
183I. Damjanov, F. Fan (eds.), Cancer Grading Manual, 
DOI 10.1007/978-3-642-34516-6_15, © Springer-Verlag Berlin Heidelberg 2013

  15

          15.1   Introduction 

 The  fi rst signi fi cant histologic classi fi cation of 
tumors of the central nervous system (CNS) was 
proposed by Bailey and Cushing in 1926. 
Thereafter, several major revisions were intro-
duced, and numerous consensus conferences 
were held. The grading of CNS tumors is an inte-
gral part of these revisions and is routinely applied 
to primary intracranial and spinal tumors. The 
most widely accepted grading system is the 
World Health Organization (WHO) classi fi cation 
of tumors, last updated in 2007. Recently the 
prognostic values of several genetic markers have 
been validated in several CNS tumors, and the 
importance of testing them in paraf fi n-embedded 
tissue is growing  [  1  ] . Rare tumors, lymphomas, 
paraganglioma, and pituitary adenomas will not 
be discussed in this concise chapter.  

    15.2   Astrocytoma 

 Diffusely in fi ltrating or  fi brillary astrocytomas 
constitute the majority of those encountered in the 
human central nervous system. The WHO 
classi fi cation determines the grade, on a scale of 
I–IV, of a diffusely in fi ltrating astrocytoma accord-

ing to several microscopic features: cellularity, 
nuclear atypia, mitotic activity, vascular prolifera-
tion, and tumor necrosis. However, grading based 
on these criteria has been reported to show poor 
interobserver agreement, especially in stereotactic 
biopsies  [  2  ] . In 1988, Daumas-Duport and col-
leagues proposed a more reproducible grading 
system of adult diffusely in fi ltrating astrocytomas 
 [  3  ] , generally known as the St. Anne/Mayo grad-
ing system. Assigning equal importance to each of 
four speci fi c pathologic features – nuclear atypia, 
mitosis, vascular proliferation, and necrosis – the 
St. Anne/Mayo grade of a diffusely in fi ltrating 
astrocytoma on a scale of 1–4 is determined by the 
number of feature(s) present plus 1. This system is 
similar, but not identical to, the WHO classi fi cation. 
For instance,  fi nding one mitotic  fi gure in an oth-
erwise well-differentiated, diffusely in fi ltrating 
astrocytoma quali fi es it as grade 3 in the St. Anne/
Mayo system, but it may still be considered a 
WHO grade II lesion. On the other hand, a small 
biopsy showing predominantly necrosis rimmed 
by a few viable atypical astrocytes without mitosis 
is diagnosed as glioblastoma (grade IV) by the 
WHO criteria but remains a St. Anne/Mayo grade 
3 lesion. Since both systems are de fi ned by posi-
tive features, grading  fi brillary astrocytomas based 
on small biopsies is subject to errors of 
“undergrading.” 

 The WHO classi fi cation of astrocytic tumors 
includes the following:

   Grade I,  fi brillary astrocytoma. This tumor • 
is exceedingly rare. It shows a mild increase 
of cellularity and minimal cytologic atypia 
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without other pathologic features. This grade 
also includes variants of astrocytoma with 
speci fi c pathology, radiology, and indolent 
clinical behavior, i.e., pilocytic astrocytoma 
and subependymal giant cell astrocytoma.  
  Grade II, well-differentiated or diffuse astro-• 
cytoma. This tumor shows a mild to moderate 
increase of cellularity and nuclear atypia 
(Fig.  15.1 ), minimal mitotic activity (usually 
<2 mitoses per tumor), and no vascular prolif-

eration or tumor necrosis. One variant of 
WHO grade II diffuse astrocytomas is gemis-
tocytic astrocytoma that has been reported to 
portend a more aggressive behavior than its 
lack of mitotic activity suggests. It is com-
posed of neoplastic astrocytes with eccentric 
nuclei, small nucleoli, and plump, eosino-
philic, glassy, and  fi brillary cytoplasm with 
frequent perivascular in fl ammation and no 
mitotic  fi gures (Fig.  15.2 ).    

  Fig. 15.1    Astrocytoma. This 
WHO grade II diffusely 
in fi ltrating  fi brillary 
astrocytoma shows mild 
hypercellularity and mild 
nuclear atypia       

  Fig. 15.2    Gemistocytic 
astrocytoma. This WHO 
grade II tumor has moderate 
atypia with a deceiving lack 
of detectable mitotic activity 
(luxol fast blue/HE stain)       
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  Grade III, anaplastic or malignant astrocy-• 
toma. This tumor has moderate to high cellu-
larity (Fig.  15.3 ), prominent nuclear atypia, 
and readily identi fi ed mitotic  fi gures. When 
neither tumor necrosis nor vascular prolifera-
tion is recognized, the distinction between 
grade II and grade III astrocytoma may be 
subjective. Mitotic count has been the most 
reliable criterion, with two or more mitoses 
found per microscopic section in grade III 
astrocytoma. The use of the MIB-1 labeling 
index to differentiate more aggressive astrocy-
tomas from less aggressive ones has been sug-
gested  [  4  ] ; however, result of a recent study 
 [  5  ] , signi fi cant overlap, and topographic varia-
tion of staining limit its practical use, espe-
cially in small specimens.   
  Grade IV, glioblastoma. This group of tumors • 
includes astrocytomas that not only show 
nuclear atypia but also exhibit either necrosis 
(pseudopalisaded or not) (Fig.  15.4 ) or vascu-
lar proliferation (Fig.  15.5 ) or both. As the old 
term glioblastoma multiforme implies, the 
architectural pattern and cytologic details of 
neoplastic cells are variable. Small cells, clear 
cells, giant cells with bizarre hyperchromatic 
nuclei, cells with eosinophilic granular cyto-
plasm, and spindled cells in fascicles can be 
seen in various combinations or, less often, in 

pure forms. Aberrant epithelial (squamous 
and/or glandular) differentiation is rarely seen 
in glioblastomas and should not to be mistaken 
as collision cancer (carcinoma metastatic to 
glioblastoma), which occurs very rarely. 
Gliosarcoma is WHO grade IV tumor contain-
ing a glioblastoma component and a malignant 
mesenchymal component derived from vessel 
walls or associated meninges (Fig.  15.6 ).       

