiltrating glioma, this calls upon considerable
experience in recognizing smear preparations of essentially normal
brain versus brain with infrequent infiltrating neoplastic glial cells.
This difficulty is compounded by the presence of reactive astrocytes
and microglia in infiltrating gliomas.

2. Either request that specimens be submitted on a slightly moistened
surface or, when they are received in excessive amounts of saline,
make every effort to remove excessive saline before cryosectioning, or
else an unacceptably significant degree of freeze artifact will result.
Drying the artifact must also be avoided.

3. Avoid the use of forceps, especially those with small grooves, in
handling specimens. Small stereotactic biopsies have a tendency to
adhere to the surfaces and increasingly desperate efforts to detach the
specimen from the forceps may render it nondiagnostic. The edge or
point of a sterile blade will often suffice.

4. The proper preparation of the cytological smear preparation is of
great importance. Do not use a fragment larger than 1 mm for this
purpose. The fragment must be smeared in a manner to ideally
achieve a monolayer of cells that yet retains some architectural
association with blood vessels or features such as papillary growth
or whorls. The smearing of gliomas or cellular tumors such as some
lymphomas, embryonal tumors, or metastases may create a smooth
or even silky sensation in smearing the tissue. Some tumors, which
are densely calcified or which contain numerous psammoma bodies,
may actually impart a gritty sensation upon smearing.

21
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5. Other tumors are much less appropriate for cytological smears,
namely those with a prominent fibrous or stromal element such
as many meningiomas, schwannomas, and some parameningeal
tumors. These yield clumps of distorted and crushed tissue. Never-
theless, some of these examples may lend themselves to touch
preparations, especially meningiomas, whereby cytological whorls
are preferentially detached. Cytological touch preparations are also
diagnostic of pituitary adenomas when brisk exfoliation of cells is
observed, to the extent that cryosections are superfluous in typical
cases. Remember to use gloves for this procedure!

22
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10.

Be prepared for the need for electron microscopy by having fresh
glutaraldehyde available. The utility of electron microscopy has
been somewhat supplanted by immunohistochemistry, which how-
ever should be considered for unusual primary or metastatic
tumors, particularly in the pediatric age range, viral encephalitis,
and in some pituitary adenomas, particularly the sparsely granu-
lated somatotrophic adenoma.

Any unusual primary brain tumor or soft tissue neoplasm, espe-
cially in children, should be considered for cytogenetic analysis
whereby certain characteristic deletions or translocations may be
of pivotal diagnostic importance. Therefore, culture media should
be available for these eventualities.

Central nervous system lymphomas should be recognized through
intraoperative diagnosis since bulky surgical resection is specifically
avoided in most cases due to the morbidity or mortality from the
resection of an hemorrhagic and necrotic infiltrative tumor in a
deep location. Lymphomas usually but not always appear as dysco-
hesive sheets of cells without a fibrillar background. Given ample
tissue, recognition of lymphomas also presents the opportunity for
the pathologist to submit tissue for fluorescence-activated cell sort-
ing analysis.

Demyelinating diseases carry both radiographic and histologic fea-
tures that may closely mimic glial neoplasia. Whenever any of the
following observations are made either singly or together, the path-
ologist should be highly vigilant in suggesting the possibility
of demyelinating disease: a ring-enhancing lesion with incomplete
C-shaped enhancement, in a periventricular or especially multiple
distribution; macrophages; the histologic presence of conspicuous
reactive or Creutzfeldt astrocytes; and perivascular lymphocytic
cuffing.

It is sometimes critically important to distinguish ependymomas
from other infiltrating astrocytomas or oligodendrogliomas. Since
ependymomas may display a more pushing rather than infiltrative
border, they are sometimes truly resectable. This has added impor-
tance since it is a major determinant of survival in patients with
ependymoma. This is in contrast to infiltrating gliomas in which a
surgical resection is essentially incomplete, whereby the attempted
resection of any astrocytic neoplasm except the most well-
circumscribed WHO Grade I tumors may cause undue surgical

injury.
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3 BRAIN TUMORS

Brain Tumors — An Overview with Jason Karamchandani
and Hannes Vogel
Brain Tumor Locations with Respect to Age
Grading Brain Tumors
NEUROEPITHELIAL
AsTrOCYTIC TUMORS
WHO Grade I
Pilocytic Astrocytoma
Subependymal Giant Cell Astrocytoma
Brainstem Glioma
WHO Grade II
Fibrillary Astrocytoma
Gemistocytic Astrocytoma
Protoplasmic Astrocytoma
Pilomyxoid Astrocytoma
Pleomorphic Xanthoastrocytoma
WHO Grade III
Anaplastic Astrocytoma
WHO Grade IV
Glioblastoma
Gliosarcoma
Gliomatosis Cerebri
OLIGODENDROGLIAL AND MIXED OLIGOASTROCYTIC
TuMmoORs
Oligodendroglioma
Anaplastic Oligodendroglioma
Oligoastrocytoma
Anaplastic Oligoastrocytoma
Molecular Testing in Oligodendroglial Tumors
NEURONAL AND MIXED NEURONAL—GLIAL TUMORS
WHO Grade I
Desmoplastic Infantile Astrocytoma and Ganglioglioma

30
33
34
37
37
40
40
46
47
49
49
52
55
56
58
59
59
64
64
70
73

78
78
83
86
88
90
92
93
93
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Dysembryoplastic Neuroepithelial Tumor
Ganglioglioma and Gangliocytoma
Dysplastic Gangliocytoma of the Cerebellum
(Lhermitte — Duclos Disease)
Paraganglioma
Papillary Glioneuronal Tumor
Rosette-Forming Glioneuronal Tumor of the
Fourth Ventricle
WHO Grade II
Central Neurocytoma and Extraventricular Neurocytoma
Cerebellar Liponeurocytoma
OTHER NEUROEPITHELIAL TUMORS
Astroblastoma
WHO Grade I
Angiocentric Glioma
WHO Grade II
Chordoid Glioma of the Third Ventricle
EPENDYMAL TUMORS
WHO Grade 1
Subependymoma
Myxopapillary Ependymoma
WHO Grade II
Ependymoma
Cellular Ependymoma
Papillary Ependymoma
Clear Cell Ependymoma
Tanycytic Ependymoma
Giant Cell Ependymoma
WHO Grade III
Anaplastic Ependymoma
CuoRroID PLEXxUS TUMORS
WHO Grade I
Choroid Plexus Papilloma
WHO Grade II
Atypical Choroid Plexus Papilloma
WHO Grade III
Choroid Plexus Carcinoma
PINEAL PARENCHYMAL TUMORS
WHO Grade I
Pineocytoma
WHO Grade 1II or III
Pineal Parenchymal Tumor of Intermediate
Differentiation

93
97

101
105
106

110
111
111
114
116
116
116
116
117
117
122
122
122
124
127
127
133
133
133
134
137
139
139
142
143
143
146
146
149
149
150
150
150
154

154

continued on next page
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Papillary Tumor of the Pineal Region
WHO Grade IV
Pineoblastoma
EMBRYONAL TUMORS
Medulloblastoma
Desmoplastic/Nodular Medulloblastoma
Medulloblastoma with Extensive Nodularity
Anaplastic Medulloblastoma
Large Cell Medulloblastoma
CNS Primitive Neuroectodermal Tumor
Medulloepithelioma
Ependymoblastoma
Atypical Teratoid/Rhabdoid Tumor (AT/RT)
TUMORS OF CRANTAL AND PARASPINAL NERVES
Schwannoma
Cellular Schwannoma
Plexiform Schwannoma
Melanotic Schwannoma
Neurofibroma
Plexiform Neurofibroma
Perineurioma
Malignant Peripheral Nerve Sheath Tumor
Traumatic Neuroma
TUMORS OF THE MENINGES
MENINGIOMAS
WHO Grade 1
Meningothelial
Fibrous (Fibroblastic)
Transitional (Mixed)
Psammomatous
Angiomatous
Microcystic
Secretory
Lymphoplasmacyte-Rich
Metaplastic
WHO Grade 11
Chordoid
Clear Cell
Atypical
WHO Grade III
Papillary
Rhabdoid
Anaplastic
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155
158
158
160
160
162
164
164
165
167
169
171
174
180
180
186
186
186
188
191
192
195
199
201
201
204
204
205
207
208
209
209
209
211
211
211
211
213
215
217
217
218
220
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LYMPHOMAS AND HEMATOPOIETIC NEOPLASMS

Malignant Lymphomas
B-Cell Lymphomas
T-Cell Lymphoma
Anaplastic Large Cell Lymphoma
Hodgkin Disease
Rosai-Dorfman Disease
CNS Involvement by Leukemia
GERM CELL TUMORS
Germinoma
Embryonal Carcinoma
Yolk Sac Tumor (Endodermal Sinus Tumor)
Choriocarcinoma
Teratoma
Mature
Immature
Teratoma with Malignant Transformation
Mixed Germ Cell Tumor
NONNEOPLASTIC MASSES AND CYSTS
Amyloidoma (Primary Solitary Amyloidosis)
Nasal Glial Heterotopia (Nasal “Glioma”)
Hypothalamic Hamartoma
Cysts
Arachnoid and Meningeal Cysts
Colloid Cyst of the Third Ventricle
Dermoid and Epidermoid Cysts
Neurenteric (Enterogenous) Cysts
Neuroepithelial Cysts
Ependymal Cyst
Pineal Cyst

PATHOLOGY OF THE SELLAR REGION with Mohanpal Dulai

and Hannes Vogel

Pituitary Adenomas
Growth Hormone—Producing Adenoma
Prolactin-Producing Adenoma

Mixed Growth Hormone and Prolactin-Producing

Adenomas
ACTH-Producing Adenoma
Gonadotropin-Producing Adenoma
Thyrotropin-Producing Adenoma
Plurihormonal Adenoma
Null Cell Adenoma

222
222
223
230
233
234
235
237
239
240
243
243
247
247
247
248
248
248
249
249
250
252
253
253
255
255
259
259
259
259

262
262
268
272

276
278
280
281
283
284

continued on next page
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Atypical Pituitary Adenoma
Pituitary Carcinoma
Pituitary Apoplexy
Gangliocytoma
Spindle-Cell Oncocytoma of the Adenohypophysis
Pituicytoma
Granular Cell Tumor of the Neurohypophysis
Craniopharyngioma
Adamantinomatous Craniopharyngioma
Papillary Craniopharyngioma
Rathke’s Cleft Cyst
Lymphocytic Hypophysitis
Giant Cell Granulomatous Hypophysitis
Xanthogranuloma of the Sellar Region
Miscellaneous Lesions
METASTATIC NEOPLASMS OF THE CENTRAL NERVOUS
SYSTEM with Gregory Moes and Hannes Vogel
SKULL AND PARASPINAL NEOPLASMS,
NONNEOPLASTIC MASSES, AND
MALFORMATIONS
Malignant Neoplasms
Chordoma
Olfactory Neuroblastoma (Esthesioneuroblastoma)
Endolymphatic Sac Tumor
Benign Masses
Fibrous Dysplasia
Aneurysmal Bone Cyst
Calcifying Pseudoneoplasm of the Neuraxis
Crystal Arthropathy
Hematoma
Herniated Nucleus Pulposus
Ligamentum Flavum Cysts
Spinal Dural Arteriovenous Fistula
Synovial Cyst
Malformations
Meningocele and Myelomeningocele
Tethered Spinal Cord
Encephalocele
CNS-RELATED SOFT TISSUE TUMORS with Josef Zdmecnik
and Hannes Vogel
Adipose Tumors
Intracranial and Spinal Lipomas
Angiolipoma

284
284
286
286
287
289
291
293
293
297
299
300
302
303
303
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318
319
319
320
324
325
325
326
330
330
331
332
332
333
333
333
333
335
335

337
337
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Liposarcoma
Hibernoma
Epidural Lipomatosis
Fibrous Tumors
Fibromatosis
Cranial Fasciitis
Solitary Fibrous Tumor
Inflammatory Myofibroblastic Tumor
Fibrosarcoma
Fibrohistiocytic Tumors
Malignant Fibrous Histiocytoma
Myogenic Tumors
Leiomyoma
Leiomyosarcoma
Rhabdomyosarcoma
Cartilaginous Tumors
Chondroma
Chondrosarcoma
Mesenchymal Chondrosarcoma
Osseous Tumors
Osteoma and Osteoid Osteoma
Osteosarcoma
Vascular Tumors
Hemangioma

Intravascular Papillary Endothelial Hyperplasia

(Masson’s Tumor)
Epithelioid Hemangioendothelioma
Angiosarcoma
Hemangioblastoma
Kaposi Sarcoma
Other Neoplasms

Ewing Sarcoma — Peripheral Primitive Neuroectodermal

Tumor
Synovial Sarcoma
Melanocytic Tumors

Diffuse Melanocytosis and Melanomatosis

Melanocytoma
Malignant Melanoma

339
339
340
341
341
341
344
344
346
348
348
349
349
350
350
354
354
355
356
357
357
359
361
361

363
364
364
366
372
372

372
373
374
374
374
376
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BRAIN TUMORS - AN OVERVIEW

Jason Karamchandani and Hannes Vogel

Brain tumors are only the tenth most common tumor in adults, accounting
for only 1.3% of cancers, but are the seventh leading cause of cancer deaths
among adults in developed countries (www.cbtrus.org/reports//2007-2008/
2007 supplement.pdf).

Among adults between the ages of 15 and 34 years, high-grade glial neo-
plasms are the third leading cause of cancer deaths. Brain tumor deaths due to
cancer exceed deaths caused by melanoma, nearly equaling those of ovarian
cancer (www.cancer.org/downloads/STT/caff2007PWSecured.pdf).

There has been an increase in incidence of primary brain tumors in the
elderly, although increasingly sophisticated techniques in neuroimaging may
have contributed to the increase in diagnoses (Legler et al., 1999).

Brain tumors are the most common solid tumor in children and the second
most frequent cause of cancer death in childhood.

The following graphs depict the age-related incidence of brain tumors.
They illustrate the relative rarity of pediatric brain tumors as compared
with those occurring in increasing incidence with age. The diagnostician
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Table 3.1. Supratentorial and Dural Tumors

Pediatric

Parenchymal
Pilocytic astrocytoma

Pleomorphic
xanthoastrocytomas

Ganglioglioma
Ependymoma
Astroblastoma
Angiocentric glioma
DNT

Desmoplastic infantile
ganglioglioma/astrocytoma (DIG/A)

Central nervous system primitive neuroepithelial
tumor (CNS PNET)

Atypical teratoid/rhabdoid tumor (AT/RT)
Dural

Desmoplastic infantile
ganglioglioma/astrocytoma (DIG/A)

Intraventricular/paraventricular
Ependymoma

Subependymal giant cell astrocytoma (SEGA)

Adult

Glioblastoma

Astrocytomas, WHO Grades II

and III

Oligodendroglioma

Metastases

Meningioma
Solitary fibrous tumor/
hemangiopericytoma

Lymphoma

Central neurocytoma
Subependymoma
Chordoid glioma (3rd)
Colloid cyst (3rd)
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Table 3.2. Cerebellar region tumors

Pediatric Adult

Parenchymal
Medulloblastoma Capillary hemangioblastoma
Pilocytic astrocytoma Metastases
AT/RT Liponeurocytoma

Cerebellopontine angle
Choroid plexus papilloma Schwannoma
Meningioma
Epidermoid cyst
Choroid plexus papilloma

should be familiar with tumors that occur most commonly at any given age,
as well as the tumors most likely to arise in different locations in the nervous
system and its coverings. Please note that these data depict primary brain
tumors. Overall, metastatic brain tumors are the most commonly occurring
brain tumors in adults, being a distinct rarity in childhood, with an annual
incidence four times greater than that of primary brain tumors. The cancers
that most commonly metastasize to the brain are lung and breast carcinomas.

BRAIN TUMOR LOCATIONS WITH
RESPECT TO AGE

The accurate radiological and pathological diagnosis of brain tumors requires a
working knowledge of the fact that certain brain tumors are linked with specific
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Table 3.3. Sellar and suprasellar tumors

Pediatric Adult
Sellar/infundibular
Craniopharyngioma Pituitary adenoma
Langerhans cell histiocytosis Meningioma
Metastases
Suprasellar
Pilocytic astrocytoma/optic glioma Papillary craniopharyngioma

Germ cell tumors

Craniopharyngioma

locations in the nervous system as well as a particular age range. There are
exceptions to this tendency; however, the combined knowledge of the location,
radiological features in the context of the age of the patient, and the associated
clinical symptoms will often serve to considerably narrow the range of diagnos-
tic possibilities and render others highly unlikely.

GRADING BRAIN TUMORS

Brain tumors are graded, not staged. The grading system is imperfect in the
sense that tumors within the WHO Grade IV category may have a drastically dif-
ferent prognosis, such as between the relatively high five-year survival in medul-
loblastoma within modern therapy versus the significant short-term mortality
with glioblastoma, both WHO Grade IV tumors, and both with variations in
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Table 3.4. Pineal tumors

Pediatric Adult
Germ cell tumors Pineocytoma
Pineoblastoma Pineal parenchymal tumor of

intermediate differentiation

Table 3.5. Brainstem and fourth ventricular tumors

Pediatric Adult

Brainstem

Brainstem glioma

Dorsally exophytic pilocytic
astrocytoma

Ganglioglioma
Fourth ventricular

Ependymoma Subependymoma
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Table 3.6. Spinal cord and cauda equina tumors

Pediatric Adult
Pilocytic astrocytoma Meningioma
Ependymoma Schwannoma

Cauda equina

Myxopapillary ependymoma Myxopapillary ependymoma
Schwannoma

Paraganglioma
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molecular biology and outcomes that cannot be codified within any four-tiered
grading system.

Because brain tumors are comparatively infrequent as compared with the
most common causes of cancer in adults, and because of the lower incidence in
general among the pediatric population, it is especially important that brain
tumors be included in emerging and cooperative treatment protocols involving
novel and increasingly targeted treatment strategies. Many of these studies
require a precise and uniform system of nomenclature, and there is nearly uni-
versal acceptance of the WHO classification system, which forms the basis for the
descriptions in this text. Also, just as with an increasing number of neoplasms of
all types, molecular testing is playing an increasingly important role in the assign-
ment of a diagnosis, therapy, and prognosis in certain brain tumors.

A selection of current and authoritative references regarding brain tumors is
listed.

SUGGESTED READING

Burger PC. Tumors of the Central Nervous System. Washington: Amer Registry of
Pathology, 2007.

Burger PC, Scheithauer BW, Vogel FS. Surgical Pathology of the Nervous System and its
Coverings. New York: Churchill Livingstone, 2002.

Ellison D, Love S. Neuropathology: A Reference Text of CNS Pathology. Edinburgh, New
York: Mosby, 2004.

Greenfield JG, Love S, Louis DN, Ellison D. Greenfield’s Neuropathology. London:
Hodder Arnold, 2008.

Ironside JW. Diagnostic Pathology of Nervous System Tumours. Edinburgh: Churchill
Livingstone, 2001.

Legler JM, Ries LA, Smith MA, Warren JL, Heineman EF, Kaplan RS, et al. Cancer
surveillance series [corrected]: brain and other central nervous system cancers:
recent trends in incidence and mortality. ] Natl Cancer Inst 1999; 91: 1382-90.

Louis DN, International Agency for Research on Cancer. WHO Classification of
Tumours of the Central Nervous System. Lyon: International Agency for Research
on Cancer, 2007.

Astrocytoma is the general term applied to a diversity of glial tumors spanning
WHO Grades I-IV showing cellular features of astrocytes. The subtypes are
classified according to their similarity to certain nonneoplastic astrocytes, most
commonly fibrillary, occasionally gemistocytic, and rarely protoplasmic. It is
essential to recognize the similarities and differences, particularly in nuclear size
and morphology between nonneoplastic cells and their neoplastic counterparts.

As with almost all gliomas, a fibrillary background is highly characteristic of
astrocytomas, particularly conspicuous in cytological smear preparations as well as
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in histological sections. When a fibrillary background is absent, an alternative diag-
nosis should be seriously considered, particularly of lymphoma or metastatic tumor.
The accurate grading of astrocytomas, as in all glial neoplasia, is of para-
mount importance in assigning the appropriate therapy and prognosis. Grading
based strictly upon histological features has been somewhat augmented by
molecular and genetic markers (Louis and International Agency for Research
on Cancer, 2007). WHO Grade I astrocytomas comprise a very special group
within gliomas since they are associated with a distinctly better prognosis over
WHO Grade II-1V astrocytomas, and the pilocytic astrocytoma exemplifies this
group best. Higher grades are assigned based upon the additive criteria of

e nuclear atypia (WHO Grade II)
e conspicuous mitotic activity (WHO Grade III), and
e vascular proliferation and/or necrosis (WHO Grade 1V).

Astrocytic nuclear atypia is difficult to define and requires experience and
a keen awareness of the clinical circumstances for which the tissue is being
examined. Nuclear atypia may be difficult to recognize when compared with
reactive astrocytosis. Astrocytic nuclear atypia is characterized by a compara-
tively larger nuclear size and nuclear—cytoplasmic ratio, angular nuclear profile
as opposed to a smoother or uniformly round or ovoid contour of benign or
reactive astrocytes, and nuclear hyperchromasia.

One of the most essential features of both astrocytomas and oligodendro-
gliomas is their tendency to spread throughout surrounding brain tissue. Other
intraaxial tumors, even metastatic tumors, may show the same tendency, but
their tendency is to have a “pushing” border that is comparatively sharply
demarcated from surrounding, albeit reactive brain tissue (see ‘“Metastatic
Tumors”). The pervasive ability for spread by astrocytomas and other neo-
plasms through gray matter may be seen as the means to overcome a dense
barricade of intercellular associations in the form of synaptic and glial-dendritic
associations. Infiltrating astrocytomas may be apparent at high-power magnifi-
cation as single cells within otherwise remarkably intact gray or white matter,
sometimes aided by the use of immunohistochemistry for proliferation markers.

Microscopic examples of infiltrating tumor cells are known as secondary
structures of Scherer (Figure 3.1) (Peiffer and Kleihues, 1999): perineuronal
malignant satellitosis, to be distinguished from reactive satellitosis and micro-
glial neuronophagia by the recognition of atypical nuclear morphology of the
infiltrating neoplastic astrocytes; as well as perivascular, subependymal, and
subpial spread, reflecting the inability for the infiltrating tumor to breach the
glia limitans and enter the subarachnoid space. Subarachnoid mounds of tumor
are sometimes grossly recognizable to the neurosurgeon on the surface of the
brain in open biopsy, thereby indicating the presence of a subjacent tumor.

Microglia have also been shown to potentiate the spread of gliomas. Thus it
is not surprising that the overall volume of the most infiltrative of astrocytic tu-
mors, the glioblastoma, may range between 10% and 34% (Badie and Schartner,
2000; Roggendorf et al., 1996).
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The 2007 WHO Classification of Brain Tumours (Louis and Interna-
tional Agency for Research on Cancer, 2007) includes nine types of astrocy-
toma of WHO Grades I through IV. The principal challenge that arises in
assigning a diagnosis to an astrocytoma is the determination of grade

and separation from reactive gliosis, mixed gliomas, oligoastrocytoma, and

Figure 3.1. (a) Microscopic
findings indicative of
infiltrating tumor cells are
known as secondary
structures of Scherer,

atypical astrocytic nuclei
surrounding cortical neurons
and microvasculature.

(b) Subpial mounds of tumor
develop after the neoplastic
astrocytes have infiltrated the
entire thickness of the cortex
to the surface of the brain.
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glioneuronal tumors in particular. The assignment of a single unifying grade
may be difficult when there may be a range of cellularity and other diagnostic
features within the same large resection specimen, or conversely, the lack of a
clear grade when the biopsy is very small, thus not necessarily representative
of the tumor as a whole. Thus, a single mitotic figure in a small biopsy
may warrant the assignment of WHO Grade III anaplastic astrocytoma
whereas the infrequent mitotic figure in an astrocytoma whose cellularity
and lack of contrast enhancement may be more in keeping with WHO
Grade II.

The WHO 2007 classification maintained a strict avoidance of the term
“low grade” since a WHO Grade II diffuse astrocytoma has an entirely different
prognosis from a WHO Grade I astrocytoma, epitomized by the pilocytic
astrocytoma, which is often cured by surgery and amenable to surgical reresec-
tion of recurrent tumor.

WHO GRADE I
Pilocytic Astrocytoma

The pilocytic astrocytoma is one of the most enigmatic of gliomas and one that
can be misdiagnosed if radiological data as well as the myriad histological
appearances are not appreciated. Though once called juvenile pilocytic astro-
cytoma, complete awareness of this entity indicates that it is at times neither
juvenile nor uniformly pilocytic, referring to the hairlike slender or “unipolar”
cells often seen in the tumor.

Clinical and Radiological Features

Pilocytic astrocytomas are most common in childhood with a peak inci-
dence in the first two decades of life and are more common in males. They may
also occur well into later adulthood. They are the principal central nervous
system (CNS) neoplasm associated with NF1 (Louis and International Agency
for Research on Cancer, 2007).

The pilocytic astrocytoma may occur in all corners of the CNS; however, is it
most common in the posterior fossa and optic—hypothalamic region. In the
posterior fossa, it is frequently found as a large cerebellar cystic lesion, but solid
types may arise as dorsally exophytic lesions of the brainstem. Spinal cord
pilocytic astrocytomas may lack microcystic changes (Burger, 2007) and may
be especially difficult to distinguish from either reactive gliosis in the setting of
an adjacent ependymoma or hemangioblastoma, or a WHO Grade 1I fibrillary
astrocytoma.

Pilocytic astrocytomas are often cystic by radiological imaging and show
bright contrast enhancement (Figure 3.2a), to the extent that the pathologist
should exercise considerable hesitation before diagnosing pilocytic astrocytoma
in the absence of this feature. Contrast enhancement is a finding usually
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Figure 3.2. (a) Pilocytic
astrocytomas are often cystic
by radiological imaging and
essentially always show bright
contrast enhancement. Varied
microscopic appearances of
pilocytic astrocytomas. (b)
Classic low-magnification
biphasic pattern with
microcysts.

b

associated with increasing grade in gliomas; thus it may seem paradoxical that
the most “benign” of astrocytomas shows this feature. This is most likely due to
the rich vasculature seen in the pilocytic astrocytoma as well as WHO Grade I
examples of the closely related ganglioglioma.
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Figure 3.2. continued
(c) Multinucleate celsls.
(d) Clear cell differentiation.

