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Abstract As an anatomical interface between various
tissues, the skull base harbors an exceptionally broad va-
riety of neoplasms, some of which pose a mgor chal-
lenge for surgical pathology. The characterization of dis-
tinct immunohistochemical expression profiles and the
identification of molecular genetic alterations associated
with different tumor entities have significantly advanced
this field. The new World Health Organization (WHO)
classification of tumors of the nervous system lists 15
histopathological variants of meningioma. Of clinical
importance are those entities that carry an increased risk
of recurrence and a poor prognosis, i.e.,, the atypical
meningioma (WHO grade I1), clear-cell meningioma
(WHO grade I1), chordoid meningioma (WHO grade 11),
rhabdoid meningioma (WHO grade I11), papillary men-
ingioma (WHO grade I11), and anaplastic meningioma
(WHO grade 1Il). Diagnostic criteria for atypica and
anaplastic meningioma variants have now been strin-
gently defined. The differential diagnosis of meningio-
mas includes hemangiopericytoma, hemangioblastoma,
solitary fibrous tumor, sarcomas, and chordoid neo-
plasms. Recent data highlight the importance of distin-
guishing chordoma and chondrosarcoma of the skull
base since chondrosarcomas show a significantly better
clinical outcome. Among the less common, aggressive
tumor entities in this anatomical region, infiltrating pitui-
tary adenoma/pituitary carcinoma, superficial malignant
gliomas, rhabdomyosarcoma, olfactory neuroblastoma,
various sarcomas, and malignant lymphoma must be
considered. Profiles of molecular genetic aterations
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have been established for several of these neoplasms and
may facilitate the differential diagnosis. This review
summarizes recent developments in the histopathol ogical
characterization, classification, and molecular pathology
of neoplasms arising at the skull base.
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Introduction

The exceptionally broad variety of tumors that may af-
fect the skull base reflects its boundary and bridging
function for various tissues of different histogenetic ori-
gin. Maor tumor entities include meningiomas, non-
meningothelial tumors of the meninges, such as heman-
giopericytoma and solitary fibrous tumor, schwannomas,
chordomas, various types of sarcomas, and metastatic le-
sions. Here, we present an overview of this group of neo-
plasms and highlight some recent developments concern-
ing their differential diagnosis and molecular genetic
properties.

Meningiomas

The World Health Organization (WHO) classification of
brain tumors subdivides the tumors of meningothelial
cells into benign meningiomas of WHO grade | (includ-
ing eight different histopathological subtypes and meta-
plastic variants), atypical meningiomas of WHO grade
I1, anaplastic meningiomas of WHO grade I1I, and rare
meningioma subtypes of WHO grade Il or 11l [45]. In
contrast to the common types of benign meningiomas
(Fig. 1a), such as meningothelial, fibrous, transitional,
psammomatous, or angiomatous meningiomas (all WHO
grade 1), the following meningioma variants are less fre-
guently observed, display distinct histopathologic fea-
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Table 1 Common subtypes of meningioma World Health Organization (WHO) grade |

Meningothelial Fibrous/fibroblastic Transitional (mixed) Psammomatous Angiomatous
WHO grade I I | I I
Characteristic Lobules of Spindle-shaped Combination of Abundant Numerous
features arachnoidal-like fibroblast-like fibrous/meningothelial, psammoma blood vessels
cells, often cells, collagen rich concentric whorls bodies may obscure
syncytia meningioma
arrangement component
Table 2 Rare subtypes of meningioma WHO grade |. PAS periodic acid—Schiff; CEA carcinoembryonic antigen
Secretory Microcystic Lymphoplasmacyte-rich Metaplastic
WHO grade I I | I
Characteristic Keratin+ cells, Tumor cellswith Chronic inflammatory Osseous, cartilaginous,
features PAS+ CEA+ elongated processes infiltrates relegate lipomatous, myxoid,
pseudopsammoma in amicrocystic matrix, meningothelial or xanthomatous
bodies “astrocytoma’-like component to the
background

Table 3 Subtypes of meningiomas with higher risk for recurrence, aggressive behavior, or malignant transformation

Atypica Clear-cell Chordoid Anaplastic Papillary Rhabdoid
(intracranial) (malignant)
WHO grade I I I 11 Il Il
Characteristic 4-19s Cytoplasmic Lobules or >20 Perivascular Rhabdoid
features mitoses/10 HPF vacuolation, trabecul ae of mitoses/10 HPF, pseudopapillary tumor-cell
and/or =3/5: PAS+, more chordoid cells features of frank pattern, component,
high cellularity, aggressive in amyxoid malignancy far in cytokeratin frequently
small-cell matrix excess of atypical may be positive signs of
population with meningioma, anaplasia
enlarged nuclei, cytology similar
prominent to sarcoma,
nucleoli, carcinoma or
patternless, malignant
necrosis melanoma

tures, and may show an aberrant clinical behavior
(Table 1, Table 2, Table 3).