    15.2.1   Special Variants of Astrocytoma 

 In addition to the common variety of in fi ltrating 
astrocytomas, several other forms are recognized, 
including:

   Pilocytic astrocytoma (PA). The WHO grade I • 
pilocytic astrocytoma is often cystic with an 
enhanced mural nodule. It is usually well cir-
cumscribed but may show microscopic 
in fi ltration in the surrounding parenchyma. It 
often occurs in or near the midline of neuraxis 
(e.g., cerebellum, hypothalamus, optic nerve) 
in children and young adults, but cases have 
been observed in all age groups and at all ana-
tomic locations. The microscopic appearance 
of PA varies tremendously. Classic features 
include a biphasic growth pattern ( fi brillary 
compact areas containing piloid cells and 

  Fig. 15.3    Anaplastic 
astrocytoma. Moderate 
hypercellularity and cytologic 
atypia are seen in this WHO 
grade III tumor       
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 fi brillary processes with or without Rosenthal 
 fi bers, alternating with loose microcystic areas 
containing protoplasmic astrocytes in loose 
mucin [Fig.  15.7 ]), uniform cells, bland nuclei, 
eosinophilic granular bodies (Fig.  15.8 ), bipo-
lar slender  fi brillary cytoplasmic processes, 
and calcospherites. Other characteristics 
include a mild degree of cellular pleomor-
phism, nuclear atypia, giant cells with  fl oret-
like nuclei, hyalinized blood vessels, 

perinuclear halos, leptomeningeal in fi ltration, 
central infarctive necrosis, vascular prolifera-
tion, and palisaded spongioblastoma-like 
growth pattern. By themselves, necrosis and 
vascular proliferation are of no prognostic 
signi fi cance. In general, mitotic  fi gures are 
rare and the MIB-1 labeling index is low 
(<4 %). Very rare cases of cerebellar PA with 
malignant features have been reported (WHO 
grade III) with hypercellularity, high mitotic 

  Fig. 15.5    Glioblastoma. 
Characteristic vascular 
proliferation is evident in this 
WHO grade IV tumor       

  Fig. 15.4    Glioblastoma. This 
WHO grade IV tumor shows 
characteristic pseudopalisaded 
necrosis       
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activity, and pseudopalisaded tumor necrosis 
 [  6  ] . Rarely, a PA may undergo malignant 
transformation after irradiation, with charac-
teristics of WHO grade III–IV anaplastic 
astrocytoma or glioblastoma.    
  Subependymal giant cell astrocytoma (SEGA). • 
This WHO grade I circumscribed ventricular 
wall tumor is found either incidentally or after 
presentation with obstructive hydrocephalus. 
The majority of patients with this tumor have 

tuberous sclerosis; 6–16 % of patients with this 
disease develop SEGA. Classic features 
include a loose or packed collection of large 
polygonal or elongated cells, with plump or 
 fi brillary eosinophilic cytoplasm in between 
hyalinized blood vessels (with or without 
perivascular pseudopalisading) and calco-
spherites. Some polygonal cells may contain 
large, round to oval, and ganglionic (neuronal) 
nuclei with a single, central prominent nucleoli 

  Fig. 15.6    Gliosarcoma. This 
WHO grade IV tumor 
contains GFAP-negative, 
atypical mesenchymal cells 
embedded in massive 
hyalinized stroma       

  Fig. 15.7    Pilocytic 
astrocytoma. This WHO 
grade I tumor shows a 
 fi brillary and loose microcys-
tic biphasic growth pattern       
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(Fig.  15.9 ). Mild cellular pleomorphism, binu-
cleation, and occasional mitoses may be seen, 
but tumor necrosis and vascular proliferation 
are rare and do not portend malignancy.   
  Pleomorphic xanthoastrocytoma (PXA). This • 
WHO grade II tumor usually presents as a cir-
cumscribed, often partially cystic, super fi cial 
cerebral tumor in children and young adults. 
Characteristic features include elongated 
astrocytes, scattered giant cells with large 

hyperchromatic nuclei, intranuclear pseudoin-
clusions, vacuolated (lipidized) cytoplasm 
(Fig.  15.10 ), scattered eosinophilic granular 
bodies, perivascular in fl ammation, and peri-
cellular deposition of reticulin  fi bers. Most 
cases are controlled or cured by complete sur-
gical resection. A minority (15–20 %) of PXA 
manifest tumor necrosis, vascular prolifera-
tion, and a higher mitotic activity (>5 mitoses 
per 10 hpf). These so-called PXA with 

  Fig. 15.8    Pilocytic 
astrocytoma. Numerous 
eosinophilic granular bodies 
can be observed in this WHO 
grade I tumor       