Pathology

The pilocytic astrocytoma displays a tan-pink color with a distinctly mucoid
texture, often recognizable even in the smallest specimens. Pilocytic astrocytomas
should, of course, be familiar to the diagnostician in their classical microscopic
patterns, but failure to be aware of its many and varied histological patterns can
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Figure 3.2. continued
(e) Prominent vasculature.
(f) Rosenthal fibers.

lead to misdiagnosis of a higher grade glioma. The most classic appearance of the
pilocytic astrocytoma is of a microcystic tumor with a rich fibrillary background
that shows a biphasic pattern, alternating between dense eosinophilic vasocentric
regions and looser intervening areas (Figure 3.2b,c).
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Figure 3.2. continued

(g) Eosinophilic Granular
Body (EGB) (left field).

(h) Both Rosenthal fibers in
denser areas and EGB in
looser area.
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Either of the patterns may dominate the microscopic representation of the
specimen; thus the dense or compact differentiation when unaccompanied by
looser areas is especially prone to misdiagnosis as a diffuse fibrillary astrocytoma.
At the cytological level, the classic cell is an elongated profile (“piloid” or hair-
like) with a benign ovoid nucleus. Multinucleated cells may be prominent (Figure
3.2¢). Clear cell differentiation may be extensive, sometimes indistinguishable
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Figure 3.2. continued
(1,j) Subarachnoid spread
(arrows).

from that of oligodendrogliomas (Figure 3.2d). Considering the distinct rarity
of oligodendrogliomas in the anatomic sites in which pilocytic astrocytomas
most commonly occur, a clear cell tumor in the posterior fossa or optic—
hypothalamic area is in fact more likely to be a pilocytic astrocytoma.
Vascular proliferation, although not identical to the glomeruloid type seen in
high-grade gliomas, is characteristic and may be one of the most useful features,
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along with contrast enhancement, in distinguishing the pilocytic astrocytoma
from a WHO Grade II diffuse astrocytoma (Figure 3.2e). Mitotic activity is very
unusual, and when division figures are identified, they are often in vascular
endothelial cells.

Rosenthal fibers are eosinophilic elongated or beaded structures are also
quite useful in securing the diagnosis of pilocytic astrocytoma (Figure 3.2f);
however, caution should be exercised since they are a frequent finding in smol-
dering chronic gliosis and especially in the reactive milieu within brain tissue
surrounding other tumors, notably the craniopharyngioma or capillary
hemangioblastoma.

Eosinophilic granular bodies (EGBs) are composed of a number of substances
also found in Rosenthal fibers and are thus conceptually related to Rosenthal
fibers (Figure 3.2g,h), although the former are more frequent in loose areas, while
Rosenthal fibers are found in denser compact areas. Both share immunoreactivity
for glial fibrillary acidic protein (GFAP), ubiquitin and oB crystallin (Murayama
et al., 1992). While true eosinophilic granular bodies are an invaluable diagnostic
aid in recognizing pilocytic astrocytomas (and gangliogliomas and pleomorphic
xanthoastrocytomas), mimicry does occur, most often as granular cells in oligo-
dendrogliomas or as imposters in glioblastomas (Sasaki et al., 2001).

Local subarachnoid spread is quite common in pilocytic astrocytomas and
carries no value in predicting remote cerebrospinal fluid spread (Figure 3.2i,j).
Nonetheless, the most sinister event in an otherwise typical case of pilocytic
astrocytoma is remote subarachnoid spread, especially to the cauda equina.

The pilocytic astrocytoma is the quintessential WHO Grade I glioma;
however, “malignant” forms apparently exist, marked by numerous mitotic
figures, robust vascular proliferation, and even pseudopalisading necrosis. Not-
withstanding these disconcerting features, such lesions should be designated
“anaplastic” or WHO Grade III.

Pilocytic astrocytomas are GFAP positive, but this immunostain should
be considered superfluous in the light of the distinctive histological features
of a pilocytic astrocytoma. Staining for p53 has also been proposed as a means
of distinguishing the typically p53-negative pilocytic astrocytoma from often
p53-immunopositive WHO Grade II diffuse astrocytoma (Ishii et al., 1998).

Subependymal Giant Cell Astrocytoma

Clinical and Radiological Features

Subependymal giant cell astrocytomas (SEGA) have even been reported in
neonates but occur more commonly into childhood and early adulthood. They
are often associated with tuberous sclerosis; however, isolated examples exist
without this association (Sinson et al., 1994), which may also represent a form
fruste of the disease (Boesel et al., 1979). These lesions grow steadily but are
usually amenable to surgical debulking.

They most commonly present as a mass originating near the foramen
of Munro with protrusion into the corresponding lateral ventricle. Smaller
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Figure 3.3. The essential
feature of SEGAs is the
presence of large cells with
hybrid features between
gemistocytic astrocytes, with
eccentric eosinophilic
cytoplasm, and neurons, with
large round nuclei bearing
prominent nucleoli.
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coexistent subependymal nodules may also be detected. They show contrast
enhancement and are often calcified by computed tomography (CT) scanning.

Pathology

SEGA is composed of large cells, sometimes in sheets or loose clusters,
bearing hybrid features between astrocytes and neurons, with their large round
nuclei and prominent nucleoli, and voluminous eosinophilic cytoplasm causing
nuclear displacement (Figure 3.3). This finding can lead to a confusing simi-
larity with gemistocytic astrocytes. Because of the hybrid astrocytic and neuro-
nal nature of these cells, an alternative term for this lesion is subependymal giant
cell tumor (Nakamura and Becker, 1983).

Calcification is not unusual. Vasculature is sometimes quite prominent and
significant hemorrhage can herald a sudden increase in size and symptoms of
ventricular obstruction (Kim et al., 2001). Mitotic activity and necrosis are dis-
tinctly rare, which, however, should not be interpreted as malignant features
(Shepherd et al., 1991). The existence of malignant transformation is debatable;
however, the extremely rare instance of craniospinal dissemination of a SEGA
with an increased proliferative index has been reported (Telfeian et al., 2004).

BRAINSTEM GLIOMA

The brainstem, particularly in the pediatric age group, may be involved by astro-
cytomas in one of two dramatically different ways. Both types of tumors may cause
subtle and indolent clinical signs, such as cranial nerve VI palsy, or the consequences
of obstructive hydrocephalus from narrowing of the fourth ventricle (Figure 3.4).
Pilocytic astrocytomas may originate in the brainstem, often from the
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Figure 3.4. Brainstem glioma
(diffuse fibrillary). (a) A
sagittal T1 contrast-enhanced
MR image of the brain shows
infiltrative enlargement of the
pons. The fourth ventricle is
compressed, and there is no
abnormal enhancement.

(b) An axial T2 image shows
diffuse abnormal signal
throughout the enlarged
pons. The basilar artery is
partially encircled. Brainstem
gliomas typically minimally
enhance or do not enhance
and will often partially
encircle the basilar artery. If
there is enhancement at the
time of diagnosis, it is
thought to portend a poorer
prognosis.
Rhomboencephalitis and
demyelinating disease, which
can have a similar
appearance, should be
carefully excluded clinically as
brainstem gliomas are usually
treated presumptively
without biopsy.
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pontomedullary junction, as a dorsally exophytic tumor with the neuroimaging and
histological features typical of ordinary pilocytic astrocytoma, although limited
sampling may complicate the recognition of this tumor. In contrast, fibrillary
astrocytomas ranging may arise within the pons and cause diffuse expansion.
Pathological studies are few, owing to the rarity of biopsy, but all grades of fibrillary
astrocytoma from WHO Grade II through IV may be present although the majority
are probably WHO Grade II (Burger, 1996; Selvapandian et al., 1999).

Survival in cases of dorsally exophytic brainstem gliomas is comparable to
that of pilocytic astrocytomas in other locations, depending upon the degree of
surgical respectability. Patients with brainstem gliomas of the centrally expansile
type rarely survive past two years.

WHO GRADE II

Clinical and Radiological Features
WHO Grade II diffuse astrocytomas occur predominantly in early adult-
hood but may occur at any age and location in the CNS (Figure 3.5a,b).

Pathology

WHO Grade II diffuse astrocytomas are wholly distinct from WHO Grade I
gliomas, and thus the precaution that the term “low grade” be avoided in refer-
ence to either lesion to avoid confusion between the two. WHO Grade II diffuse
astrocytomas are comprised of three types: fibrillary, gemistocytic, and protoplas-
mic. These may be at times difficult to distinguish from reactive gliosis associated
with a host of nonneoplastic causes ranging from subacute conditions such as the
wall of either an abscess or infarction to various chronic gliotic conditions.
Mitotic activity or even a certain degree of cytological atypia and pleomorphism
may not be reliable in distinguishing these astrocytomas.

All WHO Grade 1II astrocytomas display a degree of nuclear atypia that
includes hyperchromasia, angular or irregular nuclear shapes, and an abnormal
increase in nuclear—cytoplasmic ratio although this may be highly subjective.
Microglial activation may also be very much a part of the microscopic appear-
ance of any astrocytoma. The background in astrocytomas is not as likely to
include neuropil except at the infiltrating border, as compared with reactive
gliosis. Vascular proliferation is not a feature of WHO Grade II astrocytomas.
Mitotic figures are rare, and if found in a small biopsy, should in and of itself
shift the grade from II to anaplastic WHO Grade III.

Fibrillary Astrocytoma

This is the most frequent histologic type of astrocytoma overall, characterized
by a delicate fibrillar background formed by an array of fibrillary neoplastic
astrocytes, sometimes of a cellularity not much greater than that seen in reactive
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Figure 3.5. (a) T1 MRI with
contrast enhancement of a
temporal lobe WHO Grade II
diffuse astrocytoma example
is predominantly hypointense
with minimal focal contrast
enhancement. Greater
contrast enhancement should
suggest a higher grade in at
least a portion of the tumor.
(b) Greater T2 signal in the
same lesion.
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astrocytic proliferations (Figure 3.5c—i). Careful observation of nuclear features
will allow these entities to be distinguished in most cases. Microcysts are com-
mon and focal gemistocytic differentiation may be seen. Mitotic figures are
distinctly rare; however, large resections may show occasional examples. A
MIB-1 labeling index is usually less than 5% (Jaros et al., 1992).
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Fibrillary astrocytomas are uniformly GFAP positive although nuclei without
prominent cytoplasm may appear immunonegative. As in all astrocytomas, care
should be exercised in recognizing typically and strongly GFAP positive reactive
astrocytes. It has been stated that neoplastic astrocytes possess thick or stubby
processes as compared with the slender and elongated processes of reactive astro-
cytes, and GFAP immunohistochemistry may be useful in making this distinction.

Figure 3.5. continued

(c) Regions with infiltrating
WHO Grade IT astrocytomas
can represent a significant
diagnostic challenge,
especially in frozen sections,
at which time the
diagnostician is urged to
avoid speculation in the face
of no obvious neoplasm.

(d) MIB-1 staining for
proliferating cells in the same
region may highlight
infiltrating cells, (e) seen at
higher magnification, with
enlarged atypical nuclei
staining positively.

(f) Cytological squash
preparation of diffuse
astrocytoma, with fibrillar
background and atypical
nuclear features. (g) Low
magnification view of WHO
Grade II diffuse astrocytoma,
showing disorganized array of
mildly pleomorphic
astrocytic cells in a fibrillar
background. (h) Higher
magnification shows delicate
vasculature and absence of
noticeable mitotic activity (i)
and a tendency for
microcystic change.
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Figure 3.5. continued.
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Gemistocytic Astrocytoma

The gemistocytic astrocytoma recapitulates the appearance of reactive gemistocytic
astrocytes, with a large homogeneous eosinophilic cytoplasmic mass and nuclear
displacement. This type of astrocytoma has traditionally carried a stigma of aggres-
sive growth and evolution into glioblastoma (Schiffer et al., 1988). Neoplastic
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Figure 3.5. continued.
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gemistocytes show the nuclear atypia typical of astrocytomas, that is, nuclear
enlargement, hyperchromasia, and nuclear membrane irregularity (Figure 3.6).
Mitotic activity is not necessarily a reliable criterion in distinguishing reactive from
neoplastic astrocytic proliferation, unless the mitotic figure is distinctly atypical.
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Figure 3.5. continued.

Figure 3.6. Gemistocytic
astrocytoma. (a) Cytological
preparation shows pervasive
fibrillar background common
to most gliomas.
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The gemistocytic astrocytoma is similar to another subtype of astrocytoma,
the granular cell astrocytoma, in which conspicuous eosinophilic cytoplasm may
show a fine granularity and is sometimes accompanied by perivascular lympho-
cytic infiltration. The granular cell astrocytoma also carries a poor prognosis
(Brat et al., 2002).
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Protoplasmic Astrocytoma

This extremely rare form of diffuse astrocytoma is reportedly more common in
the frontotemporal region (Prayson and Estes, 1995). They are composed of
inconspicuous neoplastic astrocytes with small cell bodies and weakly GFAP-

Figure 3.6. continued

(b) Histological section
showing moderate nuclear
pleomorphism and
displacement by prominent
eosinophilic cytoplasm.

(c) Reactive gemistocytic
astrocytosis shows more
diminutive nuclei and
elongate slender cytoplasmic
processes.
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Figure 3.7. Pilomyxoid
astrocytoma, WHO Grade II.
(a) Radiographic image of the
characteristic appearance,
although indistinguishable
from pilocytic astrocytoma,

a cystic and brightly

contrast enhancing
optic-hypothalamic region
tumor in a child, mid-sagittal
T1 MRI with contrast.
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immunopositive cell processes. Microcystic change and mucoid degeneration

are characteristic features.

Pilomyxoid Astrocytoma

Clinical and Radiological Features

The pilomyxoid astrocytoma was first reported to characteristically occur in the
optic-hypothalamic region but have now been recognized in the posterior fossa and
spinal cord (Brat et al., 2007a; Tihan et al., 1999). It appears that the pilomyxoid
astrocytoma is a variant of pilocytic astrocytoma and not a wholly distinct entity,
although it appears to portend a worse prognosis. Magnetic resonance imaging
(MRI) imaging shows homogeneous contrast enhancement (Figure 3.7a).

Pathology

Pilomyxoid astrocytomas are solid, gelatinous masses, which may focally
infiltrate regional tissues. The microscopic appearance is dominated by monot-
onous bipolar spindle cells in a myxoid matrix without the typical biphasic
architecture of the related pilocytic astrocytoma (Figure 3.7b—e). The tumor
cells are characteristically arranged perpendicularly around the large vessels.
Rosenthal fibers and eosinophilic granular bodies are characteristically absent.
Prominent capillary microvasculature is present, analogous to that seen in
pilocytic astrocytomas. Necrosis is rare.
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The tumor cells are characteristically GFAP and S-100 protein positive. Some
tumors are positive for synaptophysin. Proliferation measurement such as by the
MIB-1 labeling index shows a wide range of reactivity, between 2% and 20%, such
that in the lower range between 2% and 4%, this finding could not be used in
order to reliably distinguish pilocytic astrocytoma from pilomyxoid astrocytoma.

Figure 3.7. continued

(b) Low-magnification
appearance, with spindle cells
in a myxoid background, and
(c) absence of eosinophilic
granular bodies or Rosenthal
fibers. Note the prominent
microvasculature, identical to
that seen in pilocytic
astrocytomas.
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Figure 3.7. continued

(d) GFAP
immunohistochemistry will
highlight perivascular cell
processes. Pilomyxoid
astrocytomas may also

be synaptophysin
immunopositive.

(e) Proliferative index may
be distinctly higher than that
of pilocytic astrocytomas.
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Pleomorphic Xanthoastrocytoma

Clinical and Radiological Features

Pleomorphic xanthoastrocytoma (PXA) is most commonly found as a
rather superficial hemispheric, often cystic cortical mass in the temporal or
parietal lobes and occurs most often in young adults.
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Radiological features include those of a relatively well-demarcated and
rather superficial mass, sometimes with a cyst accompanying the tumor mass,
and less peritumoral edema than is typical of higher grade gliomas (Figure 3.8a).
They are brightly contrast enhancing. Overlying skull bone may show thinning
as with other slow-growing cortical tumors.

Pathology

The pleomorphic xanthoastrocytoma contains fascicles of astrocytic cells
with enlarged pleomorphic nuclei (Figure 3.8b—e). A fibrillary background
may not be uniformly present, and cell borders are usually quite distinct. Occa-
sional xanthomatous cells may be present but are not required for the diagnosis.
A reticulin stain shows characteristic pericellular reticulin deposition, although
this is also not a uniform feature of the pleomorphic xanthoastrocytoma. The
ultrastructual correlate of this feature is basal lamina around cell membranes,
believed to reflect a histogenetic relationship with subpial astrocytes. Mitotic
activity and necrosis is rare, and if these are prominent features, a diagnosis of
glioblastoma should be considered. Rare examples of anaplastic WHO Grade III
pleomorphic xanthoastrocytomas have also been reported.

WHO GRADE III
Anaplastic Astrocytoma

Clinical and Radiological Features
The clinical features are similar to those of space occupying WHO Grade II
diffuse astrocytomas although without a prior history, the onset of symptoms

Figure 3.8. Pleomorphic
xanthoastrocytoma (PXA),
WHO Grade II. (a) Typical
radiographic appearance,
with bright contrast
enhancement of a cystic
superficial temporoparietal
mass, sometimes discovered
in the evaluation of chronic

epilepsy.
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Figure 3.8. continued
(b) Marked cytological

pleomorphism with a focal
abundance of EGBs. (¢)
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may be more rapid as compared with patients presenting with a WHO Grade II

diffuse astrocytoma. They may occur in any location; they, however; are more

common in the cerebral hemispheres. MRI imaging shows a range between non

focal and focal contrast enhancement.
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Pathology

The anaplastic astrocytoma displays the features of various WHO grade
I astrocytomas with added mitotic activity and a general increase in
cellularity and cytological atypia (Figure 3.9a,b). Sometimes it is difficult

Figure 3.8. continued

(d) Desmoplastic region of
PXA, (e) with pericellular
reticulin highlighted by
reticulin stain.
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Figure 3.9. Anaplastic
astrocytoma, WHO Grade III.
(a) The two essential features
are nuclear atypia and mitotic
activity without vascular
proliferation or necrosis.

(b) Large resections stained
for proliferating cells may
reveal the considerable
variation in MIB-1 labeling,
which exposes the
vulnerability of assigning a
grade with very small
samples.
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to clearly assign a WHO grade of II or III, and both histological
patterns may coexist. Unless WHO grade III features represent a small
portion of the sample, a WHO grade of III should be assigned to the lesion
since it will most likely determine the most aggressive potential of the
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tumor. Vascular proliferation and necrosis are not present, since their pres-
ence would indicate a glioblastoma. A variant with neuropil islands has also
been described (Figure 3.9c—e). When small stereotactic biopsies indicate
features of an anaplastic astrocytoma, it is sometimes impossible to diagnose

Figure 3.9. continued

(c¢) The glioneuronal tumor
with neuropil-like islands is a
variant of WHO Grade II or
IIT astrocytomas, in which
sharply demarcated islands of
finely fibrillar neuropil are
surrounded by
monomorphous small glial
cells. Immunohistochemistry
for (d) synaptophysin and
(e) GFAP will show
complimentary staining
patterns.
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glioblastoma even though the radiological features are highly suggestive.
Microvascular thrombosis has been observed to connote a significantly worse
prognosis, drawing the anaplastic astrocytoma one step closer to the diag-
nostic features of glioblastoma with similar prognostic implications (Tehrani
et al., 2008).

WHO GRADE IV
Glioblastoma

Clinical and Radiological Features

Glioblastoma (GBM) is the most common primary glial tumor in adults.
It occurs in a bimodal fashion, first affecting the middle-aged adult, typically
as a secondary glioblastoma arising in a lower grade astrocytoma, or in older
adults as a de novo primary glioblastoma, accounting for the vast majority.
Childhood, and even congenital, examples have been reported (Brat et al,,
2007b).

The clinical prodrome is on the order of many months in the secondary
form, to a more precipitous onset, occurring over days to weeks in the primary
form. Symptoms are referable to the region of the CNS that is primarily affected,
but are those of a rapidly expanding mass.

Glioblastomas may arise in any region of the CNS, but most commonly in
the supratentorial space. By the time they are diagnosed, they have undergone
significant microscopic spread, on the order of several centimeters from the
radiographically evident lesion (Figure 3.10). This is typically a cystic mass with
contrast rim enhancement. The most deceptive form of apparently discrete mass
effect is seen in the giant cell glioblastoma, and, upon resection, may lead the
neurosurgeon to proclaim a gross total resection. Extension along white matter
tracts is characteristic, and when the corpus callosum is so involved, the mass
can assume a butterfly shape because of the winglike spread across the corpus
callosum to involve both hemispheres.

Pathology

Glioblastomas typically show macroscopic areas of necrosis and hemor-
rhage. There are numerous microscopic patterns seen in glioblastoma, but
the two most essential features are vascular proliferation and necrosis (Fig-
ure 3.11). The vascular proliferation has been variously defined as “glomeru-
loid” or “vascular endothelial proliferation” since simple prominence of
endothelial cells does not constitute this diagnostic feature. Vascular prolifer-
ation includes all cellular elements of blood vessels: endothelium, pericytes,
and fibroblasts. Classic examples contain at least two layers of endothelial
cells.

A microscopic hallmark of necrosis in glioblastoma is pseudopalisading
necrosis. This phenomenon begins as a small focus of hypoxic tumor
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necrosis attributable to microvascular thrombosis. Surviving tumor cells then
migrate away from the growing necrotic focus while at the same time elaborat-
ing vasogenic factors (Rong et al., 2006). This leads to two highly characteristic
features in the microscopy of glioblastoma: a pseudopalisading of tumor cells

Figure 3.10. Glioblastoma.
(a) An axial T1 contrast-
enhanced MR image shows a
ring-enhancing mass in the
right posterior frontal lobe.
Centrally within the mass is
poor enhancement, probably
corresponding to an area of
necrosis. (b) An axial FLAIR
MR image shows extensive
abnormal signal around the
areas of enhancement,
consistent with vasogenic
edema and diffuse tumor
infiltration. Glioblastomas,
which are highly infiltrative,
extend well beyond their areas
of enhancement. Biopsies are
often targeted at the areas of
enhancement. The ring of
enhancement is typically
thicker and shaggier than that
of other ring enhancing
cerebral lesions, such as
abscesses, hematomas, or
demyelinating disease. There
is a direct correlation between
astrocytoma grade,
enhancement, and necrosis.
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Figure 3.10. continued

(c) A cerebral blood volume
(CBV) MR map alone and a
map, (d) superimposed on
top of an axial T2-weighted
MR image shows that the
nonnecrotic portions of the
glioblastoma have high CBV.
CBV imaging has been
developed over the last decade
and is believed to correlate
with vascular proliferation or
vascular density. There is a
direct correlation between
CBV and astrocytoma grade.
CBV may predict tumor
progression independent of
tumor grade, and it has been
suggested that CBV be used to
guide biopsy.
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often forming a serpiginous band, and closely adjacent tufts of vascular
proliferation.

An interesting variety of microscopic patterns may be seen in glioblastoma.
In its quintessential form originally designated multiforme, tumor cells show
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considerable pleomorphism. In its most extreme form, the giant cell glioblas-
toma contains enormous cells with bizarre and wildly pleomorphic nuclei
(Figure 3.11g,h) that are immunopositive for nuclear p53. However, a highly
monomorphous type composed of closely packed regular and small, nonethe-
less atypical astrocytic tumor cells, is called small cell glioblastoma

Figure 3.11. Glioblastoma,
WHO Grade IV. (a) Squash
cytological preparation may
have a multiplicity of
appearances, but prominent
blood vessels a dense
cellularity in a fibrillar
background may be seen in
glioblastoma when relatively
pure tumor is sampled.

(b) Cryosections and

(c) permanent sections may
show cleavage of the
stereotactice needle biopsy
track to include half of a
somewhat linear portion of
pseudopalisading necrosis,
seen at the upper portions of
each example, which may be a
useful way of detecting
necrosis at frozen section that
is not centrally located in the
specimen. (d) Essential
features of glioblastoma are
vascular proliferation and
necrosis with
pseudopalisading seen in this
example.
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Figure 3.11. continued.

(Figure 3.11i,j). Rarely, glioblastomas may have a prominent myxoid or
mucoid background with columnar, epithelioid, or adenomatoid growth
patterns (Figure 3.11k,1l) (Miyata et al., 2005). Rhabdoid (Figure 3.11m)
(Wyatt-Ashmead et al., 2001) and lipidized forms (Queiroz et al., 2005) have
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Figure 3.11. continued

(e) Vascular proliferation
alone will suffice to establish
the diagnosis of glioblastoma
as in this example of a region
without necrosis, or (f) in
superficial brain cortex
showing the potent vasogenic
properties of invasive
glioblastoma in the overlying
subarachnoid space.

also been reported. When a prominent oligodendroglial component is recog-
nizable in an otherwise astrocytic neoplasm satisfying the criteria for diagnosis
of glioblastoma, the term glioblastoma with oligodendroglial features (GBM-O)
may be appropriate (Figure 3.11n).
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Figure 3.11. continued
(g,h) Some glioblastomas
may be composed
predominantly of extremely
pleomorphic cells with
bizarre nuclear features and
when seen in a deceptively
well-circumscribed tumor,
both by neuroimaging and
surgical resection, may
represent a giant cell
glioblastoma.
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Gliosarcoma

Clinical and Radiological Features
The age distribution of gliosarcoma is similar to that of glioblastoma. They
account for 2-8% of all glioblastomas. They are usually located in the cerebral
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hemispheres, sometimes superficially and are deceptively well circumscribed
(Figure 3.12).

Pathology
Glioblastomas may show mesenchymal differentiation, most often akin to
fibrosarcoma, but may include regions of osteosarcoma or liposarcoma.

Figure 3.11. continued

(i) In contrast, the small cell
glioblastoma is a cellular
tumor with monotonous
nuclei, usually conspicuous
mitotic activity, and (j) high
proliferative index. Other
forms of differentiation in
glioblastoma include (k)
adenomatoid, and

(I) mucoid, (m) variously
termed epithelioid or
rhabdoid. (n) Some
glioblastomas may contain
an easily recognizable
oligodendroglial component
(GBM-0).
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Figure 3.11. continued.
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Gliosarcoma is characteristically GFAP immunonegative and reticulin rich,
often in sharp contrast to the more straightforward glioblastoma portion of
the tumor. This has great importance when either limited sampling or extensive
sarcomatous differentiation yields no diagnostic GFAP immunostaining. S-100
expression would be expected to be retained. However, consideration of a
metastatic sarcoma under these conditions should also be given.
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= Figure 3.11. continued.