Secretory meningiomas (WHO grade 1) are character-
ized by epithelial differentiation as demonstrated by
the presence of glandular lumina containing periodic

Fig. 1 Meningiomas of different type and World Health Organiza-
tion (WHO) grade, including rare subtypes. a Classic feature of
transitional meningioma (WHO grade 1) with concentric (onion
bulb-like) tumor cell formations [hematoxylin and eosin (HE)].
b Secretory meningioma (WHO grade I) with intensively periodic
acid-Schiff (PAS)-positive secretory cytoplasmic inclusions
(pseudo-psammoma bodies). ¢ The rare papillary meningioma
(WHO grade I11) is characterized by the formation of perivascular
pseudopapillary architectures (vimentin). d Immunostaining for
vimentin highlights the accumulation of intermediate filaments in
rhabdoid tumor cells of rhabdoid meningioma (WHO grade I111).
Atypical meningiomas (WHO grade I1) show an increased prolif-
erative activity with a significant mitotic rate (e) and increased
MIB-1 labeling as a marker of cell proliferation (f). Anaplastic
meningiomas (WHO grade I11) present with highly increased mi-
totic activity (g) and/or signs of frank malignancy, such as sarco-
ma-like growth (h) (g and h, HE)

acid-Schiff (PAS)-positive (Fig. 1b) and carcinoembry-
onic antigen (CEA)-immunoreactive globules. Such
pseudo-psammoma bodies are surrounded by meningo-
thelial tumor cells showing cytokeratin expression. Ra-
diologically, secretory meningiomas are often character-
ized by a marked peritumoral edema in the adjacent
brain [1]. A microcystic matrix and a loose mucinous
background are major features of the microcystic menin-
gioma (WHO grade I) [45]. In clear-cell meningioma
(WHO grade 1), classical meningioma architecture may
be scarce. The tumor cells are characterized by a PAS
positive, vacuolated or clear cytoplasm. The preferred
location of this tumor in the cerebellopontine angle and
the cauda equina should be pointed out. Intracranial
clear-cell meningiomas may be associated with a more
aggressive behavior [97]. This variant corresponds to
WHO grade Il. Chordoid meningiomas (WHO grade I1)
show trabeculae of eosinophilic, vacuolated (chordoid)
cells in a myxoid matrix (Fig. 2g) and thus may mimic
the histological appearance of chordoma (Fig. 2a). Typi-
cal physaliphorous tumor cells, however, are absent in
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Table 4 Histologic criteriafor
the grading of atypical and ana-

Atypical meningioma

Anaplastic meningioma

plastic meningiomas. WHO

World Health Organization I

WHO grade
Histologic criteria

>3 of thefi

Increased cellularity

Small-cell

nucleus/cytoplasmic ratio

Prominent

Increased mitotic activity
(=4 mitoses/10 HPF) and/or

(=20 mitoses/10 HPF) and/or
features of frank malignancy

far in excess of the abnormalities
in atypical meningioma, i.e.,
cytology similar to sarcoma,
carcinoma, or melanoma

ve following features:
population with high

nucleoli

Uninterrupted patternless or sheet-like

growth

Foci of spontaneous or geographic

Necrosis

Brain invasion may be seen in both atypical and anaplastic meningioma

chordoid meningiomas. In addition, the presence of his-
tologic and immunohistochemical features of a classical
meningioma, i.e., whorl formation and immunostaining
for vimentin and epithelial membrane antigen (EMA;
Fig. 2h) in the absence of prominent cytokeratin expres-
sion, facilitates the differential diagnosis. Peri- and intra-
tumoral lymphoplasmacellular infiltrates may be promi-
nent in some cases of chordoid meningiomas, particular-
ly in tumors from young patients and may cause system-
ic manifestations of Castleman syndrome [39].
Polyclonal gammopathy and/or anemia can be associ-
ated with lymphoplasmocyte-rich meningioma (WHO
grade I), a rare meningioma subtype in which inflamma-
tory infiltrates often relegate the meningothelial compo-
nent to the background. Care must be taken to exclude
the diagnosis of other hematologic conditions arising in
the meninges or the bony skull base [45]. Another rare
variant of meningioma is the papillary meningioma,
which tends to occur in children [49]. These tumors are
histologically characterized by the formation of perivas-
cular pseudopapillary architectures (Fig. 1c). Clinically,
papillary meningiomas frequently show an aggressive
behavior with a tendency for recurrence, brain invasion,
and distant metastases [61]. Conseguently, these tumors
are graded as WHO grade I11 [44, 45]. An only recently
described novel entity of meningioma with unfavorable
prognosis is the rhabdoid meningioma [40, 64]. In addi-
tion to a prominent rhabdoid tumor cell population
(Fig. 1d), rhabdoid meningiomas frequently show histo-
logical signs of anaplasia, including a high mitotic rate