  Fig. 15.9    Subependymal 
giant cell astrocytoma. In this 
WHO grade I tumor, large 
neoplastic cells are seen, with 
round nuclei, central 
prominent nucleoli, plump 
eosinophilic cytoplasm, and 
occasional multinucleation       
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anaplastic features may have a less favorable 
prognosis  [  7  ] ; however, they should not be 
confused with giant cell glioblastoma.   
  Desmoplastic cerebral astrocytoma of infancy • 
(DCAI) and desmoplastic infantile ganglio-
glioma (DIGG). These rare WHO grade I mas-
sive neoplasms of young children present as 
large, solid, and cystic cerebral tumors often 
associated with the dura and leptomeninges. 
Microscopically, desmoplastic hypocellular 

zones containing plump  fi brillary astrocytes 
(Fig.  15.11 ) transform to hypercellular zones 
of round or spindled cells with atypia and high 
nucleocytoplasmic ratios (Fig.  15.12 ). In spite 
of the readily found mitotic  fi gures and their 
alarming size, these neoplasms have a good 
prognosis following resection. The histo-
pathologies of both are similar, except for the 
presence of small or large cells with neuronal 
differentiation in DIGG.    

  Fig. 15.10    Pleomorphic 
xanthoastrocytoma. Large 
cells with bizarre hyperchro-
matic nuclei, intranuclear 
pseudoinclusions, and 
vacuolated cytoplasm are 
hallmarks of this WHO 
grade II tumor       

  Fig. 15.11    Desmoplastic 
infantile ganglioglioma. This 
WHO grade I tumor consists 
of neoplastic astrocytes with 
plump  fi brillary cytoplasm 
embedded in sclerotic stroma       
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  Rare variants of astrocytoma. This heteroge-• 
neous group, not discussed here, includes sev-
eral entities: protoplasmic astrocytoma, 
gliomatosis cerebri, chordoid glioma of the 
third ventricle, granular cell astrocytoma, 
astroblastoma, pilomyxoid astrocytoma of the 
suprasellar region in young children and 
infants, angiocentric glioma, glio fi broma, and 
sarcoglioma. For grading and characteristic 
features of these tumors, see specialized neu-
ropathology textbooks and original articles.      

    15.3   Oligodendroglioma 

 The WHO classi fi cation recognizes two grades 
of oligodendroglioma: well-differentiated (WHO 
grade II) and anaplastic (malignant) (WHO grade 
III). It should be noted that clinical response of 
many oligodendrogliomas to certain chemothera-
peutic agents – such as a PCV regimen (procar-
bazine, lomustine or CCNU, vincristine) and 
temozolomide – has been associated with codele-
tions of chromosomes 1p and 19q found in up to 
80 % of grade II and up to two-thirds of grade III 
oligodendrogliomas.

   WHO grade II, well-differentiated oligoden-• 
droglioma. The classic features of well- 

differentiated oligodendroglioma include 
super fi cial parenchymal (cortical) involve-
ment, in fi ltrative borders, uniform cells with 
round nuclei and perinuclear halos 
(Fig.  15.13 ), scant cytoplasm without pro-
cesses, or globular eccentric eosinophilic 
cytoplasm with  fi brillary processes (mini- or 
microgemistocytes) (Fig.  15.14 ), a delicate 
capillary network, associated calcospherites, 
mucinous microcysts, and occasional hyper-
cellular nodules. Marked nuclear atypia and 
occasional mitoses may be present. As in 
in fi ltrating astrocytomas, mitotic activity has 
been proposed as a major grading criterion 
with most grade II lesions showing less than 6 
mitoses per 10 hpf  [  8  ]  and MIB-1 labeling 
index of <5 %.    
  WHO grade III, anaplastic or malignant oli-• 
godendroglioma. In addition to the features 
described above, this tumor shows diffuse 
hypercellularity, nuclear atypia, cellular 
pleomorphism, and brisk mitotic activity 
(Fig.  15.15 ). Vascular proliferation and 
tumor necrosis (with or without pseudopali-
sading) may be observed (Fig.  15.16 ), but 
neither feature is a necessary criterion. Some 
cases may display marked cellular pleomor-
phism and the formation of giant or  elongated 

  Fig. 15.12    Desmoplastic 
infantile ganglioglioma. Some 
areas of this WHO grade I 
tumor are variably hypercel-
lular and contain small cells 
with oval or elongated nuclei 
and scant cytoplasm       
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cells, making recognition of oligodendro-
cytic differentiation and distinction from 
astrocytomas dif fi cult and subjective. Mixed 
oligoastrocytomas are diagnostic challenges 
in both classi fi cation and grading. A study 
has concluded that the identi fi cation of even 
a minor (100× microscopic  fi eld) component 
of oligodendroglioma imparts a better prog-
nosis than a pure astrocytoma of the same 

grade  [  9  ] . Since there is no grade IV oligo-
dendroglioma, distinction between anaplastic 
oligodendroglioma, anaplastic oligoastrocy-
toma, and glioblastoma can be arbitrary. An 
alternative is to classify it as WHO grade IV 
glioblastoma with an oligodendroglioma 
component, the prognosis of which appears 
better than that of conventional glio-
blastoma  [  10  ] .       