Gliomatosis Cerebri

Clinical and Radiological Features
Gliomatosis cerebri is an unusual and aggressive glial neoplasm, which may
occur at any age but is most common in the age range of 40-50 years. Historically,
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Figure 3.12. Gliosarcoma,
WHO Grade 1V. (a) The
presence of a spindle cell
component in any
glioblastoma should suggest
the possibility of gliosarcoma,
which can be confirmed by
the complimentary presence
of (b) reticulin deposition in
(c) GFAP immunonegative
regions. Note that most
gliosarcomas have closely
intermixed sarcomatous and
ordinary glioblastoma
elements, but limited
sampling of a purely
sarcomatous GFAP
immunonegative region may
not suggest the underlying
presence of a primary glial
neoplasm.
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the diagnosis was rarely made in life and produced confusing signs and symptoms,
which did not obviously suggest a neoplastic process, such as gradual mental status
changes, dementia, lethargy, seizures, headache, or pyramidal symptoms and var-
ious other motor and sensory deficits. They are defined as an infiltrative neoplastic
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glioma, usually astrocytic, with minimal mass effect but infiltrative involvement of
at least three cerebral lobes, usually with bilateral involvement. The process may
extend into the brainstem, cerebellum, or spinal cord by the time of diagnosis. MRI
imaging studies show conspicuous fluid-attenuated inversion recovery FLAIR
sequences with variable contrast enhancement.

Figure 3.12. continued.

Figure 3.13. Gliomatosis
cerebri. (a) Low
magnification image shows
features of a diffusely
infiltrating neoplasm, with
characteristic subpial and
white matter tract spread and
(b) neuronal satellitosis and
perivascular spread seen at
higher magnification.
Infiltrating cells may be quite
bland, or possess
oligodendroglial features.
Lymphomatosis cerebri has
also been reported that closely
mimics gliomatosis cerebri.
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Figure 3.13. continued.

Pathology
Gross inspection of autopsy specimens shows diffuse enlargement of white
matter with remarkably little destruction or alteration of anatomy. Microscopic

examination indicates a hypercellular process with mildly atypical astrocytic
cells, sometimes showing elongated profiles according to their infiltrative
behavior (Figure 3.13a,b). Cases have also emerged termed lymphomatosis
cerebri in which the infiltrating cells closely resemble glial cells but which are
in fact lymphocytic as revealed by antilymphocyte immunohistochemistry
(Kanai et al., 2008). Oligodendroglial features have also been described in the
infiltrating cells. Mitotic figures are infrequent. In classical gliomatosis cerebri,
microvascular proliferation and necrosis are absent but may appear in the late
stages of the disease. Microglial activation is not a normal feature and its present
should raise consideration of a reactive astrocytic process.

Immunohistochemical measurement of proliferative index shows a wide
range, between 1 percent and 30 percent. The study may prove especially useful
when large and atypical nuclei are seen to be those labeled as proliferative,
especially in small biopsies.
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Oligodendroglioma

Clinical and Radiological Features

Oligodendrogliomas account for 10%-25% of diffuse gliomas and arise most
commonly in the cerebral hemispheres, particularly the frontal lobes. They may
rarely occur in the brainstem, spinal cord, or cerebellum. They occur most
frequently occur in adulthood with a peak incidence at 40-45 years, and are
distinctly rare in childhood (Kreiger et al., 2005). They produce neural deficits
such as headache and seizures according to their location, chiefly due to increased
intracranial pressure. The pace of the onset of symptoms may predict the grade of
tumor, with a more protracted history typical of WHO Grade II tumors.

WHO Grade 1II lesions are typically nonenhancing with increased T2-
weighted signal and FLAIR sequences (Figure 3.14a,b). As anaplasia occurs,
contrast enhancement may be seen. Approximately 40% of oligodendrogliomas
may show calcification.

Pathology
Oligodendrogliomas show one of the most characteristic microscopic
appearances of all neoplasias, roughly recapitulating the appearance of
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nonneoplastic oligodendrocytes (Figure 3.14c—m). Nuclear morphology is a

key microscopic feature of all oligodendrogliomas and may be most helpful
in distinguishing these from astrocytic tumors. Nuclei are round with sharply
defined membranes and inconspicuous chromatin. Formalin fixation yields
perinuclear clear halos, yielding the characteristic “fried egg” appearance.
Importantly, this is not a feature of cryostat sections and thus would not be a
useful diagnostic artifact at the time of frozen section for intraoperative
diagnosis.

Another conspicuous feature is the delicate hexagonal array of capillaries,
also described as a “chickenwire” pattern. Microcalcifications are also a fre-
quent finding, particularly adjacent to small blood vessels. Mucinous or
microcystic areas are occasionally seen but should not be confused with micro-
cystic change in diffuse astrocytomas, or more particularly, low-grade
brain tumors with oligodendroglial-like areas and mucinous change such as
that seen in the dysembryoplastic neuroepithelial tumor (DNT) or pilocytic
astrocytoma.

Figure 3.14. (a) WHO Grade
IT oligodendrogliomas are
analogous to astrocytomas of
equivalent grade, being
typically nonenhancing frontal
or temporal lobe lesions, with
(b) increased T2-weighted
signal and FLAIR sequences.As
anaplasia occurs, contrast
enhancement may be seen.
Approximately 40% of
oligodendrogliomas may show
calcification. (c) Squash
cytological preparations show
round nuclei to great
advantage. (d) Cryosections or
even some rapidly fixed
specimens will not show
perinuclear halos, an artifact of
formalin fixation and paraffin
embedding. (e) Typical
microscopic appearance, with
“fried egg” perinuclear halos
and delicate microvasculature,
(f) and “ropey myelin”, intact
myelinated fibers within the
infiltrating oligodendroglioma.
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Figure 3.14. continued.

Oligodendrogliomas are also distinctive by their infiltrative behavior, often

appearing to arise in subcortical white matter and then diffusely infiltrating the
overlying cortex showing perineuronal satellitosis and perivascular spread. This
may be a useful microscopic finding when cortex overlying a tumor mass is
biopsied. When this microscopic feature is noted, oligodendroglioma should be
strongly considered. Neuronal gigantism may be seen as a reactive feature.
Within white matter, myelinated fibers may exist as surprisingly intact strands
within the oligodendroglioma, known as ropey myelin.

An often-confusing aspect of oligodendrogliomas is the nonetheless relatively
frequent presence of cells with distinctly oligodendroglial nuclei but eosinophilic
cytoplasm. This is sometimes barely detectable as subtle and eccentrically located
paranuclear cytoplasm or may be more conspicuous and conform to the desig-
nation of “minigemistocytes.” Similar cells with possibly a single detectable cell
process are sometimes called glial fibrillary oligodendrocytes because of the peri-
nuclear or circumnuclear GFAP immunopositivity. Such cells may result in diffi-
culty, distinguishing pure oligodendroglioma from mixed oligoastrocytoma or
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Figure 3.14. continued.

pure astrocytoma; however, oligodendroglial lineage should be favored if the
nuclear features are oligodendrocytic.

Immunohistochemical tools for the diagnosis of oligodendroglioma remain
quite limited as there is no reliable and specific marker of oligodendrocytes.
Immunohistochemistry is most useful in excluding tumors with morphologic
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Figure 3.14. continued.

similarities, chiefly clear cell ependymomas, astrocytomas, or oligoastrocyto-
mas. The use of MIB-1 immunostaining may be used to distinguish WHO
Grade IT examples from more anaplastic forms with average labeling indices
of about 1% to 7% or 10% or higher, respectively.
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Figure 3.14. continued

(g,h) Oligodendrogliomas,
irrespective of the favorable
1p/19q codeletion, may show
extensive cortical invasion
with prominent perinuclear
satellitosis, perivascular
spread and subpial aggregates.
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Anaplastic Oligodendroglioma

Clinical and Radiological Features

Anaplastic oligodendrogliomas occur in the same locations as their lower
grade counterparts but may feature a shorter prodrome of symptoms. These are
also more likely to show focal contrast enhancement.
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Figure 3.14. continued

(i) Oligodendrogliomas may
contain cells such as
minigemistocytes with a small
amount of eccentric
eosinophilic cytoplasm, or
gliofibrillary
oligodendrocytes, (j) with
more extensive perinuclear
GFAP immunopositivity, but
retaining the round nuclear
contour.
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Pathology

The presence of intermediate forms of oligodendroglioma between WHO
Grades II and III creates an occasional problem in clearly distinguishing
anaplastic oligodendroglioma. Islands of hypercellularity and increased prolifer-
ative activity in otherwise uniformly WHO Grade II oligodendrogliomas may
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occasionally be seen. An unambiguous anaplastic oligodendroglioma may
be diagnosed when high cellularity, nuclear pleomorphism, and vascular
proliferation are observed (Figure 3.15). As previously noted, nuclei generally
retain their rounded contours in spite of moderate pleomorphism and hyper-
chromasia. Rows or banks of cells in close parallel alignment may also be present.

Figure 3.14. continued
(k) Microcalcification is
especially associated with
oligodendrogliomas.

(I) Microcystic change.
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Figure 3.14. continued
(m) Neuronal “gigantism”
in infiltrating
oligodendroglioma.
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Focal necrosis with pseudopalisading seen in an otherwise oligodendroglial
neoplasm, disregard should not prompt a diagnosis of glioblastoma. Variants of
anaplastic oligodendroglioma include a spindle-cell type. Occasional neoplastic
cells with astrocytic features may be seen. Controversy exists as to the percent-

age of such cells required to allow for a diagnosis of anaplastic mixed
oligoastrocytoma.

Oligoastrocytoma

Clinical and Radiological Features

Oligoastrocytomas of both WHO Grades II and III occur in the same
locations as oligodendroglioma neoplasms, proportional to the bulk of lobes
of the cerebral hemispheres. Rare examples have been noted in the brainstem.
Imaging of oligoastrocytomas shows no distinctive features separable from
those of other diffuse gliomas.

Pathology

Oligoastrocytomas were originally conceived as collision tumors between
relatively pure oligodendrogliomas and astrocytomas. As the definition evolved,
oligoastrocytoma was viewed as a glial neoplasm showing an admixture of
oligodendroglioma and astrocytic cells (Figure 3.16). Accordingly, oligoastro-
cytomas may be divided into biphasic “compact” and intermingled “diffuse”



BRAIN TUMORS

IF:H . :' ..
W IAY

ﬂ ﬂ"u h

variants (Hart et al., 1974). As noted in the description of oligodendroglioma,
the presence of minigemistocytes or gliofibrillary oligodendrocytes should not
prompt a diagnosis of oligoastrocytoma. Only the definitive presence of fibril-
lary, gemistocytic, or protoplasmic elements can be accepted in diagnosing
oligoastrocytoma.

Figure 3.15. Anaplastic
oligodendroglioma, WHO
Grade III (a) with increased
mitotic activity and vascular
proliferation but retaining
oligodendroglial nuclear
morphology. (b) As in
astrocytic tumors,
oligodendrogliomas have a
distinct propensity for
regions of increased
proliferation, seen here as a
nodule of anaplastic
oligodendroglioma within a
WHO Grade II example.
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Figure 3.15. continued

(c) Conspicuous mitotic
activity may be seen. (d) An
anaplastic oligodendroglioma
with granular cell component,
associated with either grade.
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Anaplastic Oligoastrocytoma

Pathology
These tumors are oligoastrocytomas with clear features of anaplasia, includ-
ing nuclear pleomorphism and atypia, increased cellularity, and high mitotic
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Figure 3.16. (a)
Oligoastrocytoma remains a
subjective diagnosis involving
the recognition of a
combination of round
oligodendroglial and
hyperchromatic angular
astrocytic nuclei. (b)
Eosinophilic cytoplasm is not
necessarily a feature of
astrocytic cells; angular
nuclear contour and presence
of discernable cell processes
are more characteristic of
astrocytic differentiation,
while eosinophilic cytoplasm
may be seen in
minigemistocytes or
gliofibrillary
oligodendrocytes.
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activity. Microvascular proliferation may also be seen (Figure 3.17). However,
the presence of necrosis should result in diagnosis of “glioblastoma with oligo-
dendroglial component.”
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Figure 3.17. Anaplastic
oligoastrocytoma WHO
Grade 1III. (a)
Oligoastrocytomas with
clear features of anaplasia,
including nuclear
pleomorphism and atypia,
increased cellularity,

and high mitotic activity.
Microvascular proliferation
may also be seen. (b) Strong
nuclear immunopositivity for
P53 is present in some
oligoastrocytomas.
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MOLECULAR TESTING IN OLIGODENDROGLIAL TUMORS

Given that the presence of codeleted 1p/19q or 1p deletion alone confers a
significant survival advantage and prediction of favorable response to chemo-
therapy (Fallon et al., 2004), it is now commonplace to test for these
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abnormalities, most commonly by fluorescence in situ hybridization (FISH),
polymerase chain reaction (PCR)-based strategies for the detection of loss of
heterozygosity (Kelley et al., 2005) or by comparative genomic hybridization
(CGH). FISH offers the advantage of the use of representative paraffin sections or
touch cytological preparations from fresh tumor samples, however, skill in rec-
ognizing neoplastic cells is required in interpreting the results. Laboratories vary
in their threshold for diagnosing gene deletion; however, a typical percentage is
approximately 30% or above to constitute deletion, again making this determi-
nation by FISH in infiltrated tissue a distinct challenge.

Current observations from published clinicopathological research include
the following:

1. Deletions of the entire 1p and 19q arms are associated with the
favorable connotation of this finding, apparently related to an unbal-
anced 1p/19q translocation (Griffin et al., 2006; Jenkins et al., 2006).

2. Between 10% and 20% of oligodendrogliomas of classic histology do
not have the 1p/19q codeletion, therefore histology is not completely
predictive.

3. Testing for 1p deletion with a FISH probe to 1p36, as is currently
commercially available, will not distinguish between the 1p micro-
deletion that is found in gliomas and other highly diverse human
neoplasms, however, in combination with highly characteristic oligo-
dendroglioma morphology (Aldape et al., 2007), most likely reflects
loss of the entire 1p arm. Otherwise, FISH probes to a combination
of other loci outside 1p36 may be superior.

Figure 3.17. continued

(c) However, the presence of

necrosis should result in
diagnosis of “glioblastoma
with oligodendroglial
component.”
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4. CGH can reveal the status of 1p and 19q deletion but requires non-
neoplastic genomic tissue to perform the assay. This may be isolated
from blood leukocytes.

5. Conventional cytogenetics is not a reliable tool in this regard because
the 1p/19q translocation is not detected by this technique. About
half of oligoastrocytomas may have the 1p/19q codeletion; however,
there is no conclusive data regarding its prognostic value in such cases.

6. 1p/19q codeletion is not a feature of pediatric oligodendrogliomas.
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The presence of neuronal differentiation in primary brain tumors has always
represented an interpretive challenge. The largest number of newly recognized
tumors of neuroepithelial derivation is among the neural and mixed neuronal
and glial tumors. Neuronal differentiation varies from relatively undifferenti-
ated neurocytes, most closely resembling granular neurons, to large ganglionic
cells, which should display at least some dysplastic feature in order to be dis-
tinguished from entrapped cortical or other gray matter neurons. Small neuro-
cytic aggregates may also be mimicked by lymphocytic perivascular aggregates,
which may actually be part of a mixed glial and neuronal tumor just as they may
be seen in pure astrocytic tumors. The problem is complicated by the lack of
specificity of antineuronal antibodies, which may not enable the diagnostician
to clearly distinguish between neoplastic ganglion cells and nonneoplastic neurons
or entrapped neuronal processes. Immunohistochemistry for dendritic processes
such as microtubular associated protein 2 (MAP 2) may highlight an organized or
laminar architectural arrangement of neurons, thus favoring invaded gray matter,
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whereas clusters or irregular aggregates of ganglionic cells favor neoplastic growth.
The detection of binucleate neuronal cells is invaluable in diagnosing mixed glial
and neuronal tumors as clear evidence of dysplasia or neoplasia.

WHO GRADE I
Desmoplastic Infantile Astrocytoma and Ganglioglioma

Clinical and Radiological Features

Desmoplastic infantile astrocytomas/gangliogliomas (DIA/G) essentially
always occur before the age of 12 months. They are distinctly rare tumors although
their presentation is stereotypical. They occur as large cystic tumors involving the
leptomeninges, often with a dural attachment and the superficial cerebral cortex
involving more than one lobe, most commonly the frontal and the parietal (Figure
3.18a). Clinical signs include increased head circumference, bulging fontanelles,
lethargy, and the orbital setting sun sign (downward deviation of an infant’s or a
young child’s eyes as a result of pressure on cranial nerves III, IV, and VI, a late and
ominous sign of increased intracranial pressure). Perhaps because of the superficial
location, there is a generally good prognosis after surgical resection with the
possibility of long-term survival, and thus these are classified as WHO Grade 1.

Pathology

The solid portions are usually superficial and extracerebral, denoting lepto-
meningeal involvement and the dural attachment. The cysts are large and multi-
loculated. Both gross and microscopic necrosis and significant mitotic activity are
absent. These neoplasms, as indicated by their name, display a prominent desmo-
plastic stroma in which tumor cells are arranged in streaming fascicles (Figure
3.18b—g). The reticulin stain shows pericellular deposition. Astrocytic cells range
from gemistocytic to elongated forms. When gangliocytic differentiation occurs,
it ranges between cells with obvious gangliocytic differentiation to less differ-
entiated small neurocytes, all of which, however, typically express neuronal anti-
gens by immunohistochemistry such as that for synaptophysin or neurofilament.
The poorly differentiated areas may also costain for GFAP and neuronal markers
(Paulus et al., 1992; Rushing et al., 1993; VandenBerg, 1993). Foci of poorly
differentiated epithelial cells may be seen representing an immature component.
The proliferative index is generally less than 5% although examples may be seen
with significantly higher values.

Dysembryoplastic Neuroepithelial Tumor

Clinical and Radiological Features

Most DNTs occur in the first three decades of life and almost always in patients
younger than 50 years of age. They occur most frequently in the supratentorial
cortex and are discovered after the diagnosis of long-standing intractable partial
seizures (Daumas-Duport, 1993). There are believed to account for 18% of tumors
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Figure 3.18. DIA/G.

(a) Radiographic images
displaying a superficial cystic
mass with dural association,
with contrast enhancement in
the T1-weighted image
(arrow). (b) Interface of
superifical cortical and
subarachnoid extension of
DIA/G demonstrating the
acquisition of desmoplastic
morphology in the
subarachnoid portion,

(c) highlighted by the
reticulin stain on the same
area. Cytomorphology may
vary significantly between (d)
spindled, (e) astrocytic with
gemistocytes, and (f)—(g)
poorly differentiated
neuronal differentiation.
Figures (d)—(g) are
generously provided by Dr.
Gregory Fuller, M.D.
Anderson Cancer Center,
Houston, TX.
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causing temporal lobe epilepsy (TLE). Infratentorial examples as well as a DNT-
like tumor of the septum pellucidum have been reported (Baisden et al., 2001).
Radiological findings typically reveal a mass encompassing the thickness of
the cortex with focal white matter extension (Figure 3.19a). In a minority of
cases, they are hyper intense or isointense on T1-weighted images and may show

a multicystic appearance. Deformation of the overlying calvarium may be an
indicator of chronicity. Calcification is frequent on CT scans. Contrast enhance-
ment may be focal. More complex forms include the presence of cortical dys-
plasia in the contiguous adjacent cortex. They occur most commonly in the
temporal lobe, particularly the medial portions.

Pathology
The most characteristic microscopic appearance of a DNT is represented by
loose columns of monotonous neurocytic cells arranged around vascular cores
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Figure 3.18. continued.
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with intervening microcystic spaces (Figure 3.19b—e). Immunohistochemistry
will highlight neuronal cell processes in parallel arrays with antisynaptophysin
antibodies. Neuronal markers may also highlight floating neurons within micro-
cystic spaces. Large areas of tumor may show clear cell or oligodendroglioma-
like areas. These are typically GFAP immunonegative but positive for S-100
protein. The proliferative index is generally quite low.
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Figure 3.18. continued.

The DNT poses a particular problem in differential diagnosis, as it may be
incorrectly diagnosed as a higher grade lesion. Care must be exercised to avoid
the diagnosis of oligodendroglioma or other diffuse astrocytomas or glioneuro-
nal tumors. When oligodendroglioma is suspected, molecular genetic analysis
for 1p and 19q deletions may aid in the diagnosis by being present in some

oligodendrogliomas.
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Figure 3.18. continued.
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Figure 3.19.

DNT. (a) An axial T2-
weighted MR image shows a
bubbly, very high signal mass
in the left mesiotemporal lobe
with minimal enhancement.
The mass involves the entire
cortical thickness and is not
surrounded by vasogenic
edema. There may also be
benign remodeling of the
adjacent calvarium and no
enhancement.

Ganglioglioma and Gangliocytoma

Clinical and Radiological Features

The peak incidence is from childhood to mid-adulthood. These neoplasms
account for approximately 1% of all brain tumors but for 40% of tumors causing
TLE. They may occur anywhere within the neuroaxis, but most commonly occur
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Figure 3.19. continued

(b) Low-magnification view
shows the typical
multicentricity also seen
radiographically in DNT.

(c) Parallel strands of
oligodendrioglia-like cells
may be seen in certain panes
of section, which would be
highlighted by synaptophysin
immunohistochemistry.
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in the temporal lobe. Radiographically, these may be solid or cystic and WHO
Grade I examples typically show contrast enhancement (Figure 3.20a).

Pathology
Gangliocytomas consist exclusively of ganglionic cells, but the more common
occurrence in ganglion cell tumors is of mixed glial and neuronal cell populations
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(Figure 3.20b—g). The identification of gangliocytic dysplasia is of paramount
importance since otherwise pure astrocytomas may invade the cortex to the
extent that cortical neuronal cytoarchitecture is unapparent, and neuronal gigan-
tism or other reactions may occur to alter the appearance of nonneoplastic
ganglion cells. Binucleated forms, marginated Nissl substance, and highly irreg-
ular cytoarchitectural arrangements and orientations, as defined by a haphazard

Figure 3.19. continued

(d) “Floating neurons” in
myxoid spaces. (e) Example
of DNT of the septum
pellucidum.
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Figure 3.20. Ganglion cell
tumors. (a) MRI showing the
typical appearance of a
temporal lobe ganglioglioma,
with contrast enhancement of
the solid protein of a cystic
tumor, often discovered for
the evaluation of epilepsy.
(b) The simplest form of
ganglion cell tumor is the
gangliocytoma, with atypical
and haphazardly arranged
ganglion cells and no obvious
glial component. (c) Higher
magnification shows an EGB,
and neurofibrillary change
(arrow), (d) highlighted by
silver impregnation (arrow).
(e) Gangliogliomas may have
a very loose glial background
somewhat reminiscent of
pilocytic astrocytoma, in this
example with numerous
EGB:s.
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array of cell processes, are reliable findings. These may be accentuated by anti-
neuronal antibody immunostaining, particularly for MAP 2. Small areas of less
differentiated neurocytes may be present, which in turn may be imitated by peri-
vascular lymphocytic infiltrates, also not an uncommon finding in gangliogliomas.

The astrocytic portion of the tumor is often highly reminiscent of pilocytic
astrocytoma, estimated to occur in approximately two-thirds of gangliogliomas:
a biphasic pattern of perivascular compact and looser microcystic areas may be
observed, along with the presence of Rosenthal fibers and eosinophilic granular
bodies. In lesions with strong contrast enhancement, prominent vasculature as
is seen in pilocytic astrocytomas may also be found.

Subarachnoid spread is quite common in superficially located tumors, which
does not necessarily portend a higher grade. Necrosis and mitotic activity are dis-
tinctly rare unless the astrocytic component warrants a worsening in grade, and
according to current criteria, WHO Grade II lesions are not formally recognized.
Anaplastic examples warrant WHO Grade III or anaplastic ganglioglioma. The
existence of WHO Grade II “intermediate” examples has been suggested, but the
criteria have not been validated or independently confirmed (Luyken et al., 2004).
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Figure 3.20. continued.

Dysplastic Gangliocytoma of the Cerebellum
(Lhermitte — Duclos Disease)

Clinical and Radiological Features
This lesion is usually associated with the autosomal dominant disorder due
to loss of activity mutations in the PTEN gene, resulting in Cowden disease.
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Figure 3.20. continued.
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Other associated neoplasms include breast, nonmedullary thyroid, and endo-
metrial cancers as well as hamartomas, including trichilemmoma. These occur
rarely, generally between the second and seventh decade with the peak incidence
in mid-adulthood. Childhood-onset cases are not associated with PTEN muta-
tions (Zhou et al., 2003).
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The most common clinical presentation is due to abnormalities in
cerebellar function including dysmetria and other manifestations of mass
effect including macrocephaly and seizures. The appearance of dysplastic ganglio-
cytoma of the cerebellum may precede other manifestations of Cowden disease.
Thus, comprehensive clinical evaluation of the patient would include screening
for other associated malignancies, particularly breast carcinoma in females.

Figure 3.20. continued

(f) Some ganglion cell tumors
do not show obvious
ganglionic cell morphology,
but cells with prominent
round nuclei should
otherwise prompt
consideration of a neuronal
cell type, (g) confirmed
with MAP 2
immunohistochemistry.
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Figure 3.20. continued

(h) Gangliogliomas have a
distinct predisposition, also
like pilocytic astrocytomas,
to locally invade the
subarachnoid space.

The parenchymal lesion in
this cortical gyrus is
accompanied by a mound
of subpial spread, (i) seen
at higher magnification.
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Neuroimaging studies will demonstrate the abnormal architecture of

the otherwise enlarged cerebellar hemisphere (Figure 3.21a), sometimes
accompanied by cystic changes (Milbouw et al., 1988). The tumor is usually
unilateral but may be multifocal. Debate persists whether this is hamartomatous or
neoplastic; however, in the context of neoplasia, the grade is WHO Grade 1.
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Pathology

The gross appearance of this lesion reflects the radiologic impression of
enlarged folia. The microscopic diagnosis is most esthetically achieved with
sections that demonstrate the altered folial architecture whereby the molecular
and internal granular layers are architecturally intact but diffusely enlarged and
filled by ganglionic cells of varying sizes (Figure 3.21b). The outer molecular
layer may be covered by a layer of myelinated fibers, sometimes yielding the
impression of an inverted cerebellar cortex. Small aggregates of misplaced gran-
ule cells may be present in the molecular layer or in subpial locations. Purkinje
cells are either diminished or absent. Calcification and vascular ectasia may also
be present.

Paraganglioma

Clinical and Radiological Features

Paragangliomas of the CNS are most commonly located in the filum ter-
minale cauda equina region with an obvious association with the filum termi-
nale or nerve roots. These tumors most commonly occur in adults, with the
peak incidence in the fourth through sixth decades. They most commonly
present with a chronic history of low back pain and a surprising lack of motor
or sensory deficits. Paragangliomas in the head and neck region typically arise
from the glomus jugulare or the carotid bodies, with a similar recurrence in
mid-adulthood and a Caucasian predilection (Jackson, 2001). Intracranial
examples are exceedingly rare and usually result from extension by jugulotym-
panic lesions. By neuroimaging, paragangliomas typically appear as isodense,
homogeneously enhancing, sharply circumscribed, and occasionally partially
cystic masses.