Fig. 2 Chondroid and chordoid neoplasms of the skull base a
Chordoma displays either highly vacuolated “physaliphorous’ or
“hepatocyte-like” epithelial cells arranged in rows and embedded
in a mucoid matrix [hematoxylin and eosin (HE)]. b An intensive
cytokeratin expression (Lu 5) is typical for chordomas. ¢ and d
Myxoid chondrosarcoma may present in some areas with a more
chordoid (c), in other areas with a more chondroid (d) appearance
(c and d, HE). e Cords and clusters of epitheloid eosinophilic tu-
mor cells in a mucoid matrix are also hallmarks of the chordoid
glioma (HE). f Chordoid gliomas, however, are characterized by
immunoreactivity for glial fibrillary acidic protein (GFAP). g Typ-
ical appearance of a chordoid meningioma (HE). h These tumors
express the epithelial membrane antigen (EMA)

and an elevated labeling index for the proliferation-asso-
ciated antigen Ki-67 (MIB1). Because of their aggressive
clinical course, rhabdoid meningiomas commonly corre-
spond to WHO grade IIl. A minority of meningiomas
present only focal rhabdoid features but otherwise do not
meet the histological criteria of malignancy; the behavior
and the grading of these tumorsisyet unclear [45].

Of great clinical importance is the histological dis-
tinction of the common benign meningiomas (WHO
grade 1) from atypical meningiomas (WHO grade I1)
[43] and the rare anaplastic (malignant) meningiomas
(WHO grade I11). Atypical meningiomas (Fig. 1e, f) are
histologically defined as meningiomas with increased
mitotic activity (Fig. 1e) and/or high cellularity, small-
cell population with nuclear atypia, prominent nucleoli,
patternless growth, and necrosis. Clinically, atypical
meningiomas are associated with a significantly higher
rate of recurrence than meningiomas WHO grade | [63].
Thus, patients with an atypical meningioma should be
followed up at regular intervals after surgery. Anaplastic
meningiomas (Fig. 1g, h) are characterized by histologic
features of frank malignancy far in excess of the abnor-
malities in atypical meningioma [45]. These tumors re-
quire adjuvant postoperative radiotherapy. Some investi-
gators have proposed more stringent criteria for the grad-
ing of meningiomas, which are mainly based on the mi-
totic index [51]. At a recent expert meeting for the revi-
sion of the WHO classification of tumors of the central
nervous system [45], the criteria for the grading of men-
ingiomas have been substantially revised (Table 4). The
diagnosis of atypical meningioma requires either a mito-
tic rate of four or more mitotic figures per 10 HPFs (de-
fined as 0.16 mm?) or at least three of the following fea-
tures: (1) increased cellularity, (2) small-cell population
with high nucleus:cytoplasmic ratio, (3) prominent nu-
cleoli, (4) uninterrupted patternless or sheet-like growth,
and (5) foci of spontaneous or geographic necrosis. The
major diagnostic criterion for anaplastic meningioma
will be a striking mitotic activity (Fig. 1g), exceeding 19
mitoses per 10 HPF [65] and/or a frankly malignant phe-
notype, i.e., carcinoma-, sarcoma- (Fig. 1h) or melano-
ma-like features and large areas of necrosis. A maor
clinical factor associated with the risk of recurrence in
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meningiomas is the extent of surgical resection [30, 32],
which can be influenced by the site of occurrence, at-
tachment to intracranial structures, and the age of the pa-
tient. Other clinical parameters have not been confirmed
as predictors for the risk of recurrence [45]. The tumor
grade [51] is the most important histological property to
determine the likelihood of recurrence (Table 1, Table 2,
Table 3). Malignant histological features are associated
with shorter survival times [35]. Brain invasion suggests
a greater likelihood of recurrence but does not by itself
allow the diagnosis of anaplastic meningioma (WHO
grade I11). Brain-invasive meningiomas which otherwise
do not fulfill histological criteria of anaplasia appear to
behave similarly to atypical meningiomas [63]. MIB-1
labeling indices above 5-10% (Fig. 1f) suggest a greater
likelihood of recurrence [45]. However, due to the vari-
ability of this reaction between different laboratories, an
increased MIB-1 index does not qualify as a single diag-
nostic criterion for aWHO grade I1. Atypical or anaplas-
tic meningiomas more frequently lack progesterone re-
ceptors [17]. Progesterone receptor-negative meningio-
mas tend to be larger than progesterone receptor-positive
meningiomas [6, 27].