  Fig. 15.13    Oligoden-
droglioma. This WHO 
grade II tumor has uniform 
neoplastic cells with round 
nuclei and perinuclear halos 
between delicate capillaries       

  Fig. 15.14    Oligoden-
droglioma. This WHO 
grade II tumor contains areas 
of mini- or microgemistocytes       
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    15.4   Ependymoma 

 Ependymoma arises from ependymal cells lining 
the cerebrospinal  fl uid pathways. This tumor 
occurs in any age group and is found often in the 
posterior fossa of children and young adults. The 
WHO classi fi cation recognizes several subtypes, 
graded on a scale from I to III, as follows:

   WHO grade I subependymoma. This group • 
comprises nodular, well-demarcated, and 

 fi brillary ependymal neoplasms on the walls 
of ventricles and the central canal (spinal 
cord). Microscopically, subependymomas are 
paucicellular and  fi brillary, with the formation 
of microcysts and hyalinized vessels. 
Neoplastic cells are uniform in size and shape, 
with small round to oval nuclei, vacuolated or 
eosinophilic cytoplasm (Fig.  15.17 ) and tend 
to be clustered. Scattered cells with large pleo-
morphic nuclei of a degenerative nature and 

  Fig. 15.15    Anaplastic 
oligodendroglioma. This 
WHO grade III tumor 
displays nuclear atypia and a 
brisk mitotic activity       

  Fig. 15.16    Anaplastic 
oligodendroglioma. Vascular 
proliferation and necrosis are 
suf fi cient but not necessary 
features in this WHO 
grade III tumor       
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occasional mitoses may be seen, but necrosis 
and vascular proliferation is absent. Rare cases 
of WHO grade II mixed subependymoma and 
ependymoma containing features of both have 
been reported.   
  WHO grade I myxopapillary ependymoma. • 
This tumor is almost exclusively found in the 
conus medullaris/cauda equina region of 
young adults. Radially arranged, uniform, 
cuboidal, or elongated glial cells line the sur-

face of papillae with vascular, hyalinized, or 
myxoid cores (Fig.  15.18 ). Mucinous vacuoles 
or microcysts exist between cells. Mitotic 
activity is low. Local recurrence after resec-
tion is uncommon.   
  WHO grade II ependymoma. This often • 
demarcated glial neoplasm shows ependy-
mal differentiation, evidenced by cellular 
uniformity, varying amounts of  fi brillary 
cytoplasm, and the formation of perivascular 

  Fig. 15.17    Subependymoma. 
In this WHO grade I tumor, 
cytologically bland cells and 
associated microcysts are 
observed in  fi brillary matrix       

  Fig. 15.18    Myxopapillary 
ependymoma. This WHO 
grade I tumor contains 
mucinous pools. The papillary 
growth pattern is a hallmark 
of this tumor       
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 pseudorosettes (Fig.  15.19 ) and true ependy-
mal rosettes (also known as ependymal 
canals) (Fig.  15.20 ). The borders are push-
ing or, less commonly, in fi ltrative. In general 
mitotic activity is low. Cystic change, stromal 
hyalinization, and calci fi cation may be pres-
ent. Observed multiple patterns of growth 
and cytology have given rise to four subtypes 
recognized by WHO: cellular ependymoma, 

clear cell ependymoma (Fig.  15.21 ), papillary 
ependymoma, and tanycytic ependymoma. 
Features of two or more of these subtypes may 
be seen focally in a given case, so a subtype is 
designated only when a pattern predominates 
(>50 % of the areas examined).     
  WHO grade III (anaplastic or malignant) • 
ependymoma. In addition to ependymal differ-
entiation, this tumor shows anaplastic  features 

  Fig. 15.19    Ependymoma. 
Cells forming perivascular 
pseudorosettes comprise this 
WHO grade II tumor       

  Fig. 15.20    Ependymoma. 
This area of the WHO 
grade II tumor contains an 
ependymal canal       
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such as hypercellularity, cytologic anaplasia, 
brisk mitotic activity, pseudopalisaded necro-
sis, and vascular proliferation (Fig.  15.22 ). 
However, necrosis without palisading in a 
posterior fossa ependymoma is not diagnos-
tic of anaplastic ependymoma. Pseudorosettes 
are inconspicuous, and true rosettes are hardly 
seen.      

    15.5   Embryonal Tumors, Neuronal 
Tumors, and Mixed 
Glioneuronal Tumors 

 When most constituents in a neuroepithelial neo-
plasm are poorly differentiated or undifferenti-
ated, it is categorized as a WHO grade IV 
embryonal tumor or primitive neuroectodermal 

  Fig. 15.21    Clear cell 
ependymoma. Some cells of 
this WHO grade II tumor 
have clear cytoplasm       

  Fig. 15.22    Anaplastic 
ependymoma. Necrosis and 
vascular proliferation are 
evident in this tumor, as well 
as brisk mitotic activity and 
marked cytologic atypia       
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tumor (PNET). When found in the cerebellum, 
the pineal gland, and the posterior orbit, PNET is 
known as medulloblastoma, pineoblastoma, and 
retinoblastoma, respectively. A neuronal tumor 
consists of cells with neuronal (ganglionic or 
neurocytic) differentiation. They include WHO 
grade I neuronal hamartoma and gangliocytoma, 
and WHO grade II central (and extraventricular) 
neurocytoma. Neoplasms containing both mature 
neuronal and glial components are known as gan-
gliogliomas or mixed glioneuronal tumors (e.g., 
papillary and rosette-forming variants, not dis-
cussed). Less frequently, a neuroepithelial neo-
plasm consists of a glial component – usually a 
diffusely in fi ltrating astrocytoma – and an embry-
onal component, without the formation of neu-
rons or neurocytes. These are high-grade 
malignancies of WHO grade III to IV. 

    15.5.1   Medulloblastoma 

 These WHO grade IV embryonal neoplasms typ-
ically occur in the cerebellum (especially the ver-
mis) of children and young adults. Like other 
PNET, medulloblastoma tends to spread through 
cerebrospinal  fl uid circulation and may metasta-
size to extraneural sites. Generally regarded as 
malignant, medulloblastomas show varying 

degrees of neuronal and glial differentiation in 
histopathology and immunohistochemistry. Four 
histologic subtypes are recognized (see below) 
with apparently different prognosis – patients 
with desmoplastic medulloblastomas and cere-
bellar neuroblastomas have a better prognosis 
than those with classic medulloblastomas, while 
those with large cell medulloblastomas have a 
worse prognosis.