Tumor location is the most important prognostic feature. Glomus jugulare
tumors may recur locally in almost half of cases (Lack et al., 1979). Most cauda
equina paragangliomas are curable by complete resection.

Pathology

These tumors are frequently accompanied by notable hemorrhage upon
resection. Their microscopic appearance is similar to normal paraganglia and
otherwise shows typical neuroendocrine features, with monotonous cells
arranged in nests or lobules bordered by a delicate fibrovascular capillary net-
work (Figure 3.22). Degenerative nuclear pleomorphism may be seen. Some
paragangliomas contain mature ganglionic elements, analogous to the visceral
“gangliocytic paragangliomas.” Others might contain prominent spindle-cell or
melanocytic components.

Immunohistochemistry will confirm neuroendocrine differentiation, with
synaptophysin and chromogranin usually being immunopositive. Sustentacular
cells may be detected by anti-S-100 immunohistochemistry. Paranuclear
cytokeratin immunopositivity is prominent in cauda equina lesions (Chetty,
1999).
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Figure 3.21. Dysplastic
gangliocytoma of the
cerebellum (Lhermitte—
Duclos disease).

(a) Radiographic imaging
may show preservation of
the overall structure of the
cerebellum but with peculiar
accentuation through mass
effect. (b) Expansion of the
granule neuron cell layer by
the dysplastic gangliocytic
element of the tumor, with
the distinctive overlying
parallel layers of myelinated
fibers in the more superficial
molecular layer creating the
illusion of inverted cerebellar
folial architecture.
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Papillary Glioneuronal Tumor

Clinical and Radiological Features
This recently recognized tumor was originally conceived as a variant of ganglio-
glioma. Only a small number have been reported; therefore, there is no age predilection
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noted thus far; they have been described from childhood to late adulthood. They
generally occur in cerebral hemispheres, although spinal pediatric examples have been
reported (Harris and Horoupian, 2000). Gross total resection usually requires
no additional treatment and is predictive of recurrence-free long-term survival.

The clinical presentation is similar to that of other hemispheric mixed glial
and neuronal tumors by causing seizures or other focal neurologic deficits.

Figure 3.22.

(a) Paragangliomas usually
show histological features of a
monomorphous
neuroendocrine neoplasm
with a tendency for nesting.
(b) Some examples result in
regional sclerosis, with tumor
cells accentuated by

(¢) synaptophysin
immunostaining, and

(d) identification of
sustentacular cells by S-100
immunolabeling.
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Figure 3.22. continued.

Radiographically, they may demonstrate a cystic component with contrast
enhancement of the solid portion.

Pathology
As the name implies, the tumor is composed of delicate papillary structures in
which thin fibrovascular septae are lined by a slightly crowded arrangement of
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monotonous small round cells conforming to neurocytes (Figure 3.23). The
papillary blood vessels may show hyalinization. Frankly ganglionic elements
may be noted (Komori et al., 1998). Mitotic activity and necrosis are not
observed. Immunohistochemically, the tumor characteristically coexpresses
GFAP as well as neuronal markers including synaptophysin, class I1I beta tubulin,
and CD56.

Figure 3.23. (a) Papillary
glioneuronal tumor, with
small neurocytic cells forming
fibrovascular papillae,

(b) highlighted by
synaptophysin
immunostaining, and

(¢) demonstrating relative
lack of GFAP
immunopositivity as
compared with surrounding
neuropil.
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Figure 3.23. continued.

Figure 3.24. (a) Rosette-
forming glioneuronal tumor
of the fourth ventricle,
showing microcytic change
with mixed astrocytic and
neurocytic elements.
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Rosette-Forming Glioneuronal Tumor of the Fourth Ventricle

Clinical and Radiological Features

This is an extremely rare and newly described tumor of young adults. Its
distinct status is warranted by a highly characteristic histological appearance.
Because of the location, symptoms are usually attributable to obstruction of
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cerebrospinal fluid (CSF) flow and consequent hydrocephalus. Histological
examples are particularly unusual because such lesions may be managed with
CSF shunting and radiological monitoring without biopsy. Because of the dif-
ficulty of surgical resection, the morbidity carried by this lesion is most often
related to surgical intervention.

Pathology

The histopathology of the small number of reported cases indicates a biphasic
tumor composed of neurocytic and glial components (Figure 3.24). The neurocytic
component includes monotonous neurocyte-forming rosettes or perivascular
pseudorosettes. Microcystic or mucinous regions may be noted. The astrocytic
component is reported to most closely resemble pilocytic astrocytoma including
oligodendroglioma-like areas and Rosenthal fibers, eosinophilic granular bodies,
microcalcification, and prominent microvasculature. As in the other mixed glio-
neuronal tumors, immunoreactivity for neuronal markers such as synaptophysin
and MAP 2 may be noted in the neuronal component and GFAP and S-100 in the
glial component, generally absent in the neurocytic rosettes.

WHO GRADE II
Central Neurocytoma and Extraventricular Neurocytoma

Clinical and Radiological Features

Central neurocytomas account for less than 1% of brain tumors. They are
generally tumors of young adults but may occur up to the seventh decade. They
most often occur around the midline between the lateral and third ventricles in

Figure 3.24. continued
(b) Higher magnification
shows frank gangliocytic
differentiation (arrow).
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Figure 3.25. Central
neurocytoma. (a) Axial T1-
weighted contrast-enhanced
image shows a heterogeneous,
enhancing, well-demarcated,
partially cystic mass
intimately associated with the
septum pellucidum in this
young adult. About half of
central neurocytomas have
calcifications visible on CT;
this mass does not display any
obvious calcification on MR.
(b) Squash preparation shows
monomorphous cells with
round nuclei and finely
punctate nuclear chromatin.
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the region of the foramen of Munro. Extraventricular neurocytomas are now
well documented. Intraventricular examples usually present with symptoms of
obstructive hydrocephalus or more acutely due to hemorrhage. Extraventricular
examples usually result in focal symptoms.

Radiographic imaging will indicate a contrast-enhancing lesion with heter-
ogeneous hyperintensity on T1-weighted and hyperintensity on T2-weighted
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images. Calcification or cystic change may be noted. In spite of the low-grade
histology, these tumors may achieve significant size and thus prevent total
resection, leading to local recurrence.

Pathology
The histologic appearance of this tumor is perhaps best introduced by
indicating that before its recognition as a distinct entity, it was considered to

Figure 3.25. continued

(c) Typical appearance of
neurocytomas, with focal
calcification and anuclear
areas of neuropil. (d) Strong
and diffuse synaptophysin
immunopositivity.
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Figure 3.26. Cerebellar
liponeurocytoma.
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be an intraventricular oligodendroglioma or clear cell ependymoma. The tumor
is thereby composed of monotonous sheets of round cells, sometimes even with
perinuclear halos. Careful examination will demonstrate neuropil-like anuclear
fibrillary areas (Figure 3.25). Calcifications are present in half of the cases.
Rarely, anaplastic features may be noticed, including an increased mitotic rate,
microvascular proliferation, and necrosis, all of which are of no definite signifi-
cance in worsening the prognosis. Immunohistochemistry shows diffuse strong
synaptophysin positivity with GFAP immunopositivity limited to entrapped or
reactive astrocytes.

Cerebellar Liponeurocytoma

Clinical and Radiological Features

This rare lesion occurs in adults with a steady increase in incidence
according to age. The tumor was originally considered WHO Grade I; however,
examples of recurrence have resulted in reclassification as WHO Grade II.
Clinical symptoms are usually attributable to increased pressure within the
posterior fossa or obstructive hydrocephalus. The tumors occur most com-
monly in cerebellar hemispheres and less commonly in the vermis or cerebello-
pontine angle.

Neuroimaging may show a heterogeneously enhancing lesion on TI-
weighted MRI studies with heterogeneous contrast enhancement. Certain irreg-
ularities may reflect the presence of lipidized components. The prognosis is
generally favorable, although recurrence has been noted in almost two-thirds
of patients (Aker et al., 2005).
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Pathology

The name largely describes the histopathology of this lesion, which is composed
of sheets or small clusters of adipocytes in a background of monomorphous neuro-
cytic cells, often yielding a biphasic appearance (Figure 3.26). The cytomorphology
may suggest oligodendroglioma or clear cell ependymoma. Careful interpretation
of immunohistochemical stains will reveal that both neurocytic and lipidized
portions express neuronal markers such as synaptophysin and MAP 2. This signi-
fies metaplastic differentiation of tumor cells rather than entrapment of fat cells or,
more importantly, the occasional presence of lipid-laden macrophages in ordinary
medulloblastomas. GFAP may be focally expressed (Soylemezoglu et al., 1996).
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Astroblastoma

Clinical and Radiological Features

This unusual neoplasm occurs predominantly in childhood through early
adulthood. Based upon the limited number of reported cases, there may be a
female predominance. They occur most frequently in the cerebral hemispheres
(Figure 3.27a,b) and cause focal neurological deficits. Because of limited clinical
experience with this entity, no WHO grade assignment has been made (Aldape
and Rosenblum, 2007).

Pathology

Astroblastomas most closely resemble ependymomas such that they dem-
onstrate perivascular pseudorosettes of cells with a variably nuclear free zone
around blood vessels (Figure 3.28a,b). The conspicuous difference with the
ependymal perivascular pseudorosettes is that in astroblastoma, the perivascular
processes are thickened and stubby as they approach the vascular wall. Other
regular features in this entity include thick hyalinized blood vessels, a papillary
growth pattern, and signet ring differentiation. Like ependymomas, the tumor
border is relatively well demarcated or pushing. Anaplastic examples have been
reported, evidenced by conspicuous mitotic activity and cytological atypia
(Navarro et al., 2005).

WHO GRADE 1

Angiocentric Glioma

Clinical and Radiological Features

This recently recognized entity is typically a superficial hemispheric cort-
ical tumor causing epilepsy (Wang et al., 2005). The most frequent tumor
locations reflect the general volume of the brain lobes with frontoparietal
compartment being most common followed by temporal lobes. The prognosis
is favorable after surgical excision without adjunctive therapy. Radiographic
imaging typically shows a well-demarcated, solid nonenhancing cortical mass
with extension into subcortical white matter, sometimes extending to the
ventricular surface.

Pathology

The angiocentric glioma is composed of elongated glial cells and
careful inspection of the lesion will show focal areas with perivascular per-
pendicularly arranged tumor cells (Figure 3.29a—c). They are typically
strongly GFAP positive and also show distinctive dot like epithelial mem-
brane antigen (EMA) positivity, reminiscent of ependymomas.
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WHO GRADE I1
Chordoid Glioma of the Third Ventricle

Clinical Features
This extremely rare entity occurs only in the third ventricle and typically
causes obstructive hydrocephalus with headache, nausea, and ataxia (Brat et al.,

Figure 3.27. (a) An axial T2-
weighted image shows cystic
areas within the mass and
surrounding vasogenic
edema. The hypointensity in
the anterior aspect of the mass
is probably a calcification.
Astroblastomas often have a
multicystic appearance and
most reported cases describe
calcifications, which are
visible on CT (Bell et al.,
2007). (b) An axial
T1-weighted contrast
enhance image shows a
circumscribed enhancing
mass centered within the
parietal lobe and displacing
the central sulcus anteriorly.
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Figure 3.28. (a) Perivascular
processes in astroblastoma,
with thick processes as
distinguished from the thin
tapering processes of a
perivascular pseudorosette in
ependymomas. Nuclear
features are closely
reminiscent of those in
ependymomas. b) Thick
perivascular processes are
highlighted by GFAP
immunohistochemistry.
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1998). Endocrine, visual, and psychiatric disturbances have also been reported
because of compression of local structures. They generally occur in adults
between the ages of 30 and 60 years.

Pathology
As indicated by the name, these tumors are composed of cords or clusters
of epithelioid cells surrounded by a mucinous matrix, highly reminiscent of
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Figure 3.29. (a) Typical
perivascular aggregates of
glial tumor cells, which (b)
extends into surrounding
brain tissue in angiocentric
glioma.

and sometimes virtually indistinguishable from chordoma (Figure 3.30a—c).
Cells tend to lack the prominent vacuolation of chordoma cells.
Despite their rarity, a regular feature is a lymphoplasmacytic infiltrate.
Cytological atypicality, mitotic activity, and necrosis are not present.
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Figure 3.29. continued
(c) EMA reactivity is seen as
punctate cytoplasmic dots.

Figure 3.30. (a) The
chordoid glioma bears
remarkable microscopic
similarity with chordomas,
including a myxoid
background, (b) however,
closer inspection will reveal
the absence of the vacuolation
in tumor cell cytoplasm. (c)
Chordoid gliomas are
strongly immunopositive for
GFAP. Photomicrographs are
generously provided by D.
Brat, Emory University
School of Medicine, Atlanta,
GA.
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Immunohistochemistry provides the diagnostic distinction as these tumors

are strongly GFAP positive but do not show the characteristic cytokeratin
positivity of chordomas, although S-100 immunopositivity may be focally
present.
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Figure 3.30. continued.
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WHO GRADE I
Subependymoma

Clinical and Radiological Features

These are indolent, benign gliomas, which occur in middle to late
adulthood with a male to female incidence of greater than two to one (Rushing
et al., 2007). It is not unusual for subependymomas to be found incidentally at
autopsy (Ernestus and Schroder, 1993). They typically appear as a
pedunculated intraventricular mass most commonly in the fourth ventricle
and 50-60% of cases, followed by the lateral ventricles in 30—40% of cases.
Rarely, subependymomas occur in the cervical or thoracic spinal cord as an
intramedullary lesion and rarely as an extramedullary mass (Jallo et al., 1996).
Subependymomas can be cured by surgical excision but may recur if incom-
pletely resected.

Subependymomas produced symptoms largely through the obstruction of
CSF flow and resultant raised intracranial pressure. They may undergo extensive
intratumoral or subarachnoid hemorrhage to the extent that the underlying
tumor may be obscured by the accumulated blood (Lindboe et al., 1992; Marra
et al., 1991). The radiological appearance is highly suggestive in the appropriate
clinical context (Figure 3.31).

Pathology

Subependymomas are firm well-demarcated tumors often protruding as a
pedunculated mass from the wall of a ventricle. The histologic features are quite
characteristic, consisting of loose clusters of bland, rather monomorphous cells
with nuclear features of ependymal differentiation in a rich fibrillary background
(Figure 3.32). Microcystic degeneration as well as microcalcification are common.
These tumors are GFAP immunopositive. As with other neoplasms associated
with ependymal differentiation, cilia or microvilli may be seen ultrastructurally.
It is important to recognize that gliomas with mixed ependymal and subepen-
dymal morphologies constitute a distinct entity with the prognosis determined
by the grade of the ependymal portion.
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Figure 3.31. Just as they
appear grossly,
subependymomas by
neuroimaging show a sharply
circumscribed nodular mass,
which is typically
noncontrast-enhancing
(Chiechi et al., 1995) in (a)
the lateral ventricle or (b) the
fourth ventricle. Calcification
and hemorrhage may be seen.
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Figure 3.32. (a)
Subependymomas are often
an incidental finding at
autopsy, as was this small
example in the floor of the
fourth ventricle. (b) The-low
power appearance of
subependymomas reveals its
hypocellularity and loose
clusters of cells in a fibrillary
background.
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Myxopapillary Ependymoma

Clinical and Radiological Features
The myxopapillary ependymoma occurs within the broad age range but
most commonly in young adults in the third and fourth decades with a greater
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than 2:1 incidence in males as compared with females (Kurt et al., 2006). They
are the most common intramedullary neoplasm of the spinal cauda equina and
are essentially only found in this location (Figure 3.33). Sacrococcygeal subcu-
taneous examples have been reported and may be associated with a higher rate
of regrowth or even distant metastases (Helwig and Stern, 1984; Ilhan et al.,
1998). The quite favorable prognosis after total or sometimes even partial

Figure 3.32. continued

(¢) Microcystic degeneration
is a regular feature of
subependymomas. (d) Closer
inspection of nuclei reveals
the ovoid shapes reminiscent
of an ependymal lineage.
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Figure 3.33. This mid-sagittal
MRI shows the sausage shape
of the myxopapillary
ependymoma in the region of
the cauda equina, with
inhomogeneous contrast
enhancement.
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resection is reflective of the WHO Grade I classification. If tumor spillage occurs

in resection, there may be a local and inexorable infiltrative recurrence. CNS
metastases may also occur (Fassett et al., 2005).

Pathology

When operative conditions permit, the gross resection specimen will be an
elongated and encapsulated mass, thus indicating a successful en bloc resec-
tion. The cut surface is soft and gray with a lobulated texture. Microscopically,
myxopapillary ependymomas are composed of sometimes only vaguely rec-
ognizable papillary structures rimmed by glial cells with nuclear features of
ependymal derivation, namely ovoid nuclei with finely stippled chromatin
(Figure 3.34). Sometimes the cells are noticeably elongated and may show
perivascular delicate processes. The myxoid component of these tumors
may also be difficult to discern but special stains such as Alcian blue or
periodic acid—Schiff (PAS) may highlight small amounts of myxoid matrix.
While there may be mild nuclear pleomorphism, proliferative activity is min-
imal. Tumor cells are GFAP and S-100 immunopositive, and negative for
cytokeratin staining, which may be helpful in distinguishing this tumor from
metastatic papillary epithelial neoplasms.
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WHO GRADE II

Ependymoma

Clinical and Radiological Features
Ependymomas are most common in the pediatric population; however,
they may occur well into late adulthood (Reni et al., 2007). There are distinct

Figure 3.34. (a) Squash
preparation of a
myxopapillary ependymoma
showing preservation of its
distinctive papillary
architecture. (b) Papillary
growth is not always obvious,
as seen in the upper right
corner.
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Figure 3.34. continued

(c) Nuclear morphology is
ependymal, with ovoid shapes
and small but distinct
nucleoli. (d) The Alcian blue
stain highlights the myxoid
component, which may be
quite focal and much less
extensive than in this
example.
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predilections for location according to the age of the patient. Posterior fossa exam-
ples predominate in childhood and typically arise within the fourth ventricle at a
lateral recess. They tend to grow through the foramina of Luschka and may
extend into the subarachnoid space of the ventral pons and encase the basilar
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Figure 3.35. Ependymomas
are typically well demarcated
by neuroimaging and show
variable contrast
enhancement. Extensive
calcification may sometimes
be seen. This example shows
the characteristic tendency of
ependymomas to extend from
the fourth ventricle into the
prepontine space, sometimes
encasing the basilar artery.

artery (Figure 3.35). Spinal ependymomas are more common in adults. Rare

examples exist for pelvic (Duggan et al., 1989; Hofman et al., 2001) and ovarian
ependymomas (Garcia-Barriola et al., 2000). Supratentorial ependymomas
occur in both age groups.

The symptoms of ependymomas depend on the location. Posterior fossa
tumors tend to produce obstructive hydrocephalus. Supratentorial examples
produce effects referable to space-occupying lesion and increased intracranial
pressure, such as headache, dizziness, nausea, and vomiting. Spinal ependymo-
mas produce motor and sensory deficits.

The prognosis for ependymomas depends heavily upon the extent of sur-
gical resection, as chemotherapy and radiation therapy are of limited effective-
ness with this tumor. The clear cell ependymoma may be associated with a more
aggressive course (Fouladi et al., 2003). A study of posterior fossa childhood
ependymomas suggests that the extent of resection and age above 3 years are the
most important positive prognostic predictors, and grading does not carry
equally significant prognostic importance (Tihan et al., 2008).

Ependymomas are distinctive among most glial tumors in that the borders are
comparatively better demarcated, without the tendency seen in astrocytomas for
extensive single cell infiltration far into adjacent brain or spinal cord tissue. This
has important implications for intraoperative consultations since a neurosurgeon
may successfully achieve total resection of an ependymoma and thus ensure the
likelihood of long-term survival (McGirt et al., 2008), whereas the infiltrative
nature of an astrocytoma would argue against an attempt at complete resection.
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Figure 3.36. Classic
ependymoma. (a) Squash
preparations of
ependymomas may allow for
preservation of the
perivascular pseudorosettes.
(b) Classic low-power
appearance of ependymoma
in cryosection in which
perivascular pseudorosettes
may be seen in spite of
suboptimal histological
representation of the sample,
and should always prompt
consideration of
ependymoma even when
present in vague forms.
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Pathology

Ependymomas are divided into classic forms and variants as listed, also
classified as WHO Grade II tumors. They tend to share a distinctive nuclear
morphology consisting of monomorphous ovoid nuclei with finely punctate
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chromatin and a small but distinct nucleolus. The glial nature of ependymomas
can be vividly seen in cytological squash preparations through the rich fibrillary
background, which may also highlight perivascular cell processes (Figure 3.36).

The most useful diagnostic histological feature in ependymomas is the
perivascular pseudorosette; when encountered in either frozen or permanent

Figure 3.36. continued

(c) Typical appearance of
ependymoma, with frequent
perivascular pseudorosettes
in the right field of the figure,
while the portion in the left
illustrates the variable extent
of this finding. (d) True
ependymal rosettes are
usually much rarer than
perivascular pseudorosettes
and (e) are highlighted by
EMA immunohistochemistry
in addition to characteristic
dotlike cytoplasmic positivity
of ependymomas.
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Figure 3.36. continued.
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sections, the diagnosis of ependymoma can be made with relative ease. This is
usually apparent as an anuclear perivascular zone of varying width. The hem-
atoxylin and eosin (H&E) stain may not reveal the perpendicular and tapering
glial processes of which the perivascular pseudorosette is composed. However,
portions of the tissue demonstrating a pulling artifact or a GFAP immunostain
would serve to highlight the perivascular pseudorosette cell processes. This is an
approach that may be applied to all forms of ependymoma, particularly those
with vague perivascular pseudorosettes.

Less commonly, true ependymal rosettes may be found, in which cells are
arranged in a small circle around a lumen lined by cilia or more commonly,
basal bodies or blepharoplasts along the apical surfaces of the tumor cells.
Such lumina would be highlighted along the periphery by EMA immunostain-
ing. Another immunohistochemical feature in several types of ependymoma,
which may be of key diagnostic value, is the presence of EMA-positive dotlike
cytoplasmic inclusions, representing microlumina in tumor cells (Takei et al.,
2007).

Blood vessels are relatively inconspicuous in WHO Grade II ependymo-
mas. Necrosis should prompt consideration of an anaplastic ependymoma;
however, necrosis may be found in otherwise WHO Grade II ependymomas
of the posterior fossa and should not result in a designation of WHO
Grade II1.

Metaplastic change in the form of cartilage or bone formation may be seen.
Some supratentorial or extraventricular ependymomas may show such extensive
and dense calcification as to obscure the ependymal nature of the tumor. Myxoid
degeneration and tumor hemorrhage may also be seen. Other forms of differ-
entiation include lipomatous (Onaya et al., 2005; Sharma et al., 2000), giant cell
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(Brown et al., 1998; Fourney et al., 2004; Pimentel et al., 2001; Zec et al., 1996),
extensive vacuolation or signet ring cell differentiation (Hirato et al., 1997; Mizuno
et al., 2005; Vajtai et al., 1999), and melanotic pigment (Chan et al., 2003).

Most ependymomas are GFAP immunopositive with S-100 and vimentin
coexpressions. The aforementioned EMA immunopositivity may be diffuse in
rare cases in contrast to the usual dotlike cytoplasmic positivity. Cytokeratin
positivity may be seen in unusual cases, complicating the process of distinguish-
ing them from metastatic tumors (Mannoji and Becker, 1988). Ependymomas
of the third ventricle have been shown to express thyroid transcription factor 1
(TTF1) (Zamecnik et al., 2004). Neuronal antigens of unknown clinical signifi-
cance may be present (Rodriguez et al., 2007), although interestingly, neuN
immunoreactivity has been noted in ependymomas, particularly in the ana-
plastic examples (Parker et al., 2001).

Cellular Ependymoma

These are associated with supratentorial extraventricular origins (Shuangshoti
et al., 2005), and are distinguished from classic ependymomas by increased
nuclear density without an increase in mitotic activity (Figure 3.37). Accord-
ingly, pseudorosettes may be less apparent.

Papillary Ependymoma

Papillary growth within ependymomas may often appear as the focal conse-
quence of the artifactual pulling apart of tissue. However, when fingerlike pro-
jections forming genuine papillae are present, the term papillary ependymoma
may be used. These may be particularly difficult to distinguish from other
papillary tumors such as choroid plexus papillomas (Park et al., 1996) or meta-
static carcinomas. The papillary ependymoma would demonstrate extensive
GFAP immunopositivity in contrast to a relative or complete lack of GFAP
expression in choroid plexus papillomas or metastatic carcinomas.

Clear Cell Ependymoma

The clear cell ependymoma is stated to be more common in supratento-
rial locations of young children and is associated with a poorer prognosis
(Fouladi et al.,, 2003). They are dominated by monomorphous cells with
clear cytoplasm yet retaining nuclear features of an ependymoma (Figure
3.38). These may nonetheless be difficult to distinguish from other clear
cell gliomas, particularly oligodendroglioma or regions of other gliomas
such as pilocytic astrocytoma, ganglioglioma, or the DNT with oligodendro-
cyte-like components. Immunohistochemistry for GFAP may be especially
useful in highlighting perivascular pseudorosettes and for EMA by revealing
cytoplasmic dotlike immunoreactivity.
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Figure 3.37. (a) Cellular
ependymomas are
characterized by increased
cellularity without anaplasia,
which may obscure the
presence of usual perivascular
pseudorosettes. (b) As in all
ependymomas, GFAP
immunohistochemistry may
reveal the slender perivascular
tumor processes that are not
appreciable in H&E-stained
sections.

Tanycytic Ependymoma

The name derives from tanycytes, which are periventricular spindle cells with
perpendicular cytoplasmic processes. This rare form of ependymoma is
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especially associated with spinal locations (Kobata et al., 2001; Sato et al., 2005)
but is also found in the supratentorial compartment (Daneyemez et al., 1999;
Ragel et al., 2005; Richards et al., 2004). An association with NF2 has been
reported (Kobata et al., 2001; Ueki et al., 2001).

Figure 3.38. (a) Clear cell
ependymomas raise the
differential diagnosis between
other CNS clear cell tumors,
chiefly oligodendrogliomas
and clear cell meningiomas.
(b) Immunohistochemistry
for EMA will show
cytoplasmic dotlike positivity
in some cells (arrow).
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Figure 3.39. (a) Tanycytic
ependymomas shows features
more reminiscent of spindle
cell neoplasms such as
schwannomas or some
meningiomas. b) Close
inspection shows vague
perivascular pseudorosettes
and characteristic ependymal
nuclear morphology.
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It is dominated by fascicles of spindle cells; pseudorosettes may be especially
difficult to recognize (Figure 3.39). Again, nuclear features are ependymal in
nature, which may be important in distinguishing this from fibrous meningi-
omas or other spindle-cell neoplasms.
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Giant Cell Ependymoma

This type of ependymoma has been recognized by the most recent WHO classifica-
tion as a variant pattern; however, several reports indicate the possible distinctiveness
of this entity. It has been reported to predominantly occur in adolescents, originally
in the filum terminale but later in posterior fossa and supratentorial locations (Ada-
mek et al., 2008; Brown et al., 1998; Fourney et al., 2004; Pimentel et al., 2001).

Figure 3.40. (a) Giant cell
ependymoma may be
unrecognizable as an
ependymoma, although focal
areas of typical differentiation
may occur.
Immunohistochemical profile
is characteristic of most
ependymomas, including
positivity for (b) S-100,

(c) GFAP, and (d) CD99.
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Figure 3.40. continued.

L] - o~ ¥ “'* # . ‘.rd ek X e
o " - = um W LR L
% A A o & '
A GRS S L ARy
8 " 14 ]
i rﬂ " lf'ﬂ"" L 'ﬁ = o ik I i
% Ll V.8 i L - i -y ¥ ]
£, f " P r‘ - g A \
L :\' A " Fhog o ..' by .1: *‘l
. v Y A N .
| i " Fr il .':\ ik
Sl I it 5
O 21\ B BT o
‘) g | ‘h'i- 1 [J- v i‘l i | . |
-F' _._: ' *l - i IlI | i i
v . . Ty, & ~_a % 8 i
! - [}
- j'... *I;- "_' p s '1"" ]
[ ¥
L ‘i g ’ ! F
| f - L]
i ) - = §
| ) il P
o - " e " "-_"'th f
i - - e el M
-j. ¥ ot S r .!.l.'! L] " -
= e T F W .g
A !
% oL 4 b_-: :'- |. lrl',r = i l,.l'
= *.."__,.- 74 l:r -. F’ # N B - '_- g ; : ‘?'
. 2. & . g
d ¥ ig 8 3 . e ... ol ! v r

Microscopically, these tumors are barely recognizable as ependymomas
(Figure 3.40); however, the focal presence of perivascular pseudorosettes, GFAP
immunopositivity, and characteristic ultrastructural findings of junctional com-
plexes and cytoplasmic lumina with microvillous projections support the diag-

nosis of giant cell ependymoma.
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WHO GRADE III
Anaplastic Ependymoma

Clinical and Radiological Features
Anaplastic ependymomas may occur in any location in which WHO Grade
IT ependymomas occur but are particularly associated with childhood and the

Figure 3.41. (a) Anaplastic
ependymoma, WHO Grade
111, is marked by a significant
increase in cellularity
resulting in sheets of crowded
cells. (b) Readily identifiable
mitotic figures are another
hallmark of anaplastic
ependymomas.
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Figure 3.41. continued

(c) Pseudopalisading necrosis
and microvascular
proliferation may be features
of anaplastic ependymoma,
thus raising the importance of
distinguishing them from
WHO Grade IV
glioblastomas.
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posterior fossa. They are associated with aggressive behavior and poor response
to therapy. Neuroimaging typically shows contrast enhancement.

Pathology

The parameters for the distinction of anaplastic ependymoma from WHO
Grade II ependymoma are not clear in borderline situations. However, an
ependymoma with sheets of densely packed cells, increased mitotic activity
(Schiffer et al., 1991), vascular proliferation, and necrosis should be
considered anaplastic (Figure 3.41). Cartilaginous and osseous metaplasia has
also been reported (Mridha et al., 2007). Perivascular pseudorosettes may be
inconspicuous and true ependymal rosettes are essentially nonexistent. As
stated, isolated necrosis in an otherwise WHO Grade II ependymoma of
the posterior fossa should not be considered evidence of anaplasia (Tihan et
al.,, 2008). Anaplastic ependymomas usually retain GFAP immunopositivity
although sometimes to a lesser extent than in WHO Grade II examples.
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Clinical and Radiological Features

Choroid plexus tumors occur in intraventricular locations where native
choroid plexus epithelium normally exists. Eighty percent of tumors occur in
patients younger than 20 years of age, particularly those of the lateral ventricle
(Janisch and Staneczek, 1989; Rickert and Paulus, 2001). Pediatric choroid
plexus tumors are especially common in the first year of life, even occurring
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as fetal or congenital examples, accounting for 10-20% of brain tumors in this
age category. However, choroid plexus tumors of the fourth ventricle occur at

all ages without a predilection for childhood. Five percent of choroid plexus
tumors may occur in the third ventricle and may very rarely occur in extra-
ventricular locations (Beskonakli et al., 1998).

They tend to produce symptoms by blocking the flow of CSF and thus
causing obstructive hydrocephalus, with increased head circumference in
infants and increased intracranial pressure in older patients. Choroid plexus
papillomas are also believed to cause hydrocephalus through the over production
of CSF (Fujimura et al., 2004).

CT or MRI typically shows a well-demarcated irregularly contrast-enhancing
mass that is T1 - isodense and T2 - hyperdense, which may be unusually large by
the time of diagnosis. Some tumors are irregular in outline or disseminated
(Figures 3.42 and 3.43).

WHO GRADE I
Choroid Plexus Papilloma
Pathology

These are well-circumscribed lobular and papilliform masses that may com-
press or adhere to adjacent ventricular walls but are not invasive. Cyst formation
and hemorrhage may occur.

Figure 3.42. Posterior fossa
choroid plexus papilloma
originating at the
cerebellopontine angle,
showing diffuse contrast
enhancement.
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Figure 3.43. Choroid plexus
carcinoma in the lateral
ventricle with marked local
mass effect and markedly
enlarged ventricles due to
obstruction and possibly also
related to overproduction of
CSF.

Figure 3.44. (a) Choroid
plexus papillomas show
fibrovascular papillae lined by
crowded epithelium with
heaped up nuclei in contrast
to the orderly single array of
benign choroid plexus
epithelium seen for
comparison in the upper left
portion of the field.
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Microscopically, WHO Grade I choroid plexus papillomas show a delicate
papillary architecture. They are distinguishable from native choroid plexus
epithelium by the crowded and more irregular alignment of tall columnar,

stratified nuclei along the fibrovascular cores, in contrast to the even and low
cuboidal choroid plexus epithelium (Figure 3.44a,b).

Choroid plexus papillomas have only minimal cytological atypia and
mitotic activity. A variety of histological alterations may also exist such as
oncocytic (Diengdoh and Shaw, 1993; Stefanko and Vuzevski, 1985), mucinous,
or melanotic change (Vajtai et al., 1995), tubular architecture, and metaplastic
chondroid or bone formation (Corcoran et al., 2001; Kocaeli et al., 2007; Yap
et al.,, 1997). Choroid plexus papillomas have now been added to the list of
gliomas that may contain neuropil-like islands (Hasselblatt et al., 2008).

The immunohistochemistry of choroid plexus papillomas reflects their
neuroepithelial derivation and are thus S-100 and at least focally GFAP
positive (Figure 3.45). They are also transthyretin (prealbumin) (Figure 3.46),
CD99, keratin, and vimentin positive. An intriguing incidental finding was
immunopositivity of both native choroid plexus epithelium and papillomas
and even choroid plexus carcinomas for synaptophysin (Kepes and Collins,
1999) (Figure 3.51), which may be useful in differentiating these from meta-
static papillary carcinomas. Immunostaining for inward rectifier potassium
channel Kir7.1 (Figure 3.48) has been reported as a marker of both native
choroid plexus epithelium and its tumors and is an example of an immunop-
robe derived from a microarray based search for diagnostic antibodies (Hassel-
blatt et al., 2006).

Figure 3.44. continued

(b) Care must be exercised in
avoiding the interpretation of
tangentially cut invaginations
at the base of stalks as
evidence of invasive growth.
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Figure 3.45. GFAP
immunohistochemistry in
choroid plexus papilloma.
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Figure 3.46. Transthyretin
immunohistochemistry in
choroid plexus papilloma.

WHO GRADE II

Atypical Choroid Plexus Papilloma
Pathology

This entity arose from the recognition of choroid plexus tumors, which are
more akin to WHO Grade I choroid plexus papillomas in gross characteristics
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and histological appearance but with increased mitotic activity of greater
than or equal to two mitoses per ten high-power fields and thus an increased
likelihood of local recurrence (Jeibmann et al., 2006) or spinal metastasis (Uff
et al., 2007). As WHO Grade II neoplasms, they are somewhat analogous to

Figure 3.47. Atypical choroid
plexus papilloma, showing
increased mitotic activity
without significant
pleomorphism or other
frankly carcinomatous
features.

Figure 3.48. Kir7.1
immunostaining of an
atypical choroid plexus
papilloma. (Image generously
provided by Prof. Werner
Paulus, Muenster, Germany.)
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Figure 3.49. Choroid plexus
carcinoma with marked
anaplasia with mixed
papillary and solid growth.

Figure 3.50. GFAP in choroid
plexus carcinoma, with
diminished staining in
comparison with choroid
plexus papillomas.

atypical meningiomas, showing an increase in mitotic activity without other
obviously atypical features (Figure 3.47). There should be no features of frank
malignancy such as poorly differentiated morphology or necrosis.
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WHO GRADE III

Choroid Plexus Carcinoma

Pathology

Grossly, these are large infiltrative masses with hemorrhage and necrosis.
Microscopically, choroid plexus carcinomas are sometimes barely recognizable
as a papillary neoplasm, demonstrating significant nuclear pleomorphism,
increased cellularity, and mitotic activity, with solid growth (Figure 3.49). Immu-
nohistochemical markers such as transthyretin and GFAP (Figures 3.50, 3.51)
may show diminished positivity with increasing degrees of dedifferentiation.
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Figure 3.51. Synaptophysin
immunopositivity is a feature
of choroid plexus papillomas
and is retained in this choroid
plexus carcinoma.
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Pineal tumors are rare, accounting for less than 1% of all intracranial neo-
plasms, with pineal parenchymal tumors accounting for 14-27% of tumors in
this location (Konovalov and Pitskhelauri, 2003; Regis et al., 1996). They
produce symptoms by compressing local structures including the cerebral
aqueduct and, brainstem, and may extend into the third ventricle. Parinaud
syndrome occurs when the mass lesion causes compression on the superior
colliculi, resulting in paralysis of upward gaze.

Any basic awareness of the difficulty in surgically approaching the pineal
gland and its tumors along with increasing preference of stereotactic biopsy
over invasive techniques predicts biopsies of sizes barely adequate for perma-
nent sections, not to mention for frozen section diagnosis. Under these cir-
cumstances, cytological preparations can be of distinct diagnostic utility
(Parwani et al., 2005).

WHO GRADE I
Pineocytoma

Clinical and Radiological Features
Pineocytomas occur evenly between the second and seventh
decades, roughly equally between males and females. Pineocytomas behave
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in an indolent fashion without a propensity for metastasis or subarachnoid
spread.

Radiographic imaging indicates a well circumscribed mass generally less
than 3 cm in diameter, sometimes showing peripheral calcification or cystic

Figure 3.52. (a) Normal
pineal gland (autopsy
specimen). Failure to
appreciate normal histology
can result in misdiagnosis of
pineal gland as pineocytoma.
(b) Slightly more crowded yet
well-differentiated cell
proliferation of pineocytoma.
Note the circular aggregates
of cells forming
pineocytomatous rosettes.

151



NERVOUS SYSTEM

Figure 3.52. continued
(c) Strong and diffuse
synaptophysin positivity.
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changes (Chiechi et al., 1995; Schild et al., 1993). These tumors generally show
strong homogeneous contrast enhancement.

Pathology

The histopathology of pineocytomas is fraught with difficulty in distin-
guishing them from the nonneoplastic pineal gland. Diagnosticians should
familiarize themselves with the normal histologic appearance of the pineal gland
(Figure 3.52a) in order to avoid this pitfall. The situation is further complicated
by the receipt of a biopsy barely visible to the naked eye owing to the precarious
territory for stereotactic biopsy: the pineal gland is bordered by several deep
cerebral veins.

Pineocytomas show an increased cellularity, moderate in degree; however,
the cytological features closely resemble those of normal pineocytes (Figure
3.52b). Biopsies or sufficient size may show the architectural presence of
pineocytomatous rosettes, which are neurocytic cells arranged in a wide arc
around a neuropil-like central area composed of delicate cell processes.

Cytological pleomorphism with ganglion cells (Mena et al., 1995) or
multinucleated cells may be seen, which does not appear to have prog-
nostic significance. Mitotic activity and necrosis are essentially absent.

Immunohistochemical studies show neuronal reactivity with antibodies to
synaptophysin (Figure 3.52c), with neurofilament highlighting cytoplasmic
processes. The retinal S-antigen may be demonstrable.
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but without the overt
features of an embryonal

absence of pineocytomatous
tumor as seen in

distinctly greater cellularity,

rosettes,

pineoblastoma. (d) Spindle
cell component retains

synaptophysin

immunopositivity.
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Figure 3.53. continued.

WHO GRADE II OR III

Pineal Parenchymal Tumor of Intermediate Differentiation

Clinical and Radiological Features

The concept of this tumor was developed in order to accommodate pineocy-
tomas with atypical features or pineoblastomas with an unusual degree of
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differentiation (Schild et al., 1993). Some authors consider this entity to more
closely approximate true pineoblastomas because of their distinctly poorer prog-
nosis. They occur in an age distribution similar to that of pineocytomas, with a
slight female preponderance. The clinical presentation is quite similar to that of
pineocytoma namely due to compression of local structures and increased intra-
cranial pressure.

Pathology

This designation is not meant to include tumors with coexistent pineocy-
toma and pineoblastoma but rather represents a true intermediate histology
(Schild et al., 1993). This tumor shows either diffuse or lobular growth, and there
is a distinctly higher cellularity than that seen in pineocytoma (Figure 3.53).
There may be mild-to-moderate nuclear atypia, or even distinct cytological
pleomorphism (Sasaki et al., 2006), and mitotic activity, which should be used
to ultimately distinguish between WHO Grades II and III. The proposal has been
made that the diagnosis of pineal parenchymal tumor of intermediate differ-
entiation with a more favorable prognosis may be made when there are fewer
than six mitoses and positive neurofilament immunolabeling (Jouvet et al.,
2000). Homer Wright rosettes may be seen, but pineocytomatous rosettes
are not.

Papillary Tumor of the Pineal Region

Clinical and Radiological Features

This recently described rare entity occurs at any age but more frequently
in adults (Fevre-Montange et al., 2006; Jouvet et al., 2003; Roncaroli and Schei-
thauer, 2007). Time will tell whether this unique cytoarchitecture and
immunophenotype may occur in other locations in the central nervous sys-
tem (CNS). The symptoms are referable to local mass effect, with obstructive
hydrocephalus, headache, and other nonspecific symptoms. Radiographic
imaging shows contrast enhancement. They may reach relatively large sizes of
up to 4 cm.

Pathology

This neoplasm is dominated by epithelial appearance with papillary growth
(Figure 3.54a). Intervening cellular areas most closely invoke a similarity with
ependymomas. Indeed, some authors have attributed the histogenesis of this
tumor with the specialized ependymal cells of the subcommisural organ.
Mitotic activity is generally low but may number between 0 and 10 per high-
power field. Necrosis may be present.

The diagnosis rests upon the typical histochemical profile whereby these
tumors are reactive for both cytokeratin antibodies (Figure 3.54c), including
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Figure 3.54. Papillary tumor
of the pineal region. (a)
Papillary growth with
crowded but relatively
monomorphous tumor cells.
Immunostaining may show
(b) focal GFAP, (c¢) mixed
cytokeratin, and (d)
synaptophysin positivity.
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anti-AE1/AE3, CAM 5.2, and CK18. This is combined with limited GFAP
expression (Figure 3.54b), which should help distinguish them from ependy-
momas. However like ependymomas, the papillary tumor of the pineal region
may show dotlike cytoplasmic or focal membrane staining for epithelial
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Figure 3.54. continued.

membrane antigen. Synaptophysin may be weakly immunopositive (Figure
3.54d). Proliferative activity, as determined by the MIB-1 labeling index and
mitotic activity should be used in the attempt of assignment as either WHO
Grade II or III although firm criteria do not exist.
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Figure 3.55. Characteristic
features of a pineoblastoma,
with crowded cells, Homer
Wright rosettes, frequent
mitoses and apoptotic cells.
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WHO GRADE IV

Pineoblastoma

Clinical and Radiological Features

Unlike the previously described pineal parenchymal tumors, this tumor occurs
mostly in the pediatric age group into early adulthood, although it may occur at
any age. There is no sex predilection. Pineoblastomas may carry a genetic associ-
ation when they occur as part of the either sporadic or familial trilateral retino-
blastoma syndrome, defined as bilateral retinoblastoma with pineoblastoma
(Amoaku et al., 1996; Bader et al., 1982; Tarkkanen et al., 1984).

The pace of symptom onset and interval to surgery may be considerably less
than with pineocytomas, reflecting the malignant histology. The prognosis is poor
especially when one considers the combination of an aggressive embryonal neo-
plasm with the notable difficulties encountered in the attempt at surgical resection.
The pineoblastomas have a well-known propensity for remote CSF dissemination
and even extracranial metastasis (Constantine et al., 2005; Herrick and Rubin-
stein, 1979; Schild et al, 1993). Neuroimaging indicates a large and rela-
tively poorly demarcated solid mass with heterogeneous contrast enhancement.

Pathology

Histological evaluation will reveal a primitive embryonal neoplasm com-

parable to that in medulloblastoma or other similar primitive neuroectodermal
tumors. They are densely cellular with increased nuclear—cytoplasmic
ratios, markedly elevated mitotic activity, necrosis, with Homer Wright and
Flexner—Wintersteiner (retinoblastic) rosettes (Figure 3.55). Rarely, a mixed
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pattern is present combining pineocytoma and pineoblastoma. Melanocytic,
cartilaginous, and rhabdomyoblastic differentiation has been recorded, referred
to as pineal anlage tumors (Berns and Pearl, 2006; Herrick and Rubinstein,
1979; Numoto, 1994).

Immunohistochemistry shows neuronal immunopositivity as the dominant
diagnostic feature. GFAP immunostaining is generally noncontributory or sig-
nifying reactive astrocytosis.
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MEDULLOBLASTOMA

Clinical and Radiological Features

Medulloblastoma is the second most common brain tumor of childhood
with astrocytomas as a whole being the most common (Surawicz et al., 1999).
Approximately 400 new cases are reported in the United States each year with an
annual incidence estimated to be 0.5 per 100,000 children less than 15 years of
age and a peak age at presentation of 7 years. They are more common in males
and Caucasians as compared with African Americans. Medulloblastoma may
also occur in adulthood in which the vast majority occur between the ages of
21 and 40 years (Giordana et al., 1999).

The majority of childhood medulloblastomas arise in the cerebellar vermis and
usually project into the fourth ventricle. Cerebellar hemispheric examples are more
common in adulthood and are usually of the desmoplastic/nodular subtype.

The clinical presentation of medulloblastoma reflects the behavior of a
malignant, invasive, and highly proliferative tumor, including truncal ataxia,
obstructive hydrocephalus due to obliteration of the fourth ventricle, lethargy,
headache, and morning nausea with vomiting.

Medulloblastomas appear as solid masses with variable but often intense
contrast enhancement by CT and magnetic resonance imaging MRI scans
(Figure 3.56). Cerebellar hemispheric examples may be misinterpreted as men-
ingiomas or schwannomas. An important subtype of medulloblastoma is sig-
nified by a nodular pattern on MRI imaging, which is predictive of the subtype
known as medulloblastoma with extensive nodularity (Giangaspero et al.,
1999).

Grading Medulloblastomas

Chemotherapy and particularly radiation therapy have achieved great success
in many cases of medulloblastoma, with survival rates as high 80% in specialized
treatment centers (Packer et al., 1994). However, negative neurocognitive, endo-
crine, and other treatment effects as well as the risk of second malignancies are
disturbingly common in long-term survivors. For these reasons, there has been
heightened awareness of the importance of recognizing subtypes of medulloblas-
toma with differing prognoses, thus raising the possibility that some examples
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could be successfully treated with less toxic therapy (Polkinghorn and Tarbell,

2007). Accordingly, classification methods have been proposed in the effort to
both predict survival based on histological findings and assign less toxic therapy
in cases with favorable histology (Eberhart et al., 2002).

Pathology

Grossly, medulloblastomas are fleshy or variegated tumors with focal hem-
orrhage. Cerebellar hemispheric examples may be more well circumscribed
and firm.

The 2007 WHO classification of brain tumors lists the following types of
medulloblastoma in addition to the classic form: desmoplastic/nodular; medul-
loblastoma with extensive nodularity; anaplastic; and large cell medulloblastoma.

Medulloblastomas of classic histology display the microscopic features of
a primitive, largely undifferentiated neoplasm with densely packed cells
containing nuclei which range from round to polygonal or molded forms
and variable but generally scanty amounts of cytoplasm (Figure 3.57).

Figure 3.56.
Medulloblastoma. A sagittal
T1 contrast enhanced image
shows an enhancing mass
centered in the cerebellar
vermis. The fourth ventricle is
compressed. In young
children, medulloblastomas
tend to be centered in the
midline near the roof of the
fourth ventricle, whereas in
older children and adults,
medulloblastomas often arise
from the cerebellar
hemispheres. On CT images,
greater than 90% of
medulloblastomas have high
attenuation, probably
reflecting hypercellularity or a
high nuclear-to-cytoplasmic
ratio. Atypical teratoid
rhabdoid tumors can have an
identical appearance to
medulloblastomas.
Ependymomas can appear
similar to medulloblastomas,
but tend to be centered on the
floor rather than the roof of
the fourth ventricle.
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Figure 3.57. Classic
medulloblastoma may
contain an admixture of
elements including pale
islands (left) and denser areas
with neuroblastic Homer
Wright rosettes (arrow).
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Neuroblastic Homer Wright rosettes are seen as evidence of neuronal differ-
entiation but are present in less than 40% of cases. Adult medulloblastomas
are believed to show less anaplasia as compared with pediatric examples
(Rodriguez et al., 2007).

Medulloblastomas have undergone extensive characterization by markers

for glial, neuronal, myogenic, and other forms a differentiation. The afore-
mentioned neuronal immunophenotype in the pale islands of the desmo-
plastic/nodular medulloblastoma is important in confirming that variant;
however, these immunohistochemical studies otherwise carry no prognostic
importance.

Immunohistochemistry may confirm the existence of myogenic differentia-
tion as rhabdomyoblasts or even strap cells (medullomyoblastoma) (Helton et al.,
2004), identifiable by immunohistochemistry for desmin, myogenin, fast myosin,
but not smooth muscle actin.

An analogous entity is the melanocytic medulloblastoma (Boesel et al., 1978;
Dolman, 1988), recognizable as focal and otherwise undifferentiated pigmented
cells, which may also show epithelial or tubular differentiation. Such areas are
usually immunopositive for S-100 protein.

Desmoplastic/Nodular Medulloblastoma

This variant of medulloblastoma is characterized by pale islands forming retic-
ulin-free nodules, which are surrounded by more densely packed and prolifer-
ative cells with hyperchromatic and moderately pleomorphic nuclei and the
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dense deposition of concentric and pericellular reticulin (Figure 3.58). The
nodules lack significant mitotic or apoptotic activity and characteristically dem-
onstrate reactivity for neuronal antigens such as synaptophysin and sometimes
display recognizable cytological features of neuronal differentiation. The

Figure 3.58. (a) Desmoplastic
medulloblastoma shows
numerous ‘‘pale island”
consisting of relative
separation of cells, (b)
showing neuronal
differentiation as compared
with intervening regions of
compact, poorly
differentiated cells with
increased proliferative index,
and (c) reticulin deposition.
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Figure 3.58. continued.
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nodular appearance is the most central feature of the desmoplastic/nodular
medulloblastoma, not the reticulin-rich zones.

Immunohistochemistry for the proliferative index will show a distinc-
tive contrast between the perinodular dense areas with increased prolifera-
tion and the relatively nonproliferative pale islands of desmoplastic
medulloblastomas.

Medulloblastoma with Extensive Nodularity

This variant typically occurs in infants and was previously termed
“cerebellar neuroblastoma.” It is characterized by unusually extensive
nodule formation, usually recognizable by neuroimaging (Figure 3.59a,b).
Microscopically, these nodular zones contains small neurocytic cells in a
fibrillary background (Figure 3.59¢) (Giangaspero et al., 1999). Such tumors
may occasionally undergo even further differentiation to include ganglion
cell formation.

Anaplastic Medulloblastoma

As described, medulloblastomas with marked nuclear pleomorphism and
enlargement, nuclear moulding, and wrapping of one cell upon another repre-
sent anaplastic nuclear features in medulloblastomas (Figure 3.60). This variant
also shows increased mitotic and apoptotic activity. Varying degrees of
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anaplasia may be present in the same specimen or worsen with recurrence.

Anaplastic medulloblastomas require diffuse anaplasia to be present in all
low-power microscopic fields. Vascular proliferation is not a pertinent finding
in medulloblastoma and does not carry the same significance as in glial
neoplasms.

Large Cell Medulloblastoma

This variant has a dismal prognosis in comparison with other variants of medul-
loblastoma due to a high incidence of subarachnoid spread, sometimes present
at diagnosis (Figure 3.61). Approximately 2—4% of medulloblastomas will show
a distinctive histologic pattern characterized by sheets of monomorphic cells
with large round vesicular nuclei containing prominent nucleoli and a variable
amount of faint or eosinophilic cytoplasm, more than is seen in frankly ana-
plastic cells in medulloblastoma (Figure 3.62). Coexistence of frank anaplasia
and large cell morphology is common, to the extent that formal recognition
of a combined form has been proposed. MYCC or MYCN amplification is
associated with this subtype and accordingly with aggressive behavior and
poor clinical outcome (Stearns et al., 2006).

Figure 3.59. Medulloblastoma
with extensive nodularity.
MRI images showing mass in
axial section with cystic
component separate from the
4th ventricle (a) T1 with
contrast enhancement and (b)
T2. Images generously
provided by Dr. Patrick
Barnes, Department of
Radiology, Lucile Packard
Children’s Hospital, Palo Alto,
CA. (c¢) Microscopy shows
streaming of “small” cells and
scattered ganglionic
differentiation in a neuropil-
like background.
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Figure 3.59. continued.
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Figure 3.60. Anaplastic
medulloblastoma. Severe
anaplasia is defined as large
cells, as large as three
erythrocyte diameters, with
diminutive cytoplasm,
nuclear molding, nuclear
wrapping, and conspicuous
apoptotic and mitotic
activity.

CNS PRIMITIVE NEUROECTODERMAL TUMOR

This group of tumors includes what was previously termed supratentorial
primitive neuroectodermal tumor but now subsumes this entity, along with
neuroblastoma and ganglioneuroblastoma, ependymoblastoma, and medul-
loepithelioma into this category. These are embryonal tumors with mostly
undifferentiated cells analogous to medulloblastoma, with the potential of
glial, neuronal, myogenic, or melanocytic differentiation. Tumors with only
neuronal differentiation are called CNS neuroblastomas, and when ganglionic
differentiation is present, CNS ganglioneuroblastomas (McLendon et al.,
2007).