   Classic medulloblastoma. This is the most • 
common form. It consists of diffuse sheets of 
embryonic cells with round-, oval-, or carrot-
shaped hyperchromatic nuclei and scant cyto-
plasm with possible formation of neuroblastic 
or Homer-Wright rosettes (Fig.  15.23 ) and 
astrocytic differentiation shown by glial 
 fi brillary acidic protein (GFAP) expression. 
Pale areas of lower cellularity and containing 
cells with neuronal and astrocytic differentia-
tion may be observed (Fig.  15.24 ). Neoplastic 
cells in fi ltrate the neural parenchyma at inter-
face. Apoptotic bodies and mitotic  fi gures 
vary in density.    
  Desmoplastic (nodular) medulloblastoma. • 
This tumor tends to be located in the cerebel-
lar hemisphere rather than the vermis. It dis-
plays biphasic histology and contains many 
hypocellular, sometimes con fl uent nodules 
between reticulin-rich and hypercellular areas 

  Fig. 15.23    Medulloblas-
toma, classic type. The tumor 
cells form Homer-Wright 
(neuroblastic) rosettes       
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(Fig.  15.25 ). Cells in nodules are more differ-
entiated (neuronal, neurocytic, and astrocytic), 
with uniform, round to oval nuclei of varying 
sizes embedded in a  fi brillary, neuropil-like 
matrix.   
  Medulloblastoma with extensive nodularity and • 
advanced neuronal differentiation (cerebellar 
neuroblastoma). This rare tumor tends to occur 
in young children (usually <3 years of age). It 

displays a strikingly lobular appearance on neu-
roimaging that corresponds to multiple large 
nodules on histology. Intranodular neoplastic 
cells have small, round nuclei and resemble 
those found in central neurocytomas, accompa-
nied by occasional large neurons.  
  Large cell (anaplastic) medulloblastoma. This • 
tumor accounts for 5–25 % of all medulloblas-
tomas. It consists of cells with large, round, or 

  Fig. 15.24    Medulloblas-
toma, classic type. In addition 
to undifferentiated cells, the 
tumor displays focal neuronal 
differentiation       

  Fig. 15.25    Medulloblas-
toma, desmoplastic type. The 
tumor shows obvious 
nodularity       
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pleomorphic vesicular nuclei, prominent 
nucleoli, and abundant cytoplasm (Fig.  15.26 ). 
Frequently, there is nuclear molding, cell wrap-
ping, necrosis, and high apoptotic and mitotic 
activities. Distinction from the highly malig-
nant atypical teratoid/rhabdoid tumor (AT/RT, 
not discussed) in infants and young children 
may require the aid of immunohistochemistry.      

    15.5.2   Supratentorial Primitive 
Neuroepithelial Tumor 

 This WHO grade IV neoplasm also occurs in chil-
dren and young adults with a histology (Fig.  15.27 ) 
similar to classic medulloblastoma. In general, 
their cells are poorly differentiated, but some may 
display divergent differentiation (e.g., neuroblas-
tic, neuronal, astrocytic, ependymal, oligodendro-
cytic, muscular, and melanocytic). When both 
neuroblasts and differentiated neurons predomi-
nate, the terms cerebral neuroblastoma and gan-
glioneuroblastoma (Fig.  15.28 ) may be applied.    

    15.5.3   Pineal Parenchymal Tumor 

 The histopathologic hallmark of pineal parenchymal 
tumors is the pineocytomatous rosettes – small- to 

medium-size, ill-de fi ned zones of  fi brillary pro-
cesses rimmed by nuclei (Fig.  15.29 ). 
Pineocytomatous rosettes are larger and less regular 
in shape than Homer-Wright rosettes. These tumors 
include the following: 

   Pineoblastoma. This WHO grade IV tumor is • 
a poorly differentiated neoplasm in children 
showing high-grade features expected of 
PNET.  
  Pineocytoma. This is a slow-growing WHO • 
grade I tumor that affects young adults. It con-
sists of sheets or lobules of small, uniform 
cells resembling normal pineocytes, arranged 
between small blood vessels (Fig.  15.30 ). 
Rarely, large- or medium-size ganglion cells 
and mitoses are found.   
  Pineal parenchymal tumor of intermediate dif-• 
ferentiation. This WHO grades II–III tumor 
shows signs of intermediate differentiation 
and has features that range between those of 
pineocytomas and pineoblastomas.     

    15.5.4   Gangliocytoma and 
Ganglioglioma 

 Gangliocytoma is a WHO grade I neoplasm of 
varying cellularity containing numerous differen-
tiated ganglion cells (Fig.  15.31 ). Typically, this 

  Fig. 15.26    Medulloblas-
toma, large cell or anaplastic 
type. The tumor consists of 
cells with large, round, or 
pleomorphic vesicular nuclei 
showing molding or 
wrapping. The nucleoli are 
prominent and the cytoplasm 
more abundant than in classic 
medulloblastoma       
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tumor contains hyalinized blood vessels with 
eosinophilic granular bodies, Rosenthal  fi bers, 
calcospherites, and perivascular in fl ammation. 
When both dysplastic neurons and neoplastic glia 
(usually astrocytes) are present, the neoplasm 
quali fi es as a ganglioglioma. The glial compo-
nent (astrocytic or oligodendrocytic) in a gan-
glioglioma determines its grade and behavior. It 
may be well differentiated similar to pilocytic 

astrocytoma (WHO grade I) (Fig.  15.32 ), ana-
plastic (WHO grade III), or, very rarely, indistin-
guishable from glioblastoma (WHO grade IV).    