Clinical and Radiological Features

These tumors are predominantly found between early infancy and 20 years
of age with a mean of 5.5 years. As in all other brain tumors and medulloblas-
tomas, there is a male predominance. They occur most frequently within the
hemispheres but may also be found in the spinal cord. Accordingly, they present
with seizures or symptoms of rapidly increasing intracranial pressure or in the
case of infants, an abnormal increase in head size (before closure of cranial
sutures begins). Children less than 2 years of age at the time of diagnosis carry
a poorer prognosis and the overall prognosis is worse than that of
medulloblastoma.

Neuroimaging studies show features also analogous to those seen in medul-
loblastoma, namely inhomogeneous to homogeneous bright contrast
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Figure 3.61. Radiographic
image of large cell
medulloblastoma at initial
diagnosis, with extensive
subarachnoid spread seen as
contrast enhancement along
surfaces of the cerebellum and
brainstem.
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enhancement, sometimes cystic or showing evidence of necrosis. More than
50% show calcification.

Pathology

There is no uniform gross appearance to these tumor; however, necrosis or
hemorrhage may frequently be grossly evident. They sometimes show relatively
sharp demarcation between tumor and surrounding brain tissue.

Microscopically, these tumors are formed by primitive or poorly differentiated
cells with increased nuclear cytoplasmic ratio and significant nuclear atypia (Figure
3.63). Neurocytic Homer Wright rosettes may be found. Sometimes a dense
fibrillar background is noted containing cords or palisades of neurocytic cells.

A variety of neuronal, glial, and other epitopes of differentiation may be found
in these tumors but they carry no particular diagnostic or prognostic significance.
Similarly, the measurement of proliferative activity adds nothing to the diagnosis
other than confirming the high proliferative percentage of cells in these tumors.
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MEDULLOEPITHELIOMA

Clinical and Radiological Features
This extremely rare tumor constitutes the most primitive embryonal brain
tumor yet recognized. They generally occur between 6 months and 5 years of age
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Figure 3.63. CNS PNET.

(a) This MRI shows features
of a malignant neoplasm with
inhomogeneous increase in
T2 signal in a large
predominantly occipital lobe
mass.
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even with congenital occurrence, and mostly in the first 2 years of life (Molloy et

al., 1996), They may arise in the supra- or infratentorial compartments but most
commonly in a periventricular location. They may be very large at diagnosis and
thus present with symptoms of severely increased intracranial pressure and
ominously abnormal neurological findings. Neuroimaging characteristics are
variable, usually with variable enhancement and iso- to hypodensity on CT or
T1-weighted MR imaging.

Pathology

The histological appearance of medulloepithelioma bespeaks the primi-
tive nature of this tumor since it recapitulates features of the embryonic
neural tube (Figure 3.64). There is the diagnostically essential combination
of the papillary, tubular, or trabecular arrangement of neuroepithelium,
which is formed by pseudostratified cells. These take residence upon a prom-
inent basement membrane, which stains positively with PAS or antibodies to
collagen type IV.



BRAIN TUMORS

Figure 3.63. continued

(b,c) Histological features are
essentially indistinguishable
from medulloblastoma or
other CNS embryonal
tumors. (d)
Immunohistochemical
analysis of CNS PNETs will
typical disclose both (d) glial
(GFAP) and (e) neuronal
(synaptophysin)
differentiation.

EPENDYMOBLASTOMA

Clinical and Radiological Features
This is a rare embryonal tumor of infants and young children that typically
occur in supratentorial locations, sometimes in the periventricular
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Figure 3.63. continued.

compartment (Liu et al., 1976; Mork and Rubinstein, 1985). Symptoms are
referable to increased intracranial pressure and hydrocephalus. Radiological
features are not separable from those of other supratentorial primitive neuro-
ectodermal tumor (PNETs) (Dorsay et al., 1995).
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Pathology

The gross appearance of an ependymoblastoma is also that of an embryonal
neoplasm, with a notable propensity for subarachnoid spread. The histological
appearance is that of a mitotically active primitive neoplasm with numerous and
multilayered ependymal rosettes (Figure 3.65). These are formed by tumor cells

Figure 3.64.
Medulloepithelioma. This is
the most poorly differentiated
of embryonal neoplasms of
the CNS, resembling the
neuroepithelium of the
embryonic neural tube.

Figure 3.65.
Ependymoblastoma, a
primitive neoplasm with
innumerable true ependymal
rosettes and no perivascular
pseudorosettes which are
characteristic of
ependymomas of all grades.
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Figure 3.66. AT/RT. This
large hemispheric example
shows extreme mass effect,
inhomogeneous contrast
enhancement with probable
hemorrhage and necrosis.
One-third may show CSF
dissemination at diagnosis.
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surrounding a small lumen with cilia or basal bodies at the apical surfaces of the

cells and the nuclei in basal positions.

ATYPICAL TERATOID/RHABDOID TUMOR (AT/RT)

Clinical and Radiological Features

This is an aggressive and highly malignant neoplasm of young children
occurring most often under the age of 3 years and rarely over the age of 6 years
although examples of rare occurrence in adulthood, usually in the hemispheres,
have been reported (Raisanen et al., 2005). Like most pediatric neoplasms, there
is a male predominance. Occurrence before the age of 12 months should
prompt consideration of the rhabdoid tumor predisposition syndrome due to
the germline loss or inactivation of one allele of the INII gene. This tumor
carries a distinctly poor prognosis with a mean survival after surgery generally
less than 1 year.

These tumors occur with somewhat greater frequency in the supratentorial
compartment, in the hemispheres, or sometimes intraventricular in location. In
the posterior fossa, they may appear to arise at the cerebellopontine angle or
brainstem but because of their large size at diagnosis, they may seem to be
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Figure 3.66. continued.

centered predominantly within a cerebellar hemisphere. The AT/RT has a well-

known propensity for subarachnoid spread and this may be noted radiologically
at diagnosis in at least 20% of cases (Hilden et al., 2004; Meyers et al., 2006).
Primary paraspinal occurrence has also been noted.

Clinical signs and symptoms depend upon the age and location of the tumor
but most commonly relate to the rapid increase in intracranial pressure or
obstruction of CSF flow, producing lethargy, vomiting or failure to thrive.
Headache and hemiplegia may be important signs in older children.

CT and MRI show features similar to other embryonal tumors, either of the
posterior fossa or supratentorial compartment (Figure 3.66). They almost
always show some degree of contrast enhancement.

Pathology

The gross appearance of an AT/RT bespeaks the highly malignant nature of
the tumor whereby macroscopic foci of hemorrhage and necrosis may be noted.
The AT/RT is dominated by variable features of a highly malignant embryonal
neoplasm, with regions of necrosis and increased mitotic activity (Figure 3.67).
Portions of the tumor may resemble “ordinary” medulloblastomas or CNS PNETs,
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Figure 3.67. (a, b) Atypical
teratoid rhabdoid tumor
(AT/RT) shows a highly
variable mixture of primitive
neoplastic elements, many of
which do not include any clue
as to the focally rhabdoid
nature of these tumors,

(c) seen in the middle of this
image, surrounded by poorly
differentiated embryonal
histology. (d) Higher power

view of rhabdoid component.
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with sheets of crowded cells bearing markedly increased nuclear—cytoplasmic
ratios and essentially no secondary differentiation. However, the definitional

feature of this neoplasm is the presence of cells with rhabdoid features, consist-
ing of an eosinophilic cytoplasmic body, sometimes seen to gently indent the
nucleus. These and other cells in an AT/RT are enlarged, with spherical vesicular
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Figure 3.67. continued.

nuclei and prominent nucleoli and relatively abundant cytoplasm. Such rhab-
doid inclusions may be highlighted by immunohistochemistry for vimentin.
The ultrastructural appearance of these rhabdoid inclusions is quite distinctive,
consisting of mass of whorled intermediate filaments (Bhattacharjee et al.,
1997). The AT/RT may also show evidence of mesenchymal differentiation in
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Figure 3.67. continued

(e) Immunohistochemistry
for GFAP shows both
immunopositive tumor cells
with clearly associated
atypical nuclei and reactive
astrocytes with inconspicuous
nuclei and slender processes,
a difficult distinction

in certain cases.

(f) Previously, extensive
immunophenotyping was
done to show
neuroectodermal, epithelial,
and mesenchymal elements of
an AT/RT, which has been
supplanted by
immunohistochemistry for
BAF47/SNF5 in which
negative staining in tumor
cells with positive
immunoreactivity for
endothelial cells serving as an
internal control, is diagnostic
of AT/RT.
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the form of spindle cells or a myxoid background, or less commonly epithelial
differentiation, with papillary or glandular formation.

When the AT/RT was first described, a rather extensive battery of immu-
nohistochemical stains was recommended in order to document combined
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Figure 3.67. continued

(g) Electron microscopic
appearance of cytoplasmic
rhabdoid inclusions, an ovoid
aggregate of filaments gently
indenting the nucleus.

neuronal, glial, possible mesenchymal and epithelial differentiation, and by def-
inition no reactivity for germ cell tumor elements (thus the term “teratoid”)
(Rorke et al., 1996). Such a diagnostic approach would typically involve anti-
bodies to neurofilament, GFAP, smooth muscle actin, and EMA, and vimentin
toward highlighting the rhabdoid inclusions. This approach has been superseded
by the availability of an antibody to the INI1 protein whereby its immunohis-
tochemical absence in a suspected AT/RT is diagnostic, along with characteristic
immunopositivity for tumor blood vessels as an internal positive control. Cur-
rent surgical neuropathology dictates that in order to avoid a serious pitfall in
diagnosis, this antibody applied to embryonal tumors of diverse locations in
young children because obvious rhabdoid elements may not be present.
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SCHWANNOMA

Clinical and Radiological Features
Schwannomas account for 8% of intracranial tumors, 85% of cerebellopon-
tine angle masses, and almost one-third of spinal nerve root tumors (Urich and
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Tien, 1998) When symptoms occur, there are usually associated with corre-
sponding cranial neuropathy or spinal radiculopathy, most likely sensory in
nature. Approximately 90% are sporadic and solitary while 4% occur in patients
with neurofibromatosis type 2 (NF2). A roughly equal percentage may be multi-
ple but are unassociated with NF2 (Antinheimo et al., 2000). They occur most
frequently in mid-adulthood with spinal examples more common in women.
Intraparenchymal cerebral schwannomas are associated with a younger age and
male predominance (Casadei et al., 1993). Schwannomas are assigned to WHO
Grade 1.

Most intracranial schwannomas arise in association with the eighth cranial
nerve in the cerebellopontine angle. Bilateral examples are considered diagnos-
tic of NF2. They are otherwise preferentially located in sensory rather than
motor cranial nerves as well as in spinal sensory nerve roots. Intraparenchymal
examples are presumed to be derived from unmyelinated Schwann cells, which
invest the vasa nervorum that serve cerebral blood vessels.

Neuroimaging will reveal a well-circumscribed, sometimes cystic and het-
erogeneously contrast-enhancing mass (Figure 3.68). Vestibular schwannomas
may be associated with enlargement of the internal auditory meatus and bone
erosion.

Pathology

Schwannomas in all locations share a variety of histologic appearances,
dominated by spindle cells forming two basic patterns: compact elongated cells
with occasional nuclear palisading or Verocay bodies (Antoni A pattern) and a
looser pattern with indistinct cell processes and delicate vacuolation (Antoni B

Figure 3.68. Vestibular
schwannoma. An axial T1
MRI with contrast shows a
right cerebellopontine angle
mass. An intensely enhancing
cerebellopontine angle mass,
which extends into the
internal auditory canal and
does not display a dural tail is
very characteristic of a nerve
sheath tumor. The central
area of poorer enhancement
shown here is also common
in the larger schwannomas.
Rarely, an intracanalicular
meningioma, lymphoma, or
metastases could have a
similar imaging appearance.
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Figure 3.69. Schwannomas
are usually recognizable by a
variable admixture of
microscopic appearances:

(a) Dense Antoni A (left) and
relatively hypocellular Antoni
B (right) regions. Note the
characteristic thick-walled
vessels of a schwannoma.

(b) Verocay bodies are closely
aligned aggregates of parallel
nuclei with adjacent anuclear
areas.
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pattern) (Figure 3.69). The nuclei of neoplastic Schwann cells are gently undu-
lating and may show nuclear vacuolation. The ends of the nuclei are classically
described as tapered rather than blunt although a spectrum clearly exists in most
tumors and as an isolated finding carries little discriminatory value. Significant
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nuclear pleomorphism may occur including bizarre large nuclei representing
the so-called ancient schwannoma, thus a feature of an indolent rather than
aggressive tumor. Occasional mitotic figures may be seen.

A highly characteristic feature of schwannomas is thick-walled blood vessels,
sometimes to the point of occlusion of the lumen through the extensive

Figure 3.69. continued

(c) Typical nuclei of a
schwannoma display a
slightly undulated contour
with either tapered or
rounded ends with a slightly
vesicular change imparted by
formalin fixation and paraffin
embedding. (d) In some
schwannoma resections
involving peripheral nerve,
the “parent” nerve may be
seen compressed along the
side of the mass (arrow).
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Figure 3.69. continued

(e) One of the most
distinctive, if not specific,
features of schwannomas is
the thickened vascular walls
with sometimes extreme
hyaline sclerosis, seen here
along with extensive myxoid
degeneration. (f) Marked
nuclear pleomorphism in an
otherwise benign-appearing
schwannoma signifies an
indolent course, thus the term
“ancient change.”
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thickening and hyalinization. Verocay bodies are a highly useful but sometimes
unapparent feature of schwannomas, particularly those of the eighth cranial
nerve. In addition to immunohistochemistry, the reticulin stain will highlight
pericellular reticulin deposition and correspondingly electron microscopy will

reveal the lining of tumor cells by basal lamina.
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Schwannoma cells should be strongly and diffusely immunopositive for S-100
protein, may express Leu-7 and calretinin, and may focally express GFAP. Intra-
lesional axons may be detected in small numbers by neurofilament immuno-

histochemistry, particularly in NF2 or schwannomatosis-associated tumors
(Wechsler et al., 2003).

Figure 3.69. continued

(g) Some schwannomas show
epithelioid features to the
point of essentially lacking the
appearance of a spindle cell
tumor. (h) Unambiguous
S-100 nuclear
immunopositivity is a regular
feature of all but the most
poorly differentiated
schwannoma.
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Figure 3.70. Cellular
schwannoma. Note the
nuclear hyperchomasia and
pleomorphism, and mitotic
activity with a lack of

well-formed Verocay bodies.
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Cellular Schwannoma

The presence of predominantly Antoni A tissue and the nuclear zones of Ver-
ocay bodies yields a hypercellular appearance to this variant (Figure 3.70). They
are more common in paravertebral locations in the pelvis, retroperitoneum, and
mediastinum (Woodruff et al., 1981), although cranial nerves may be involved.
Mitotic activity, although more common than in conventional schwannomas, is
usually less than four per ten high-powered fields and should not be confused
with the usually higher proliferative index seen in malignant peripheral nerve
sheath tumors. Flow cytometry may show abnormalities in ploidy (Casadei et al.,
1995). In spite of these abnormalities, cellular schwannomas should be consid-
ered more closely related to conventional schwannomas as no metastatic examples
have been recorded and they almost never undergo malignant transformation.

Plexiform Schwannoma

These are most frequently encountered as a skin or subcutaneous tumor of an
extremity, heads and neck, or trunk. They are not associated with NF1, have a
low association with NF2, and have also been noted in non-NF2 patients with
multiple schwannomas (schwannomatosis) (Iwashita and Enjoji, 1987). They are
defined as schwannomas growing in a plexiform or multinodular manner, either
with conventional or cellular histological features (Figure 3.71).

Melanotic Schwannoma

Schwannomas are rarely grossly pigmented and are composed of cells having the
ultrastructure and immunophenotype of Schwann cells but containing
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Figure 3.71. Plexiform is a
term that may equally apply
to wormlike masses
comprising a schwannoma.

Figure 3.72. Melanotic
schwannomas may be so
densely pigmented as to
obscure the nature of the
underlying spindle cell
proliferation.

melanosomes and showing immunoreactivity for melanoma markers (Figure
3.72). They may show conspicuous psammomatous calcification. In 50% of such
examples, the patients have the Carney complex, an autosomal dominant disorder
characterized by lentiginous facial pigmentation, cardiac myxoma, and endocrine
abnormalities. Cytological atypia of may be seen, including hyperchromasia and
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macronucleoli. Bleaching of the tissue section prior to immunohistochemistry
may be required in order to plainly reveal the immunophenotype.

NEUROFIBROMA

Clinical Features

Neurofibromas are composed of a mixture of three cell types, including
Schwann cells, perineurial like cells, and fibroblasts. They may be multiple
and present as a plexiform subtype in association with NF1; however, neuro-
fibromas occur most commonly as sporadic solitary nodules. Neurofibromas
correspond to WHO Grade 1.

Neurofibromas occur most commonly as a painless subcutaneous nodule
or circumscribed mass involving a peripheral nerve. They are seen as neuro-
surgical specimens when involving spinal roots but are essentially unknown in
cranial nerves. Multiple or plexiform variants are characteristic of NF1 for
which the presence of two or more of the following signs establishes the
diagnosis:

1. Six or more café au lait macules (1.5 cm or larger in postpubertal
individuals, 0.5 cm or larger in prepubertal individuals).

Two or more neurofibromas of any type or one or more plexiform
neurofibromas.

Freckling of arm pits or groin.

Pilocytic astrocytoma of optic pathway.

Two or more Lisch nodules (iris hamartomas).

Dysplasia/absence of the sphenoid bone or dysplasia/thinning of long
bone cortex.

7. First-degree relative with NF1.

N

AR NS

Pathology

Grossly, cutaneous neurofibromas are nodular or polypoid relatively well-
circumscribed masses involving skin and subcutaneous tissue. Peripheral nerve
neurofibromas are well-circumscribed fusiform masses. Plexiform neurofibromas
are traditionally determined by gross diagnosis, appearing as a multinodular
mass composed of a tangle of wormlike cords.

Neurofibromas exhibit a wide range of microscopic appearances; how-
ever, they tend to include areas composed of well-spaced spindle cells with
ovoid or elongated nuclei and poorly defined cytoplasm (Figure 3.73). There
may be a variable matrix of collagen, sometimes showing a fragmented ap-
pearance reminiscent of “shredded carrots” (Figure 3.72). Mast cells are a
regular feature. There may also be scattered lymphocytic infiltrates. Some exam-
ples contain discrete parallel arrays of spindle cells reminiscent of pressure
receptors, referred to as pseudo-Meissnerian corpuscles. Others may show con-
spicuous and multiple aggregates of spindle cells showing Schwannian
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differentiation, thus allowing the diagnosis of neurofibroma with schwannoma-
like nodules. Neurofibromas may contain numerous atypical nuclei, termed
atypical neurofibroma, or increased cellularity (cellular neurofibroma) although
without significant increase in mitotic activity. Neither of these subtypes has been
shown to carry a worse prognosis.

Figure 3.73. Neurofibromas
show a very wide range of
microscopic appearances
because of their
heterogeneous cellular
composition with variable
amounts of myxoid stroma or
fibrous component, including
(a, b) interspersed small
strands of fibrous tissue
resembling “shredded
carrots,” and (c) pseudo-
Meissnerian corpuscles
recapitulating the appearance
of pressure receptors. Note
the propensity to invade
adipose tissue.

(d) Neurofibroma with
schwannoma-like nodules
represents significant focal
proliferation of Schwann cell
elements, and provides an
instructive contrast between
the characteristic
immunopositivity of
Schwann cell nuclei for

(e) S-100 and

189



NERVOUS SYSTEM

Figure 3.73. continued.
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Immunohistochemistry may reveal that only a subset of cells is S-100
protein positive. CD34 may also be detected. The notion that the presence of
neurofilament-positive fibers within a neurofibroma may help to distinguish
them from schwannomas has been challenged, whereby these may be found in

both examples (Nascimento and Fletcher, 2007).
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Plexiform Neurofibroma

Clinical Features
This is an uncommon but highly characteristic type of neurofibroma
that preferentially involves large nerves. It occurs exclusively in NF1,

Figure 3.73. continued
(f) CD34 positivity for
neurofibroma stromal
elements.
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although there is some debate over this point since rare examples of been
reported in patients lacking other manifestations of NF1(McCarron and
Goldblum, 1998). Plexiform neurofibromas have a propensity for malignant
transformation, estimated to be approximately 10% over a lifetime. They
may develop during the first 1 or 2 years of life as a single subcutaneous
swelling with ill-defined margins. Later in life, they may cause a severe dis-
figurement, sometimes being even life-threatening when occurring in the
head or neck region.

Pathology

These tangled, wormlike masses tend to reflect the degree of complexity in
parent nerves such that highly branched nerves exemplified by paraspinal
plexuses or number of fascicles in large caliber nerves like the sciatic results
in the greatest degree of complexity. The mucin-rich stroma creates a glistening
or translucent quality to the cut surface. The microscopic appearance of plexi-
form neurofibromas does not differ significantly from ordinary neurofibromas
although the low-power examination will often highlight the curled and inter-
secting tumorous nerve bundles.

PERINEURIOMA

Clinical Features

There are two types of perineurioma: intraneural and soft tissue. Both types
are associated with monosomy of chromosome 22. Intraneural perineuriomas
were previously considered a form of hypertrophic neuropathy but are now
recognized is an unusual cause of peripheral nerve sheath enlargement. Intra-
neural perineuriomas present in adolescents or early adulthood and cause pro-
gressive muscle weakness with variable muscle atrophy. Peripheral nerves and
the extremities are more frequently involved although cranial nerve lesions have
been rarely reported.

Soft tissue perineuriomas are not associated with nerves and are also quite
rare. They occur predominately in the adult females with local mass effect
within deep soft tissues. The general prognosis is favorable for perineurio-
mas, although rare instances of malignant transformation have been reported
(Fukunaga, 2001; Hirose et al., 1998; Karaki et al., 1999). Malignant
perineuriomas arising in the soft tissue are usually not associated with a
peripheral nerve.

Pathology
Intraneural perineuriomas cause a segmental enlargement of the affected
nerves by a tubular or fusiform mass resulting in significant enlargement.
Microscopically, they are formed by neoplastic perineurial cells proliferating
throughout the nerve, forming concentric layers or whorls the around nerve
fibers known as pseudo-onion bulbs, and forming vague fascicles (Figure 3.74).
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The proliferative process may extend into the perineurium. Axonal stains may
show one or more axons at the center of the pseudo-onion bulb. Extensive

hyalinization may also occur.
Soft tissue perineuriomas are composed of wavy spindle cells with thin
cytoplasmic processes in layers and embedded in whorls of collagen fibers

Figure 3.74. (a) Intraneural
perineuriomas show
numerous onion bulblike
structures, with

(b) immunopositivity for
EMA in the dominant cellular
component and (c) S-100
positivity within the centers.
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Figure 3.74. continued.

Figure 3.75. Soft tissue
perineuriomas are
spindle-cell tumors,
sometimes with a vague
storiform pattern.
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(Figure 3.75). A storiform pattern may be recognized. Mitotic figures are usually
scant. “Degenerative atypia” represented by pleomorphic or hyperchromatic
nuclei and nuclear cytoplasmic inclusions may be seen in tumors of long dura-
tion (Hornick and Fletcher, 2005). There may be extensive collagenous change,
noted in examples occurring in the fingers of young males (Fetsch and
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Miettinen, 1997). Malignant soft tissue perineuriomas show invasive growth
characterized by hypercellularity, hyperchromasia, and sometimes brisk mitotic
activity, resulting in WHO grade II and if variable necrosis is noted, warrants a
WHO grade of III.

The hallmark of perineuriomas is the characteristic immunoreactivity for
EMA in both normal and neoplastic perineurial cells. Other components of the
lesion may be delineated such as Schwann cells by S-100 immunostaining and
axons by neurofilament or silver impregnation techniques. EMA reactivity is
usually preserved to some extent in malignant examples.

MALIGNANT PERIPHERAL NERVE SHEATH TUMOR

Clinical and Radiological Features

Malignant peripheral nerve sheath tumors (MPNSTs) affect young and
middle-aged adults with a slight female predominance. Pediatric examples
account for 13% of cases in one series (Ducatman et al., 1984). NF1 is associated
with between 50% and 60% of MPNSTs. lonizing radiation, either therapeutic
or through occupational exposure, may contribute to the development of a
MPNST, with a latency following irradiation averaging between 15 and 18 years
with a range of 441 years.

MPNSTs are usually found in large- and medium-sized nervous of the
buttock with the sciatic nerve being the most frequently affected, and in
addition the thigh, brachial plexus, upper arm, and paraspinal nerves (Figure
3.76).

Wide resection is the treatment of choice with postoperative radiation
therapy. Recurrence depends upon the extent of surgical resection. In the
lower extremity and buttock, 40% may recur whereas over two-thirds

recur in paraspinal locations. There is an overall metastatic rate of approx-
imately 30-40% but is high as 65%, particularly in lesions arising in the
lower extremity or buttock (Hruban et al., 1990). Mortality from tumor is

Figure 3.76. Malignant
peripheral nerve sheath
tumor. A contrast-enhanced
axial CT shows a
heterogeneously enhancing
12 cm mass in the greater
sciatic notch, which is
intimately associated with the
sciatic nerve.
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found in approximately two-thirds of patients and the presence of tumor at
the resection margin figure greatly in predicting local recurrence and thus
survival.

Pathology

The gross appearance of an MPNST may suggest that it has arisen in a large
nerve in either a solitary or plexiform neurofibroma. They are globoid or fusi-
form and surrounded by a fibrous pseudocapsule of varying thickness. They
display a firm opaque consistency on cut section with areas of necrosis grossly
recognizable in the majority of cases. Pathologic sampling under ideal circum-
stances should allow for revealing the associated nerve or neurofibroma and the
specimen should be treated with the goal of identifying resection margins.

MPNSTs show a wide diversity of histologic appearances as well as features
that allow for grading. Generally speaking, they show features of a malignant
spindle cell tumor composed of tightly packed cells with variable amounts of
eosinophilic cytoplasm. Nuclei are elongated but in contrast to “benign” nerve
sheath tumors, the nuclei are enlarged, hyperchromatic, and crowded. These
findings may be especially useful in distinguishing a low grade MPNST from a
cellular neurofibroma (Figure 3.77). It should be noted that finding of some
mitotic activity may not be a reliable observation in distinguishing MPNST
from lower grade tumors although the majority of MPNSTs exhibit a high
mitotic index (Figure 3.78). In certain instances, it is possible to recognize a
malignant transition from prior surgical resections or in the primary lesion of a
transformation from a benign nerve sheath tumor such as neurofibroma,
schwannoma, or ganglioneuroma/ganglioneuroblastoma to MPNST.

MPNSTs show histologic patterns reminiscent of fibrosarcoma or even a
malignant fibrous histiocytoma. Pathologic patterns include storiform, loose
whorls, nuclear palisading, perivascular crowding of tumor cells, and myxoid
or edematous backgrounds in some cases. Some lesions may be highly vascu-
lar. And others may show heterologous mesenchymal elements including
rhabdomyoblasts, benign or malignant cartilage and bone, melanotic, carci-
nomatous, or neuroendocrine elements. Areas of geographic necrosis are usu-
ally present and mitotic figures are typically abundant. Direct soft tissue and
intraneural extension is common. Grading criteria are as follows: WHO Grade
II MPNSTs (low-grade MPNST) are distinguished from cellular neurofibro-
mas by increased cellularity, nuclear size greater than three times that of
neurofibroma cells, and hyperchromasia. WHO Grade III examples show a
higher degree of mitotic activity and atypical features, and WHO Grade IV
lesions are those containing necrosis. Approximately 5% of MPNSTs are the
epithelioid variant, which shows no association with NF1 and can arise in
benign schwannomas.

MPNST with mesenchymal differentiation include the so-called malignant Triton
tumor, defined as MPNST with rhabdomyosarcomatous differentiation. It is esti-
mated that 60% of patients with malignant Triton tumor have NF1. MPNST with
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glandular differentiation by definition includes benign glandular epithelium resem-
bling that of the intestine, frequently accompanied by endocrine differentiation.
Judging from the great heterogeneity histologic differentiation and degrees
of malignancy, immunohistochemistry can be of use in excluding entities com-
monly placed on the differential diagnosis of MPNST. Cytokeratin may be seen

Figure 3.77. Low-grade
MPNSTs are characterized by
distinctly increased
cellularity, nuclear size

(>3 of neurofibroma

nuclei), hyperchromasia, and
occasional mitotic activity.
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Figure 3.78. (a) High-grade
MPNSTs are cellular
malignancies with brisk
mitotic activity, with a
plethora of histological
variations and forms of
differentiation including a
herringbone pattern of
growth. (b) The presence of
necrosis, present in the left
portion of this
photomicrograph, allows for
a distinction between WHO
Grads III and IV MPNST.
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in epithelioid or synovial sarcoma and only focally in the glandular variant of
MPNST, along with carcinoembryonic antigen (CEA). Twenty percent of
schwannomas may show GFAP immunopositivity but this is rarely present in
an MPNST although it is negative in other sarcomas. Similarly, S-100 protein is
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present in almost all “benign” nerve sheath tumors and present in approxi-
mately 50-70% of MPNSTs depending on the degree of dedifferentiation.

Aside from the grading of MPNSTSs, histologic subtypes may have a bear-
ing upon prognosis, with the perineurial MPNST being less aggressive and
MPNST with mesenchymal or glandular differentiation showing distinctly
poor prognoses.

TRAUMATIC NEUROMA

Clinical Features

Common clinical circumstances producing traumatic neuromas include
brachial plexus avulsion injury from shoulder dystocia occurring in some
vaginal deliveries, and other forms of either complete transection or crush
injury of nerves, sometimes postsurgically or after seemingly insignificant
trauma.

Pathology

These appear grossly as the firm nodular masses with an associated nerve.
Histologic preparations will often reveal a transition from a relatively intact
nerve to the neuromatous component, which is composed of small nodules
of proliferating Schwann cells in a collagenous matrix (Figure 3.79). Close

inspection will reveal bundles of regenerating axons within the Schwannian
nodules. The stroma may be mucinous. The scarring reaction may include
regional adipose or skeletal muscle tissue.

e W N e TR T e e Figure 3.79. Traumatic
".-'F'-.'g:-.?- -' _?"1"'1'-_—‘ FA ;ﬂ;}t"‘:} DY e neuromas contain distinctive
ot : .t % 00 loose aggregates of

proliferating Schwann cells
intimately associated with
axonal sprouting, in a
variably dense fibrotic
background.
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Clinical and Radiological Features

Meningiomas are defined as meningeal tumors arising from meningo-
thelial arachnoid cells, typically arising at the inner surface of the dura
mater. They show a staggering diversity of locations, growth patterns,
and histologic variations such that in both the neuroanatomical and his-
tological senses they are the great mimicker of many other pathological
entities.

Meningiomas account for approximately 30% of all primary brain tumors
and are thus the single most common “brain” tumor, excluding glioblastoma as
the most common glioma, in persons over the age of 35 years (Claus et al.,
2005). In middle-aged adults, meningiomas are distinctly more common in
females (Longstreth et al., 1993). Spinal meningiomas are also more common
in women (Cohen-Gadol et al., 2003), accounting for almost 90% in some series
among the older patients (Gezen et al., 2000).

Meningiomas are also recognized in childhood and represent the most
common dural or leptomeningeal based neoplasm in this age group. Pediatric
meningiomas may be characterized by large size at diagnosis, cyst formation,
intraparenchymal location and high-grade histology, aggressive behavior,
particularly in the clear cell and papillary variants (Perry and Dehner,
2003; Rushing et al., 2005). Unlike in adults, there is a male predilection in
pediatric meningiomas. Pediatric meningiomas are also within the spectrum
of postirradiation tumors.

Multiple meningiomas are a cardinal feature of NF2 and occur in half of
NE2 patients (Louis et al., 1995). Forty percent of pediatric patients with men-
ingioma have NF2 (Perry and Dehner, 2003).

The vast majority of meningiomas arise in obvious association with the dura
in intracranial, intraspinal, or orbital locations. Intraventricular meningiomas
may occur, arising in the tela choroidea at the base of the choroid plexus. Most
spinal meningiomas are in the thoracic region. Meningiomas have also been
reported in nonneural tissue such as the lung (Maiorana et al., 1996; Picquet
et al., 2005; van der Meijj et al., 2005) and temporal bone (Kuzeyli et al., 1996;
Marcelissen et al, 2008; O’Reilly et al., 1998).

Radiographically, meningiomas typically are well-circumscribed dural-
based masses with homogeneous contrast enhancement (Figure 3.80). A small
tapering portion at the edge is often referred to as the “dural tail.” A cystic
component is not uncommon.

Pathology

The gross pathology of meningiomas reflects their usually discrete globular
appearance in association with dura. An en plaque variant, usually found over
the sphenoid wing, is a flattened mass without formation of the usual globular
mass. The external surface of most meningiomas is cobblestoned or bosselated
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Figure 3.80. (a) An axial T1
contrast-enhanced MRI study
shows a homogeneously
enhancing extracerebral mass
compressing the frontal lobe.
The mass displays dural tails,
which are suggestive, but not
diagnostic of meningioma.
Conversely, they are not often
seen in pediatric
meningiomas. A dural blood
vessel is seen supplying the
core of the meningioma; pial
vessels typically supply the
surface of meningiomas.
Visualization of cortical
vessels interposed between
meningioma and brain
parenchyma can help localize
meningiomas to the
extraaxial space. (b) A
coronal T1 contrast-enhanced
MRI in a different patient
shows similar homogeneous
enhancement in a mass
centered within the middle
cranial fossa, extending into
the cavernous sinus and
encircling the carotid artery.
Meningiomas tend to cause
narrowing of the cavernous
carotid artery whereas
pituitary adenomas do not.
Meningiomas can be difficult
to distinguish by
neuroimaging from
metastases, from pituitary
adenomas in the sellar region,
and from schwannomas in
the cerebellopontine angle or
spinal roots.
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and may be appreciated in cut section as well. Fibrous meningiomas are known
to be exceptionally smooth and well demarcated. Lipidic or xanthomatous
change may be signified by a yellow—orange color. Secretory meningiomas
may have a glistening mucoid cut surface. An unusual form of meningothelial
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cell proliferation is represented by meningioangiomatosis, a lesion of presumed
hamartomatous origin that is commonly associated with seizures, with a male
predominance. It occasionally occurs combined with meningioma. It is recog-
nized as a plaquelike firm cerebral mass, most often involving the temporal and
frontal lobes. The microscopic pathology includes a wide spectrum of changes,
but the essential features are intracortical and leptomeningeal collections of
small blood vessels with perivascular spindle cells (Figure 3.81), and varying
degrees of gliosis, hyalinization, and calcification. Entrapped neurons may show
unusual changes, including granulovacuolar degeneration and neurofibrillary
tangles (Perry et al., 2005).

Immunohistochemistry

The standard immunohistochemical marker in meningioma is EMA,
present in the vast majority of meningiomas (Schnitt and Vogel,
1986). However, EMA immunoreactivity is less consistent in atypical and
malignant forms. The characteristic intermediate filament of meningiomas is
vimentin, which is a reliable if not entirely discriminatory marker in all
meningiomas. S-100 protein may be present focally and in a cytoplasmic
staining pattern without classic nuclear positivity in approximately 40% of
meningiomas. As noted below, CEA shows the cytoplasmic inclusions in
secretory meningiomas.
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One study indicates that p63 may be used to distinguish characteristically
immunonegative WHO Grade I meningiomas from often p63-positive WHO
Grades II and III meningiomas (Rushing et al., 2008).

Proliferative Indices in Meningiomas

Just as gliomas show a progression in grade closely linked to their proliferative
indices, the mitotic index in meningiomas is related to the risk of recurrence
and invasion or even metastatic spread. Mitotic figures are rare, meaning far less
than one per ten high-powered fields in WHO Grade 1 examples, average
approximately five per ten high-powered fields in atypical meningiomas and
approximately nineteen per ten high-powered fields in malignant meningiomas
(Hsu et al., 1994). The MIB-1 proliferative index is also useful with average
percentages of 3.8%, 7.2%, and 14.7% in benign, atypical, and anaplastic men-
ingiomas, respectively (Maier et al., 1997).

The challenge for the diagnostic pathologist is in identifying examples of
“benign” meningiomas with an increased propensity for recurrence, since as
a group there is a recurrence rate of 7-25%. A meningioma without diag-
nostic features of atypicality (WHO Grade II) but with a proliferative index
of greater than 4% may be designated as a meningioma with increased pro-
liferative potential and thus signifying a need for close clinical follow-up. The
absence of progesterone receptors has also been linked with poor outcome
along with a high mitotic index and malignant grade (Perry et al., 1999).

Some studies suggest that meningiomas associated with NF2 have a higher
mitotic index and more aggressive behavior than sporadic meningiomas
(Antinheimo et al., 1997; Perry et al., 2001).

WHO GRADE I
Meningothelial

This is the most common and classic variant of meningioma. Cells form
lobules or swirling fascicles of cells in a syncytial background, in which cell
borders cannot be discerned, but rather the background exists as a delicate
interwoven web of cellular processes (Figure 3.82). Whorls of varying size are
usually identifiable. These specimens show the classic nuclear features of men-
ingiomas, which may be seen in other types as well, namely ovoid nuclei with
optically empty nuclear pseudoinclusions. Multinucleation or nuclear “degen-
erative” atypia may be seen in WHO Grade I meningiomas (Figure 3.83).

Some meningiomas may lack conspicuous whorls, and when collagen bands
and “staghorn” vessels are noted may raise suspicion for solitary fibrous tumor/
hemangiopericytoma (Figure 3.84) (page 206). Immunohistochemical demonstra-
tion of EMA in the former and CD34 in the latter should clarify the distinction.
Most meningiomas represent the opportunity to use cytological preparations for
intraoperative consultation, either as a squash preparation or particularly the
touch preparation in displaying meningothelial whorls (Figure 3.85).
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Figure 3.82. Meningothelial
meningioma, representing the
most classic appearance of
meningiomas, with whorls,
intranuclear inclusions, and a
syncytial background.

Figure 3.83. Some otherwise
completely benign
meningiomas may show
nuclear pleomorphism or
multinucleate cells, which
should not be misinterpreted
as signifying potentially
aggressive behavior.
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Fibrous (Fibroblastic)

The fibrous meningioma shows broad fascicles of elongated spindle
cells with variable amounts of intercellular collagen deposition (Figure
3.86). Classical whorls may be inconspicuous. Mineralization of the collagen
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Figure 3.84.
Hemangiopericytoma-like
meningioma.

Figure 3.85. Squash
preparations are often clearly
diagnostic of meningiomas
because of the presence of
cellular whorls that readily
exfoliate.
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bands may be present. Psammoma bodies are rare. Immunohisto-
chemical staining for epithelial membrane (EMA) may be weak. These
tumors may be difficult to distinguish from schwannoma or solitary fibrous
tumor.
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Figure 3.86. (a) Fibrous
(fibroblastic) meningiomas
may closely mimic other
spindle cell tumors, (b) but
EMA immunopositivity
provides diagnostic support.
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Transitional (Mixed)

The transitional meningioma combines mixed elements of different subtypes,
most commonly the meningothelial and fibrous types (Figure 3.87). Whorls and
psammoma bodies may be readily found.
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Figure 3.87. Transitional
(mixed) meningiomas
contain elements of both
meningothelial and fibrous
meningioma.

Figure 3.88. Psammomatous

meningioma.
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Psammomatous

The psammomatous meningioma shows innumerable and often back-
to-back psammoma bodies, defined as concentric laminated calcified structures
(Figure 3.88). The density of psammomatous meningiomas for these structures
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may even obscure recognition of the meningothelial cells. These may be more
common among intraspinal meningiomas and in the olfactory grooves.

Angiomatous

These meningiomas contain conspicuous vascular elements, often dominated
by ectatic vessels and with frequent hyaline change. Features of microcystic
meningioma are frequently coexistent in these tumors.

Microcystic

The microcystic meningioma displays mucin-containing microcysts of varying
sizes along with vacuolated cells and sometimes xanthomatous cells with scat-
tered pleomorphic nuclei and hyalinized blood vessels (Figure 3.89). This type
of meningioma may lack classic meningothelial features although careful micro-
scopic scrutiny of the entire specimen will often reveal small foci of ordinary
meningothelial meningioma.

Secretory

The secretory meningioma more closely resembles the meningothelial or
transitional types but contains the distinctive feature of discrete eosino-
philic and strongly PAS-positive cytoplasmic inclusions (Figure 3.90).
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Figure 3.90. (a) The secretory
meningioma contains
vacuoles of varying sizes with
eosinophilic material that is
both CEA and (b) EMA
immunopositive.
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These are typically strongly immunopositive for EMA and CEA. At the ultra-
structural level these intracytoplasmic inclusions are seen to be microvilli-
lined spaces with proteinaceous contents. The secretory meningioma is
a subtype that is recognized as more frequently infiltrated by mast cells
(Tirakotai et al., 2006).
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Figure 3.91. This unusual
example of a meningioma
contains a prominent plasma
cell infiltrate in which
many of the cells show a
crystalline aggregation of
intracytoplasmic
immunoglobulin analogous
to that of Mott cells seen in
other lesions with plasma
cells.

Lymphoplasmacyte-Rich

These extremely rare tumors may show massive infiltration by lymphocytes and
plasma cells, often with Russell bodies (Figure 3.91). Some putative examples
may in fact represent primary inflammatory lesions, including plasma cell
granuloma or Rosai—-Dorfman disease. The lymphocytic infiltrate may be so
extensive as to obscure the underlying meningothelial proliferation. Immuno-
histochemistry for EMA may be of limited usefulness since plasma cells are also
EMA-immunopositive.

Metaplastic

Metaplastic meningiomas are recognized by the WHO as those with widespread
mesenchymal components, which may include bony, cartilaginous, lipomatous,
myxoid, sclerosing (Figure 3.92), or xanthomatous changes, individually or in
combination.

WHO GRADE II
Chordoid

These are typically large, supratentorial tumors with an increased rate of recur-
rence, thus the WHO Grade II assignment. An infrequent association with
Castleman’s disease has been cited (Kepes et al., 1988). Chordoid meningiomas
show ribbons or trabeculae of cells, often vacuolated, in an abundant mucoid
matrix background (Figure 3.93). Careful inspection of these lesions may show
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Figure 3.92. Examples of
metaplastic meningiomas
include (a) myxoid and

(b) sclerosing meningioma.

more typical meningothelial elements. Mononuclear inflammatory cell infil-
trates may be focally prominent. Immunohistochemistry for EMA may be used

to distinguish these from actual chordomas, which are typically EMA -negative

and diffusely S-100-immunopositive.
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Clear Cell

The clear cell meningioma is more common at the cerebellopontine angle and
cauda equina. It has been reported more frequently in pediatric and young adult
patients. Because of a tendency for aggressive behavior and occasional CSF
dissemination, this tumor is assigned to WHO Grade II.

Figure 3.93. Chordoid
meningiomas have been
described in two forms,
including (a) the usual
appearance of ribbons of cells
closely resembling the pattern
of chordomas and (b) a form
with prominent spindle-cell
formation.
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Figure 3.94. (a) Clear cell
meningiomas often lack any
hint of obvious
meningothelial
differentiation, with clear cells
often distributed between
strands of collagen. (b) EMA
immunopositivity can be a
valuable observation in
excluding other clear cell
tumors of the CNS.

Histologically, this type of meningioma may be especially difficult to recognize
as a meningothelial tumor because of the patternless array of clear cells in a
collagenous background (Figure 3.94). Cells are typically glycogen-rich and thus
PAS-positive. Whorl formation and psammoma bodies are essentially nonexistent.

214



BRAIN TUMORS

Atypical

Meningiomas, which otherwise lack clear cell or chordoid designations, may be
assigned a WHO grade of II if certain histologic features are noted either
singly or in combination. A mitotic count of four to twenty mitotic figures

Figure 3.95. The
determination of true brain
invasion is important toward
diagnosing WHO Grade 1T
meningioma, and can be
aided by immunostaining of
brain tissue in the section for
GFAP. (a) Some WHO Grade
I meningiomas show pushing
pattern upon adjacent brain
by nodules of tumor.

(b) highlighted by GFAP
immunostaining.

215



NERVOUS SYSTEM

Figure 3.95. continued
(¢) True brain invasion is seen |
as individual meningioma cell
invasion into brain
parenchyme, (d) also
demonstrated by GFAP
immunohistochemistry.
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per ten high-powered fields is diagnostic of atypical WHO Grade II men-
ingioma. The method in counting the mitotic figures should involve finding
the ten consecutive high-powered fields with the highest number of mitotic
figures.

216



BRAIN TUMORS

Figure 3.96. Patternless
pattern in atypical
meningioma.

Brain invasion is also diagnostic of WHO Grade II meningioma. Rarely, men-
ingioma infiltrates brain as small aggregates or single cells. This diagnosis may be
aided by the use of GFAP immunohistochemistry, which highlights brain tissue,
occasionally entrapped between the fingers or lobules of infiltrating meningioma

(Figure 3.95). The presence of at least three of the following histological features will
also suffice to diagnose atypical WHO Grade II meningioma: sheeting architecture
or patternless pattern (Figure 3.96), hypercellularity, macronucleoli, and small cell
formation, and spontaneous or “geographic” necrosis, unlike that seen as a con-
sequence of tumor embolization (Figure 3.97).

WHO GRADE III
Papillary

This rare type of meningioma tends to occur in the pediatric age group and
has a marked tendency for recurrence. Local brain invasion, remote meta-
stases to the lung, and death due to disease are unusually prominent features
of this type of meningioma. For these reasons, they are designated as
WHO Grade III. The histological pattern consists of a perivascular pseudo-
papillary arrangement of cells, which may not be clearly recognizable as
meningothelial in origin (Figure 3.98). Immunohistochemical detection of
EMA or electron microscopy may be helpful in confirming the diagnosis
(Al-Sarraj et al., 2001) by demonstrating the characteristic ultrastructural
markers of meningioma: interdigitating cell processes, desmosomes, and
intermediate filaments.
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Figure 3.97. Embolization of
meningiomas results in
clearly recognizable
intravascular foreign
material. Resulting necrosis
should not be considered
spontaneous as this is one
feature of some atypical
meningiomas.

Figure 3.98. Papillary
meningioma, WHO
Grade III.
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Rhabdoid

Rhabdoid meningiomas are also uncommon and are known for frequent recur-
rence and an aggressive clinical course, prompting the WHO grade of III (Perry
et al., 1998). Rhabdoid cells are present, defined as plump cells with eccentric
displacement of the nuclei by eosinophilic cytoplasmic masses (Figure 3.99).
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Careful scrutiny of some meningiomas may show small foci of rhabdoid cells. In
the context of an otherwise WHO Grade I meningioma, the significance of this
differentiation is unknown although retrospective analysis of recurrent rhab-

doid meningiomas showed minor or unapparent rhabdoid elements in the
primary specimens.

Figure 3.99. (a) Rhabdoid
meningioma, in which
rhabdoid features may be
focal, but are usually
accompanied by other
atypical features.

(b) Immunohistochemistry
for vimentin, the
characteristic intermediate
filament of meningiomas,
may highlight rhabdoid cells.
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Figure 3.100. (a) Anaplastic
(malignant) meningiomas are
sometimes not easily
recognizable as meningiomas
because of carcinomatous or
sarcomatous differentiation,
(b) with a significant number
of mitotic figures.
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Anaplastic Meningioma

In addition to the papillary and rhabdoid types of WHO Grade III menin-
giomas, those with greater than twenty mitotic figures per ten high-powered
fields or significant loss of meningothelial differentiation accompanied by
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frank evidence of carcinomatous, sarcomatous, or malignant melanocytic
differentiation are malignant, WHO grade III lesions (Figure 3.100) (Perry
et al., 1999).
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MALIGNANT LYMPHOMAS

Clinical and Radiological Features

Malignant lymphomas may occur in the brain either as primary CNS lym-
phoma (PCNSL) or in the setting of systemic lymphoma. The incidence of PCNSL
has risen dramatically in recent decades, mostly in males and at least in part
attributable to the spread of acquired immunodeficiency syndrome (AIDS) (Cote
et al., 1996) as well as immunocompromise due to organ transplantation
but also as a more common diagnosis in the older population. In the context
of immunodeficiency, Epstein—Barr virus (EBV) is associated with essentially all
PCNSLs.

T-cell lymphomas are reportedly more common in some Asian countries, with
the proportion of T-cell lymphomas of the CNS (T-CNSL) over 16% in Korea (Choi
et al., 2003) and above 8% in Japan (Bataille et al., 2000). The reasons for these
discrepancies remain unknown. The majority of T-CNSL arise in immunocompe-
tent individuals (Louis and International Agency for Research on Cancer, 2007).

A variety of symptoms are associated with PCNSL, usually beginning with
focal neurologic deficits or signs of increased intracranial pressure. The duration
of symptoms vary widely but averages a few months prior to diagnosis.
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Transplant associated PCNSL occurs with an interval averaging between
2 and 3 years after transplantation (Penn and Porat, 1995). Ocular uveal exam-
ples may precede the later development of PCNSL (Akpek et al., 1999).

PCNSL occurs more commonly in the supratentorial compartment and has
a distinct propensity for periventricular growth. Multiple lymphomas occur in
25-50% of the cases, which is particularly common in patients with AIDS.
Bilateral and symmetric spread is typical. Meningeal spread or involvement of
the venous sinuses of the dura may also be seen, and examples of primary
leptomeningeal lymphoma are also noted (Shenkier, 2005); however these loca-
tions may indicate intracranial involvement of systemic lymphoma, particularly
when no parenchymal lesions are noted.

An important form of CNS lymphoma is in the form of intravascular dis-
semination, or intravascular lymphomatosis, with little to no parenchymal
spread but consequences attributable to microvascular occlusion.

PCNSLs appear as isodense to hyperintense lesions in T2-weighted MRI
studies and are strongly enhancing with contrast media (Figure 3.101). PCNSL
may also present as a ring-enhancing lesion, resembling high-grade glial neo-
plasms or in the context of AIDS, a toxoplasmosis abscess, sometimes even as
a coexistent process (Stenzel et al., 2004). As discussed below, treatment
with steroids may induce rapid lysis and radiographic disappearance of the
tumor.

Pathology

B-Cell Lymphomas The vast majority of CNS lymphomas are classified as
diffuse large B-cell lymphomas. Only approximately 2-3% of CNS lympho-
mas are thought to be T-cell derived although this may reflect their under-
recognition (Dulai et al., 2008). The most common pattern is the angiocentric
proliferation of neoplastic lymphocytes although single-cell infiltration may
also be seen (Figure 3.102). The blastic cells are typically characterized by large
nuclei with distinct nucleoli. It may be confusing at the cytological level when
a mixed population of lymphocytes is present, occasionally including a large
component of reactive CD4- or CD8-positive T lymphocytes. The perivascu-
lar arrangement of cells results in the deposition of concentric bands of
reticulin, which is highlighted with the corresponding stain. When necrosis
is present, there is usually perivascular preservation of intact lymphoma cells.
Reactive astrocytes and microglial activation may be common.

The neoplastic B-lymphocytes usually express pan-B—cell markers such as
CD 20, CD19, and CD 79a. Immunohistochemistry also carries the advantage of
highlighting the enlarged atypical B cells in a background of sometimes more
numerous benign T cells, and the same phenomenon may be demonstrated with
Ki-67 immunolabeling.

The effect of prior corticosteroid therapy may be dramatic both in radio-
logically evident shrinkage to virtual disappearance of the tumor or tumors, but
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Figure 3.101. Primary CNS
lymphoma. (a) An axial T1
contrast-enhanced MR image
shows intense homogeneous
enhancement of masses
adjacent to the left frontal
horn and right atria. (b) An
axial T2 MR image shows that
the masses have relatively low
signal compared to the cortex
and extensive surrounding
vasogenic edema. The
relatively low signal on
T2-weighted MR images is
likely related to the high
nuclear to cytoplasmic ratio
of lymphoma. As illustrated
by this case, primary CNS
lymphoma often involves the
basal ganglia and
periventricular white matter.
In immunocompetent
patients, lymphoma typically
displays intense homogeneous
enhancement (a), whereas in
immunocompromised
patients, there is often ring
enhancement. The areas of
poor central enhancement in
immunocompromised
patients correspond to areas
of necrosis.
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also in the histologic appearance of the biopsy sample. All that may remain are
large numbers of macrophages, reactive astrocytes, reactive nonneoplastic lym-
phocytes, and if residual neoplastic B cells exist in the specimen, they may be
detected by anti-B—cell markers (Figure 3.103). Cellular lysis and necrosis of
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neoplastic B cells may lead to a residuum of CD20 positivity as strong
but circumstantial evidence of the recent presence of viable tumor cells in a

manner analogous to that which has been described in nodal lymphoma
(Figure 3.104).