    15.5.5   Central Neurocytoma 

 This sharply demarcated WHO grade II neoplasm 
is typically found in the lateral and third  ventricles 

  Fig. 15.27    Supratentorial 
PNET. This WHO grade IV 
tumor shows histology 
identical to classic 
medulloblastoma       

  Fig. 15.28    Ganglioneuro-
blastoma, WHO grade IV. 
The tumor is composed of 
well-differentiated ( right half ) 
and poorly differentiated ( left 
half ) areas       
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(near the foramen of Monro) of young adults. It 
consists of uniform round neoplastic neurocytes 
with small, round to oval nuclei and pale, granu-
lar, eosinophilic, or clear cytoplasm between 
delicate or hyalinized blood vessels and scattered 
calcospherites (Fig.  15.33 ). Isolated or small 
clusters of larger ganglionic cells and small, ill-
de fi ned, and neuropil-like  fi brillary zones may be 

present. Strong synaptophysin and NeuN immu-
noreactivity is typical and helps its differentiation 
from oligodendroglioma. There are no histologi-
cal prognosticators, except that a MIB-1 labeling 
index of >2–3 % has been associated with a 
shorter recurrence-free interval. Extraventricular 
locations and cases with anaplastic features 
(WHO grade III) have been reported  [  11  ] .   

  Fig. 15.29    Pineocytoma. 
The tumor cells form 
pineocytomatous rosettes. 
These structures show vague 
circular, nuclear arrangements 
around  fi brillary matrix and 
are larger than Homer-Wright 
rosettes       

  Fig. 15.30    Pineocytoma. 
The tumor has a lobular 
structure, and it is dif fi cult at 
times to distinguish pineocy-
toma from the normal pineal 
gland       

 

 



20115 Tumors of the Central Nervous System

    15.5.6   Dysembryoplastic 
Neuroepithelial Tumor (DNET) 

 This WHO grade I glioneuronal neoplasm occurs 
in children and young adults. It has a supratento-
rial cortical (especially the temporal lobe) loca-
tion and is multinodular on neuroimaging and 
gross examination. Characteristic histology 
includes prominent nodular growth, a speci fi c 

glioneuronal element (small oligodendrocyte-
like cells decorating delicate columns of axons 
arranged perpendicular to the cortical surface), 
small mucinous cysts containing  fl oating neu-
rons, scattered stellate astrocytes with or without 
brown granular cytoplasmic pigment, and adja-
cent cortical dysplasia (Fig.  15.34 ). Rare tumors 
with identical histology have also been reported 
in the septum pellucidum and corpus callosum.    

  Fig. 15.31    Gangliocytoma. 
Large dysplastic ganglion 
cells admixed with in fi ltrating 
lymphocytes and plasma cells 
are typical of these WHO 
grade I tumors       

  Fig. 15.32    Ganglioglioma. 
This WHO grade I tumor 
contains dysplastic neurons 
and atypical astrocytes       
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    15.6   Meningioma 

 Meningioma is a neoplasm of meningothelial or 
arachnoid cap cells found in the leptomeninges. 
It is assigned WHO grades of I to III and is known 
to display widely variable histopathology. The 
list of recognized variants of meningiomas con-
tinues to change, and at least 13 were described 
in the 2007 WHO classi fi cation. Some variants 

occur in pure forms (e.g., secretory and clear cell 
meningiomas), while diagnostic features of oth-
ers (e.g., chordoid, rhabdoid, and papillary men-
ingiomas) are found only focally. It has been 
proposed that variant-speci fi c features be 
observed in >50 % of tumor in order for its desig-
nation although this has yet to be accepted uni-
versally. WHO grade II atypical meningiomas 
have a higher risk for local recurrence and 

  Fig. 15.33    Central 
neurocytoma. This WHO 
grade II neoplasm bears 
striking resemblance to 
oligodendroglioma       

  Fig. 15.34    Dysembryo-
plastic neuroepithelial tumor. 
This WHO grade I neoplasm 
contains uniform, bland, and 
oligodendrocyte-like cells 
between small mucinous cysts 
containing  fl oating neurons       
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 malignant transformation after resection/treat-
ment, and WHO grade III malignant (anaplastic) 
meningiomas have the additional potential of 
cerebrospinal  fl uid seeding and distant metasta-
sis. Invasion into the adjacent brain parenchyma 
may be observed in meningiomas of all grades 
and is an independent risk factor for local recur-
rence (hence, the assignment of brain-invasive 
meningiomas as WHO grade II). Brain invasion 
is evidenced by an irregular rather than smooth 
pushing border at the interface (without interven-
ing leptomeninges), with small irregular nests or 
burrowing tongues of neoplastic meningothelial 
cells displaced in the parenchyma (Fig.  15.35 ).  

    15.6.1   WHO Grade I Benign 
Meningioma 

 This group of tumors includes several variants:
   Meningothelial or syncytial meningioma. • 
Tumors of this group consist of neoplastic 
meningothelial cells with round, oval, or elon-
gated nuclei, smooth nuclear pro fi les, dis-
persed chromatin, indistinct small nucleoli, 
and occasional intranuclear pseudoinclusions. 
Various architectural patterns and structures 
may be formed, most commonly whorls 
(Fig.  15.36 ) and syncytia (Fig.  15.37 ).    