Figure 3.102. Primary CNS
B-cell lymphoma,
demonstrating

(a) a malignant neoplasm
with the tendency for necrosis
that spares perivascular
infiltrates. (b) Lymphomas
may also mimic infiltrating
gliomas.
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Figure 3.102. continued

(c) A squash preparation will
reveal monotonous and
dyscohesive neoplastic
lymphocytes. Note the
presence of scattered
macrophages, which may be
seen in lymphomas partially
treated with corticosteroids.
(d) Immunohistochemistry
for CD20 will highlight the
neoplastic B cells, and (e) a
photomicrograph of the same
field stained with anti-CD3
will show a sometimes
prominent reactive T-cell
infiltrate.
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Much less frequently, low-grade histology may be present including that of
lymphoplasmacytic lymphoma. Another distinctive manifestation of B-cell lym-
phoma is as a marginal zone B-cell lymphoma analogous to the lymphomas of
the mucosa-associated lymphoid tissue (MALT) type. These typically present as
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Figure 3.102. continued.

Figure 3.103. (a)
Lymphomas undergoing
recent exposure to
corticosteroid therapy will
reflect ongoing lysis of
neoplastic B cells, leaving
macrophages, activated
microglia and astrocytes, and
reactive T cells.

a dural-based mass mimicking meningioma (Tu et al., 2005). The cytological
features are those of a low-grade lymphoma with small lymphocytes, some
bearing irregular nuclei and variable plasmacytic differentiation. These tumors
may contain foci of follicular differentiation as well as large deposits of amyloid.
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Figure 3.103. continued

(b) Some areas with extensive
necrosis will nevertheless
show (c) preservation of
concentric perivascular bands
of reticulin, which is
characteristic of CNS
lymphomas.

Plasmacytomas may involve cranial bone or meninges as an unusual man-
ifestation of multiple myeloma but the extraosseous form typically manifests as
nodular or plaquelike dural mass, capable of regional brain invasion (Figure
3.105) (Patriarca et al., 2001; Schluterman et al., 2004).
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Intravascular (angiotropic) B-cell lymphoma often manifests as a rapidly
progressive change in mental status with dementia and multifocal neurological
deficits (Chapin et al., 1995; Liszka et al., 1994). The presence of single or small
clusters of intravascular, neoplastic lymphocytes, typically in small- and
medium-sized vessels, may be very subtle but highlighted with antibodies to
B cell markers (Figure 3.106) (Ponzoni and Ferreri, 2006).

Figure 3.104. (a) An example
of steroid-treated primary
CNS B-cell lymphoma, with
(b) preservation of specific
B-cell CD20
immunoreactivity,

(c) confirmed by a lack of
staining for the necrotic
B-cells and identification of
remaining reactive T-cells
with anti-CD3.
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Figure 3.104. continued.
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A number of other B-cell lymphomas or preneoplastic lymphoproliferative
lesions have been described in the brain. Lymphomas include follicular lym-
phoma (Beriwal et al., 2003), Burkitt’s lymphoma (Monabati et al., 2002), and
precursor B-cell lymphoblastic lymphoma (Abla et al., 2004).

Lymphomatoid granulomatosis is almost always seen with concurrent pul-
monary involvement, and presents with multifocal punctate or linear lesions
(Figure 3.107a) (Patsalides et al., 2005; Tateishi et al., 2001). The condition
is often seen in the context of immunodeficiency and is strongly associated
with EBV infection (Mizuno et al., 2003). The histologic features consist of a
mixed inflammatory infiltrate with atypical B cells (Figure 3.107b), which are
positive for EBV, preferably demonstrated by in situ hybridization, or by
immunohistochemistry.

A separate EBV—driven process is posttransplant lymphoproliferative disease
(PTLD) in which lesions represent a spectrum ranging from polyclonal lym-
phoid populations to malignant lymphoma. These are categorized into early
forms and as reactive plasmacytic hyperplasia, then to polymorphic PTLD,
monomorphic PTLD of both B-cell and T-cell origins and Hodgkin lymphoma
or a Hodgkin lymphoma-like PTLD (Harris et al., 2001). The onset of symp-
toms may be as early as 3 months after transplant to several years with a mean of
31 months (Castellano-Sanchez et al., 2004).

T-Cell Lymphoma T-cell lymphomas may occur as solitary or multiple brain
masses and are apparently more common in males although large series do not
exist because of the apparent rarity of the disorder. In most respects, they share
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Figure 3.105. Plasmacytoma.
(a) An axial CT-contrast-
enhanced image shows a
purely lytic central skull base
mass with non-sclerotic
margins. (b) On T1 contrast-
enhanced MR, the mass
displays homogenous
enhancement.
Plasmacytomas are generally
purely lytic on CT images and
have relatively low signal on
T2 MR. The purely lytic
nature of plasmacytomas is
thought to be because they
secrete osteoclast stimulating
factor. Skull base metastasis,
nasopharyngeal carcinoma,
and intraosseous
meningiomas are masses that
could have a similar
appearance on imaging.
Chordomas and
chondrosarcomas occur in
this location, but can usually
be distinguished from
plasmacytomas based on their
lower attenuation on CT
images and higher
attenuation on T2 MR
images. The relatively high
attenuation on CT and low
signal on T2 MR of
plasmacytomas is thought to
reflect their high cellularity.
Imaging is important in
making the clinically
important distinction
between a single plasma cell-
containing mass
(plasmacytoma) and multiple
lesions, which if present,
would constitute multiple
myeloma.

231



NERVOUS SYSTEM

Figure 3.105. continued

(c) Typical microscopic
appearance of plasmacytoma,
with sheets of monotonous or
mildly pleomorphic cells with
plasmacytoid features.

Figure 3.106. (a) MRI
showing multifocal contrast-
enhancing lesions signifying
intravascular B-cell
lymphoma.
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features with primary CNS B-cell lymphomas (Shenkier et al., 2005). Some cases
may exhibit histologic features either suggestive of a reactive T-cell infiltrate or
possibly a T-cell-rich B-cell lymphoma (Dulai et al., 2008). Molecular studies
indicating clonal populations may be of particular importance in distinguishing
these entities (Liu et al., 2003).
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Anaplastic Large Cell Lymphoma This neoplasm is characterized by
large atypical CD30-positive cells mostly of T-cell origin (Figure 3.108). Some

tumors may be anaplastic lymphoma kinase (ALK 1) positive (George et al.,
2003).

Figure 3.106. continued
(b) H&E and

(c) CD20-stained
intravascular B-cell
lymphoma.
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Figure 3.107.

(a) Lymphomatoid
granulomatosis. A sagittal
T1-weighted MR image
shows numerous enhancing
cerebral nodules with
surrounding edema. The
majority of nodules are
within the gray matter or at
the gray—white matter
junction. Some of the nodules
may be associated with
hemorrhage or
mineralization. The
enhancement pattern
reported with lymphomatoid
granulomatosis is quite
variable and includes
leptomeningeal, perivascular,
cranial nerve, gray matter and
white matter.

(b) Lymphomatoid
granulomatosis, with a mixed
perivascular and parenchymal
inflammatory infiltrate,
characteristically immuno-
hybridization or in situ
hybridization positive for
EBV, with a vague
perivascular granulomatous
morphology.
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Hodgkin Disease CNS involvement, often dural or leptomeningeal-based
(Deckert-Schluter et al., 1998), typically occurs late in the course of the disease.
There are exceptional examples of primary intraparenchymal CNS Hodgkin
disease (Herrlinger et al., 2000) Diagnosis requires the identification of Reed—
Sternberg cells.
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Figure 3.108. (a) Anaplastic
large cell lymphoma is a
poorly differentiated
neoplasm of heterogeneous
elements, with
immunophenotyping
showing (b) CD30 positivity
and (c) numerous atypical
T-cells with anti-CD3.
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ROSAI-DORFMAN DISEASE

This lesion most commonly affects young adults, but all ages may be affected.
Extranodal CNS involvement may be seen with or without concomitant lymph
node involvement in the meninges as a mass lesion mimicking meningioma, or

235



NERVOUS SYSTEM

Figure 3.108. continued.

Figure 3.109.

Rosai-Dorfman disease,
composed of a
lymphoplasmacytic
proliferation with prominent
aggregates of histiocytes,
often multinucleated and
showing emperipolesis:
intracytoplasmic lymphocytes
in histiocyte,
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rarely in the sellar region or the brain parenchyma (Andriko et al., 2001; Juric
et al., 2003). Excision is usually curative.

The histopathology of Rosai-Dorfman disease is that of a lympho-
plasmacytic proliferation with prominent aggregates of histiocytes, often multi-
nucleated (Figure 3.109). The phenomenon of emperipolesis may be seen
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Figure 3.109. continued
(b) highlighted by S-100
immunohistochemistry.

consisting of intracytoplasmic lymphocytes in histiocytes. The histiocytes are
S-100 protein immunopositive, which aids in distinguishing this from other
lymphohistiocytic lesions.

CNS INVOLVEMENT BY LEUKEMIA

Before the advent of now well-established protocols for chemotherapy in leu-
kemia, involvement of the CNS was common in approximately 70% of patients
with acute lymphocytic leukemia and approximately 50% of patients with acute
myelogenous leukemia. Intracranial leukemia exists as a diffuse meningeal infil-
trate or as a mass lesion. They are usually hyperdense by neuroimaging. One
distinctive entity is granulocytic sarcoma, also known as extramedullary myeloid
tumor or chloroma because of the green color historically associated with the
gross specimen. These most often involves the dura with the capability of brain
invasion (Barnett and Zussman, 1986).

Histologically, they are composed of myeloblasts and neutrophils and neu-
trophil precursors. In imprints, the myeloblasts and neutrophils are positive for
myeloperoxidase (Harris, 2001).

REFERENCES

Abla O, Nagvi A, Ye C, Bhattacharjee R, Shago M, Abdelhaleem M, et al. Leptome-
ningeal precursor B-cell lymphoblastic lymphoma in a child with minimal bone
marrow involvement. | Pediatr Hematol Oncol 2004; 26: 469—-72.

237



NERVOUS SYSTEM

238

Akpek EK, Ahmed I, Hochberg FH, Soheilian M, Dryja TP, Jakobiec FA, et al. Intra-
ocular-central nervous system lymphoma: clinical features, diagnosis, and out-
comes. Ophthalmology 1999; 106: 1805—-10.

Andriko JA, Morrison A, Colegial CH, Davis BJ, Jones RV. Rosai-Dorfman disease
isolated to the central nervous system: a report of 11 cases. Mod Pathol 2001;
14: 172-8.

Barnett MJ, Zussman WV. Granulocytic sarcoma of the brain: a case report and review
of the literature. Radiology 1986; 160: 223-5.

Bataille B, Delwail V, Menet E, Vandermarcq P, Ingrand P, Wager M, et al. Primary
intracerebral malignant lymphoma: report of 248 cases. ] Neurosurg 2000; 92: 261-6.

Beriwal S, Hou JS, Miyamoto C, Garcia-Young JA. Primary dural low grade BCL-2
negative follicular lymphoma: a case report. J Neurooncol 2003; 61: 23-5.

Castellano-Sanchez AA, Li S, Qian J, Lagoo A, Weir E, Brat D]. Primary central nervous
system posttransplant lymphoproliferative disorders. Am J Clin Pathol 2004; 121:
246-53.

Chapin JE, Davis LE, Kornfeld M, Mandler RN. Neurologic manifestations of intra-
vascular lymphomatosis. Acta Neurol Scand 1995; 91: 494-9.

Choi JS, Nam DH, Ko YH, Seo JW, Choi YL, Suh YL, et al. Primary central nervous
system lymphoma in Korea: comparison of B- and T-cell lymphomas. Am J Surg
Pathol 2003; 27: 919-28.

Cote TR, Manns A, Hardy CR, Yellin FJ, Hartge P. Epidemiology of brain lymphoma
among people with or without acquired immunodeficiency syndrome. AIDS/
Cancer Study Group. J Natl Cancer Inst 1996; 88: 675-9.

Deckert-Schluter M, Marek J, Setlik M, Markova ], Pakos E, Fischer R, et al. Primary
manifestation of Hodgkin’s disease in the central nervous system. Virchows Arch
1998; 432: 477-81.

Dulai MS, Park CY, Howell WD, Smyth LT, Desai M, Carter DM, et al. CNS T-cell
lymphoma: an under-recognized entity? Acta Neuropathol 2008; 115: 345-56.

George DH, Scheithauer BW, Aker FV, Kurtin PJ, Burger PC, Cameselle-Teijeiro J, et al.
Primary anaplastic large cell lymphoma of the central nervous system: prognostic
effect of ALK-1 expression. Am ] Surg Pathol 2003; 27: 487-93.

Harris N, Swerdlow SH, Frizzera G, Knowles DM. Post-transplant lymphoproliferative
disorder. In: Tumours of Haematopoietic and Lymphoid Tissues. Lyon: IARC Press,
2001.

Herrlinger U, Klingel K, Meyermann R, Kandolf R, Kaiserling E, Kortmann RD, et
al. Central nervous system Hodgkin’s lymphoma without systemic manifes-
tation: case report and review of the literature. Acta Neuropathol (Berl) 2000;
99: 709-14.

Juric G, Jakic-Razumovic ], Rotim K, Zarkovic K. Extranodal sinus histiocytosis (Rosai-
Dorfman disease) of the brain parenchyma. Acta Neurochir (Wien) 2003; 145:
145-9; discussion 149.

Liszka U, Drlicek M, Hitzenberger P, Machacek E, Mayer H, Stockhammer G, et al.
Intravascular lymphomatosis: a clinicopathological study of three cases. J Cancer
Res Clin Oncol 1994; 120: 164-8.

Liu D, Schelper RL, Carter DA, Poiesz BJ, Shrimpton AE, Frankel BM, et al. Primary
central nervous system cytotoxic/suppressor T-cell lymphoma: report of a unique
case and review of the literature. Am J Surg Pathol 2003; 27: 682-8.

Louis DN, International Agency for Research on Cancer. WHO Classification of
Tumours of the Central Nervous System. Lyon: International Agency for Research
on Cancer, 2007.



BRAIN TUMORS

Mizuno T, Takanashi Y, Onodera H, Shigeta M, Tanaka N, Yuya H, et al. A case of
lymphomatoid granulomatosis/angiocentric immunoproliferative lesion with
long clinical course and diffuse brain involvement. | Neurol Sci 2003; 213: 67-76.

Monabati A, Rakei SM, Kumar P, Taghipoor M, Rahimi A. Primary burkitt lymphoma
of the brain in an immunocompetent patient. Case report. ] Neurosurg 2002; 96:
1127-9.

Patriarca F, Zaja F, Silvestri F, Sperotto A, Scalise A, Gigli G, et al. Meningeal and cerebral
involvement in multiple myeloma patients. Ann Hematol 2001; 80: 758—62.

Patsalides AD, Atac G, Hedge U, Janik J, Grant N, Jaffe ES, et al. Lymphomatoid
granulomatosis: abnormalities of the brain at MR imaging. Radiology 2005;
237: 265-73.

Penn I, Porat G. Central nervous system lymphomas in organ allograft recipients.
Transplantation 1995; 59: 240—4.

Ponzoni M, Ferreri AJ. Intravascular lymphoma: a neoplasm of ‘homeless’ lympho-
cytes? Hematol Oncol 2006; 24: 105-12.

Schluterman KO, Fassas AB, Van Hemert RL, Harik SI. Multiple myeloma invasion of
the central nervous system. Arch Neurol 2004; 61: 1423-9.

Shenkier TN. Unusual variants of primary central nervous system lymphoma. Hematol
Oncol Clin North Am 2005; 19: 651-64, vi.

Shenkier TN, Blay JY, O’Neill BP, Poortmans P, Thiel E, Jahnke K, et al. Primary CNS
lymphoma of T-cell origin: a descriptive analysis from the international primary
CNS lymphoma collaborative group. J Clin Oncol 2005; 23: 2233-9.

Stenzel W, Pels H, Staib P, Impekoven P, Bektas N, Deckert M. Concomitant manifes-
tation of primary CNS lymphoma and Toxoplasma encephalitis in a patient with
AIDS. J Neurol 2004; 251: 764—6.

Tateishi U, Terae S, Ogata A, Sawamura Y, Suzuki Y, Abe S, et al. MR imaging of
the brain in lymphomatoid granulomatosis. AJNR Am ] Neuroradiol 2001; 22:
1283-90.

Tu PH, Giannini C, Judkins AR, Schwalb JM, Burack R, O’Neill BP, et al. Clinicopa-
thologic and genetic profile of intracranial marginal zone lymphoma: a primary
low-grade CNS lymphoma that mimics meningioma. J Clin Oncol 2005; 23:
5718-27.

Clinical and Radiological Features

The vast majority of CNS germ cell tumors occur below the age of 25 years
with a peak incidence that coincides with puberty and are more common in
males. Pineal region germ cell tumors are more frequently found in boys with
the opposite tendency in suprasellar examples. Pineal and suprasellar germ
cell tumors may occur simultaneously or sequentially. CNS germ cell tumors
epitomize the variable incidence of certain neoplasms according to geo-
graphic location. They are far more prevalent in Pacific Asia, particularly
Japan, but this trend is also evidenced by series from Taiwan and Korea
(Nomura, 2001).

Like other extragonadal germ cell tumors, CNS forms tend to occur in
the midline. Most occur in the vicinity of the third ventricle, most
commonly in the pineal gland followed by the suprasellar region. CNS germ
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cell tumors may also occur in an intraventricular, diffuse periventricular, or
deep cortical gray matter location. Extremely large congenital teratomas may
occur, either occupying much of the intracranial space or in the form of
sacrococcygeal teratomas. CNS germ cell tumors do not carry WHO grade
designations.

A wide variety of clinical manifestations may be seen with CNS germ cell
tumors depending on their location and rate of growth. Examples arising in the
pineal gland cause obstructive hydrocephalus at the level of the aqueduct of
Sylvius, with paralysis of upward gaze and convergence occurring due to com-
pression of the superior colliculi of the midbrain tegmentum, known as Par-
inaud syndrome. Suprasellar mass lesions may produce visual defects or
endocrine manifestations of a disrupted hypothalamic—pituitary axis. Endo-
crine abnormalities such as precocious puberty have been associated with pineal
germ cell tumors (Matsutani et al., 1997).

Neuroimaging will usually raise suspicion of a germ cell tumor in the
appropriate clinical setting with any mass of the pineal or suprasellar region
in a child (Figure 3.110a). There is an interesting tendency for some CNS
germ cell tumors in Asians to form away from the midline (Figure 3.110b)
(Masuzawa et al., 1986; Okamoto et al., 2002; Rushing et al., 2006; Sato et al.,
2003). They usually show prominent contrast enhancement. As with other
teratomas, a marked cystic component with calcification and fat may be seen.
Choriocarcinoma is well known for their hemorrhagic tendency. It is impor-
tant to realize that some CNS germ cell tumors may show a predominant
pattern of infiltration rather than mass effect, particularly into subcortical
gray matter.

Gross Pathology

Germinomas are usually soft friable tumors and hemorrhage should suggest
the additional presence of choriocarcinoma or more malignant elements. A
myxoid element may suggest yolk sac tumor. Benign teratomas are marked
by the same bizarre admixture of gross elements such as fat, cartilage, bone,
and or even teeth and hair as are seen in gonadal teratomas.

GERMINOMA

Pathology

This is the most common CNS germ cell tumor in a pure form (Bjornsson
et al., 1985). The microscopic appearance is indistinguishable from ordinary
seminomas or dysgerminomas of the testis or ovary, respectively (Figure
3.110c—e). The tumor is composed of primitive large cells in sheets and lobules
separated by fibrovascular trabeculae. The tumor cells contain large spherical
nuclei and prominent and characteristically angular nucleoli. The cytoplasm is
faint, vacuolated, and lacy. The fibrovascular septae often contain variable
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numbers of benign small lymphocytes, usually a mixed T-cell population. Their
presence is so variable that they may not be present in small biopsies or they
may predominate to the point of obscuring the germ cell tumor population,
thus posing a potential diagnostic pitfall (Mueller et al., 2007). Other examples

Figure 3.110. Germinoma.
(a) A sagittal T1 MR with
contrast enhancement shows
a homogeneously enhancing
pineal region mass that is
compressing the tectum.
There is hydrocephalous,
presumably because of
compression of the sylvian
aqueduct. (b) A coronal T1
MR image with contrast
enhancement shows a
suprasellar germinoma.

A cora T1 mi image with
contra enhancem shows
suprasella germinon There is
an interesting tendency for
some germinomas to occur
outside the midline in Asian
patients. Pineal region
germinomas are much more
common in males, whereas
suprasellar germinomas or
more common in females.
Germinomas tend to
demonstrate more uniform
enhancement than other
germ cell tumors. Germ cell
tumors tend to engulf the
pineal gland as opposed to
pineoblastomas and
pineocytomas, which tend to
centrifugally disperse the
gland. If a germinoma is
suspected, the entire neuraxis
should be imaged because of
the high frequency of CSF
tumor seeding.
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Figure 3.110. continued

(¢) Germinomas are
histologically identical to
seminomas or
dysgerminomas, composed of
large cells with vacuolated or
lacy cytoplasm, and round
nuclei with prominent and
angular nucleoli.

(d) Germinomas are regularly
accompanied by varying
degrees of lymphocytic
inflammation, mostly as
bands dividing large nest of
germinoma cells, but in some
instance may obscure the
underlying presence of these
cells.
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of lymphocytic proliferation include lymphoplasmacytic or germinal center
differentiation.

Immunohistochemically, germinomas show strong cell membrane stain-
ing for c-kit (Nakamura et al., 2005) and slightly less commonly, placental
alkaline phosphatase (PLAP) (Bjornsson et al., 1985; Felix and Becker, 1990).
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Figure 3.110. continued

(e) OCT4
immunohistochemistry is the
superior method of
identifying germinoma cells.

A preferable immunostain for germinoma is OCT4, which shows nuclear
reactivity (Hattab et al., 2005). Germinomas might also show focal immuno-
positivity for cytokeratins (Felix and Becker, 1990; Ho and Liu, 1992). They
may also show syncytiotrophoblastic differentiation with f—human chorionic
gonadotropin (HCG) immunopositivity. These examples are currently
believed to behave similar to pure germinomas and should not prompt var-
iation in diagnosis.

EMBRYONAL CARCINOMA
Pathology

CNS embryonal carcinoma is exceedingly rare. They are composed of sheets
or cords of primitive cells (Figure 3.111), forming abortive papillary and glan-
dular structures with large nuclei and prominent nucleoli. The cells sometimes
form “embryoid” bodies composed of disks of cells with cystic cavities resem-
bling early embryos. They may be immunopositive for cytokeratin, CD30, as
well as PLAP and OCT 4.

YOLK SAC TUMOR (ENDODERMAL SINUS TUMOR)
Pathology

This primitive neoplasm features differentiation resembling yolk sac
endoderm. The cells show a sinusoidal growth pattern of variable cellularity
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Figure 3.111. (a) Embryonal
carcinoma, with (b) CD30
immunopositivity.
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in a myxoid matrix. Epithelioid elements may produce sheets of cells but
more commonly produce a reticular pattern composed of sinusoidal
channels lined by epithelium (Figure 3.112). When these form a fibrovascular
projection into such a space, they represent a Schiller—Duval body. Other
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forms of differentiation include enteric-type glands with goblet cells or hepa-
tocellular differentiation. Brightly eosinophilic, diastase-resistant PAS, and
alpha-fetoprotein (AFP)-positive hyaline globules either in cytoplasm or the
stroma is considered diagnostic of yolk sac tumor. AFP is considered the

Figure 3.112. Yolk sac tumor
(endodermal sinus tumor).
(a) The most common
pattern includes cystic spaces
with a sinusoidal growth
pattern. (b) Solid growth
patterns may also be
observed,
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Figure 3.112. continued

(¢) in which eosinophilic
cytoplasmic globules are PAS
positive.

(d) Alpha fetoprotein is the
diagnostic immunostain.
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diagnostic immunostains, which allows distinction from other primitive
CNS germ cell tumors.

CHORIOCARCINOMA
Pathology

This tumor displays the combined elements of cytotrophoblastic as
well as syncytiotrophoblastic giant cell elements (Figure 3.113). Such giant
cells may show wildly pleomorphic and giant cell forms of differentiation.
These tumors are also characterized by ectatic blood vessels and a marked
propensity for hemorrhage. Syncytiotrophoblastic giant cells are B-HCG-
immunopositive.

TERATOMA

Teratomas must include elements derived from ectodermal, endodermal, and
mesodermal lines of differentiation.

Mature

Mature teratomas have fully differentiated elements without unusual prolifera-
tive activity. Frequent elements include brain, choroid plexus, and benign epi-
thelial structures, representing ectodermal derivatives. Mesodermal components
may include cartilage, bone, fat, and skeletal and smooth muscle. Endodermal
derivatives may be the most difficult to identify, represented by epithelial lined
tissues sometimes including rare goblet cells, highlighted by a mucin stain.

Figure 3.113. The cyto- and
syncytiotrophoblastic giant
cell elements of
choriocarcinoma, with
prominent vasculature.
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Figure 3.114. Immature
teratomas are often diagnosed
by the presence of poorly
differentiated neuroepithelial
(upper right) and
mesenchymal elements.
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Immature

The immature teratoma is comparable to the mature form except for rela-
tively undifferentiated and proliferative elements, commonly manifested as
primitive mesenchyme or structures resembling the embryonic neuroepithe-
lial canal or neural tube (Figure 3.114). Varying degrees of differentiation
may be noted amongst primitive elements. The designation immature ter-
atoma must be made even if the immature elements represent a small minor-
ity of the tumor.

TERATOMA WITH MALIGNANT TRANSFORMATION

Malignant teratomas contain frankly carcinomatous, either as squamous or
adenocarcinoma, or sarcomatous differentiation, commonly seen as rhabdo-
myosarcoma or as otherwise undifferentiated sarcoma (Bjornsson et al., 1985;
Rueda-Pedraza et al., 1987).

MIXED GERM CELL TUMOR
Pathology

This entity is second only to germinomas in incidence among CNS germ cell
tumors. The most common combination of elements is pure germinoma with
immature teratoma or other germ cell tumor elements. The identification of the
most primitive element is important in assigning a prognosis.
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AMYLOIDOMA (PRIMARY SOLITARY AMYLOIDOSIS)

Clinical and Radiological Features

Amyloidomas occur more frequently in men between the fifth and seventh
decades of life. They are rare mass lesions that occur in many diverse sites
including the brain, base of skull, cranial nerves, or spinal epidural space,
causing back pain and possibly a compressive myelopathy or radiculopathy.
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Elsewhere in the brain, they present as single or multiple mass lesions with little
or no mass effect on surrounding structures.

There is typically no association with a plasma cell dyscrasia or malig-
nancy since they may possibly originate in the microglial processing of
plasma proteins (Cohen et al., 1992); however, because of the occasional
involvement of the spinal column by multiple myeloma, diagnostic measures
should be taken to exclude systemic or plasma cell dyscrasia. MRI indicates a
hypointense lesion on T1- and T2-weighted imaging with contrast enhance-
ment (Figure