  Fibrous or  fi broblastic meningioma. This • 
tumor is composed of slender  fi brocyte-like 
cells between collagen (Fig.  15.38 ).   
  Psammomatous meningioma. Psammoma • 
bodies are present in most meningiomas, but if 
they predominate over tumor cells in between, 
the tumor may be classi fi ed as a psammoma-
tous meningioma.  
  Secretory meningioma. This tumor has plump • 
and epithelioid cells in sheets, forming scat-
tered round vacuolar spaces that contain 
eosinophilic hyaline globules (pseudopsam-
moma bodies) (Fig.  15.39 ). Pericytic prolifer-
ation around blood vessels may be prominent. 
Surrounding brain parenchyma is often 
edematous.   
  Angiomatous meningioma. Numerous, often • 
hyalinized blood vessels between scarce neo-
plastic cells characterize this tumor (Fig.  15.40 ). 
It often coexists with microcystic change and 
may be associated with surrounding brain 
edema. It should not be confused with heman-
gioblastoma or meningeal hemangioma.   
  Microcystic meningioma. This tumor consists • 
of cells with thin elongated processes between 
clear or  fl uid- fi lled vacuoles and microcysts in 
a characteristic cobweb pattern (Fig.  15.41 ). 
Sometimes cells appear  fi lled with small cyto-
plasmic vesicles that indent small or large 

  Fig. 15.35    Brain-invasive 
meningioma. Fingerlike 
projections of neoplastic 
meningothelial cells into brain 
parenchyma without 
intervening leptomeninges are 
typical of this WHO grade II 
tumor       
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hyperchromatic nuclei. Abundant, often 
hyalinized, blood vessels are present. It should 
not be confused with clear cell meningioma.   
  Lymphoplasmacyte-rich meningioma. In this • 
rare variant, the tumor typically contains exten-
sive in fi ltrates of chronic in fl ammatory cells.  
  Metaplastic meningioma. This is a rare variant • 
characterized by the formation of bone, carti-
lage, and/or apparent fat.     

    15.6.2   WHO Grade II Atypical 
Meningioma 

 According the WHO classi fi cation, a diagnosis of 
atypical meningioma should be made if the tumor 
has an average mitotic rate of ≥4 per 10 hpf or has 
three or more of the following  fi ve features: 
prominent nucleoli (Fig.  15.42 ); tumor necrosis; 
sheet-like, patternless growth; small cells with 

  Fig. 15.36    Meningothelial 
meningioma. Tumor cells 
form whorls       

  Fig. 15.37    Meningothelial 
meningioma. Streaming 
neoplastic meningothelial 
cells display oval nuclei and 
intranuclear pseudoinclusions 
in syncytia       
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high nucleocytoplasmic ratios; and hypercellu-
larity (Fig.  15.43 ). Of these features, only tumor 
necrosis is objective. Tumor necrosis in menin-
giomas appears as small or large areas of coagu-
lative necrosis rimmed by a condensed band of 
cells. It should be distinguished from rare sponta-
neous central infarction and from infarctive 
necrosis resulting from presurgical embolization. 
Occasionally, neoplastic meningothelial cells 

have enlarged, hyperchromatic nuclei, but these 
changes are degenerative and are not indicative 
of true atypia. Two speci fi c variants are desig-
nated WHO grade II, due to their atypical clinical 
behavior:  

   Clear cell meningioma. This rare neoplasm • 
is composed almost exclusively of clear 
cells with glycogen-rich cytoplasm and cen-
tral small nuclei (Fig.  15.44 ). Numerous 

  Fig. 15.38    Fibrous 
meningioma. Elongated 
 fi broblastic cells embedded in 
collagenous stroma comprise 
this tumor       

  Fig. 15.39    Secretory 
meningioma. The tumor 
contains eosinophilic hyaline 
globules or “pseudopsam-
moma” bodies that are PAS 
positive and CEA 
immunoreactive       
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thick collagenous  fi bers and, sometimes, 
prominent hyalinization are found in the 
stroma. Whorls are not apparent, and psam-
moma bodies are rare. Many are found at 
the cerebellopontine angle or the cauda 
equina region in children and young adults. 
They have a high risk for cerebrospinal  fl uid 

seeding and local recurrence after initial 
treatment.   
  Chordoid meningioma. This tumor is rarely • 
found in a pure form. Typically, it is composed 
of anastomosing cords of epithelioid, some-
times vacuolated, neoplastic cells in a myxoid 
background (Fig.  15.45 ).      

  Fig. 15.40    Angiomatous 
meningioma. The tumor is 
highly vascular and often 
contains cells with features of 
microcystic meningioma       

  Fig. 15.41    Microcystic 
meningioma. Numerous small 
vacuoles and larger micro-
cysts between cells typify this 
tumor – note the characteristic 
“cobweb” pattern of 
cytoplasmic processes and 
peripherally placed nuclei       
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    15.6.3   WHO Grade III, Malignant 
or Anaplastic Meningioma 

 This group includes meningothelial neoplasms 
with a very brisk mitotic rate (≥20 per 10 hpf) 
and other atypical features, or dura-based 
 sarcoma without meningothelial or  heterologous 

differentiation (meningeal sarcomas) (Fig. 15.46 ). 
The following two histological variants also 
are known to behave in a malignant fashion: 

   Papillary meningioma. This tumor has a pre-• 
dilection for children and young adults. The 
hallmark of this neoplasm is the formation of 
perivascular pseudorosettes in discohesive 

  Fig. 15.42    Atypical 
meningioma. The WHO 
grade II tumor contains cells 
with prominent nucleoli       

  Fig. 15.43    Atypical 
meningioma. The tumor 
appears hypercellular because 
the small hyperchromatic 
cells have scant cytoplasm 
and are compacted into 
“patternless” sheets       
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regions of the neoplasm (Fig.  15.47 ). Although 
neoplastic cells display bland cytology 
(Fig.  15.48 ), mitoses are readily found.    
  Rhabdoid meningioma. This variant is rarely • 
found in a pure form, and meningothelial 
whorls are seen focally. Rhabdoid cells have 

large vesicular and eccentric nuclei adjacent 
to globular cytoplasmic bodies composed 
of intermediate  fi laments (Fig.  15.49 ). They 
are either nested or found in massive 
sheets.       

  Fig. 15.44    Clear cell 
meningioma. This WHO 
grade II tumor is composed of 
bland cells with PAS-positive, 
diastase-sensitive clear 
cytoplasm and small, 
centrally located nuclei 
between “ropey” collagen       

  Fig. 15.45    Chordoid 
meningioma. The epithelioid 
tumor cells form 
inter-anastomosing cords in 
a myxoid background       
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  Fig. 15.46    Meningeal 
sarcoma. Spindle-shaped 
tumor cells show marked 
atypia, a brisk mitotic activity, 
and no meningothelial 
differentiation       

  Fig. 15.47    Papillary 
meningioma. The tumor cells 
line the  fi brovascular cores of 
well-formed papillae       
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    15.7   Choroid Plexus Neoplasm 

 Neoplasms of the choroid plexus epithelium are 
found in or adjacent to the ventricles, including 
the cerebellopontine angle. Calci fi cation is com-
mon. They present a spectrum spanning from dis-
crete and easily resected benign papillomas to 
in fi ltrative high-grade carcinomas with interme-
diate forms:

   Choroid plexus papilloma, WHO grade I. This • 
benign neoplasm occurs in patients of all ages. 
Papillary fronds are lined by a single layer of 
cuboidal to columnar epithelia over 
 fi brovascular cores. The nuclei of the epithelia 
are bland, and mitotic activity is low 
(Fig.  15.50 ). Focal cytoplasmic clearing may 
be present. Occasionally, small islands of glial 
tissue are incorporated in the papillary cores, 

  Fig. 15.48    Papillary 
meningioma. The papillae are 
lined by neoplastic cells that 
still have meningothelial 
features, such as intranuclear 
pseudoinclusions ( upper left ) 
and whorls (not shown)       

  Fig. 15.49    Rhabdoid 
meningioma. The tumor cells 
have a well-developed 
cytoplasm that contains 
globular bodies and eccentric, 
frequently indented nuclei       
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but brain invasion, cytologic anaplasia, and 
necrosis are not seen.   
  Atypical choroid plexus papilloma, WHO • 
grade  II. This recently described  [  12  ]  intermedi-
ate grade of choroid plexus neoplasms is de fi ned 
by a mitotic count of  ³ 2 mitoses per 10 hpf, often 
accompanied by some of the following atypical 
features – increased cellularity, nuclear pleomor-
phism, solid growth, and necrosis (Fig.  15.51 ).   

  Choroid plexus carcinoma, WHO grade III. • 
These rare malignancies are found in young chil-
dren. Histologically, choroid plexus carcinoma 
consists of papillary structures and solid hyper-
cellular sheets of pleomorphic epithelial cells 
with readily identi fi ed mitoses, associated tumor 
necrosis, and brain invasion (Fig.  15.52 ). Poorly 
differentiated examples may be dif fi cult to dis-
tinguish from atypical teratoid/rhabdoid tumor.      

  Fig. 15.50    Choroid plexus 
papilloma. This WHO grade I 
tumor is composed of 
cylindrical cells lining 
papillary structures       

  Fig. 15.51    Atypical choroid 
plexus papilloma. This WHO 
grade II papillary tumor 
shows hypercellularity and 
occasional mitotic  fi gures 
( right lower corner )       
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    15.8   Hemangioblastoma 

 This WHO grade I vascular leptomeningeal neo-
plasm may occur anywhere in the neuraxis but 
most commonly present as cystic or solid enhanc-
ing masses in the posterior fossa. Up to 25 % of 
the patients with hemangioblastomas have famil-
ial (autosomal dominant) von Hippel-Lindau 
(VHL) disease caused by germ line mutations in 

the VHL tumor suppressor gene. This tumor con-
sists of abundant capillaries between neoplastic 
“stromal” cells with round or oval nuclei of vary-
ing size, abundant clear or vacuolated, lipidized 
cytoplasm, and distinctive cellular borders 
(Fig.  15.53 ). Occasional stromal cells have giant 
hyperchromatic nuclei indented by cytoplasmic 
vacuoles. Mitotic activity is low, and necrosis is 
rarely seen. Occasionally it may be confused with 
angiomatous and microcystic meningioma.   

  Fig. 15.53    Heman-
gioblastoma. This tumor is 
composed of numerous 
capillaries and sinusoids 
between vacuolated neoplas-
tic “stromal” cells       

  Fig. 15.52    Choroid    plexus 
carcinoma. This WHO grade 
III tumor invades the brain 
parenchyma. It has vacuolated 
cells and contains foci of 
necrosis       
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    15.9   Craniopharyngioma 

 This WHO grade II tumor typically presents in 
the form of a circumscribed, often cystic mass in 
the pituitary fossa and the suprasellar region. It 
consists of neoplastic, strati fi ed squamous epi-
thelia between supporting stroma that may show 
old hemorrhage. The epithelia line cystic spaces 
or form anastomosing sheets with no cytologic 
features of malignancy. Two morphologic vari-
ants have been described – papillary and 
adamantinomatous. The epithelia in the ada-
mantinomatous variant keratinize and form 
masses of “wet” keratins that tend to calcify or 
even ossify (Fig.  15.54 ). The surrounding gli-
otic parenchyma often contains prominent 
Rosenthal  fi bers.  
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