Meningiomas were among the first solid human tu-
mors for which characteristic cytogenetic changes could
be identified [95]. The most consistent karyotypic altera-
tion is the loss of one chromosome 22 [94]. More recent
molecular genetic studies (Fig. 3) have identified muta-
tions in the neurofibromatosis 2 (NF2) gene on the long
arm of chromosome 22 as an important alteration associ-
ated with the development of meningiomas [73], espe-
cially those with fibrous or transitional histological ap-
pearance [91]. Mutations of the NF2 gene are detected in
40-60% of sporadic meningiomas [91]. These mutations
result in a loss of expression of the NF2 gene product
merlin (schwannomin). Loss of heterozygosity (LOH) at
chromosome 22q is found at an ever higher rate, up to
50-70%, indicating that this chromosomal arm may har-
bor yet another meningioma-related gene [84]. Increased
degradation of merlin by the proteolytic enzyme calpain
has been suggested as an alternative mechanism of NF2
inactivation in some meningiomas and schwannomas
without NF2 gene mutations [41]. To determine a corre-
lation between merlin loss and NF2 gene alterations or
calpain activation, Ueki et al. [84] carried out a molecu-
lar genetic analysis of 50 sporadic meningiomas and ex-
amined the expression status of merlin and micro-cal-
pain. LOH analysis of five microsatellite markers flank-
ing NF2 revealed LOH in 22 cases; single-strand confor-
mation polymorphism analysis detected six frameshift
mutations, two splicing mutations, one nonsense muta-
tion, and one missense mutation, all accompanied by
LOH 22q. In addition, a multiplex polymerase chain re-
action (PCR) assay showed homozygous deletion of NF2
in two cases. Interestingly, a marked decrease of merlin
expression was seen exclusively in those 22 cases with
LOH 22q. Increased micro-calpain expression was ob-
served in 28 cases but showed no correlation with merlin
status. These data strongly support the notion that NF2 is

Gain on

1q, 9g, 12g, Amp. on
Loss on 15q, 17q, 20q 17q
22q (NF2) Loss on Loss on
18p (DAL-1) 1p, 69, 10q, 9p (CDKN2A),
14q, 189
+ Benign * Atypical + Anaplastic
Meningeal Cell |=#®| Meningioma |=#®-| Meningioma =~ | Meningioma
WHO grade | WHO grade Il WHO grade Il

Fig. 3 Model of genomic aterations in meningioma progression
[89]. Gains and losses are given before the tumor grade in which
they arefirst detected at a frequency of more than 30%

the mgjor target of LOH 22q in meningiomas and that
loss of merlin expression is usually caused by genetic al-
terations of NF2, following the classic “two hit” theory.
Merlin is a member of the protein 4.1 family of mem-
brane-associated proteins, which also includes ezrin, ra-
dixin, and moesin. Recently, another protein 4.1-related
tumor suppressor gene, DAL-1, located on chromosome
18p11.3 was identified [22]. Reduced expression of
DAL-1 was reported as an early event in the pathogene-
sis of meningiomas [22].

Progression to atypical and anaplastic meningioma
(Fig. 3) is associated with an accumulation of multiple
genetic and chromosomal alterations [89]. Atypical men-
ingiomas frequently show loss of genetic information at
putative tumor suppressor gene sites on chromosome
arms 1p, 6q, 10q, 14q, and 18q [89]. These chromosome
arms are even more frequently affected by deletions in
anaplastic meningiomas. In addition, anaplastic meningi-
omas may show homozygous deletion of the CDKN2A
tumor suppressor gene on 9p21 and amplification of se-
guences from 17923 [89]. Demonstration of some of
these genetic aterations, i.e., loss on 1p, may eventually
become important as a molecular diagnostic tool for
meningioma grading and prognostication (Fig. 3).

Other non-meningothelial neoplasms
of the meninges

The fact that hemangiopericytomas may primarily devel-
op in the meninges has previously led to their classifica-
tion as a subtype of meningioma, i.e., the hemangioper-
icytic meningioma [98]. However, meningeal hemangio-
pericytomas are morphologically identical to hemangio-
pericytomas arising at other sites (Fig. 4e, f). Further-
more, hemangiopericytomas demonstrate distinct immu-
nohistochemical, ultrastructural, and molecular genetic
features that clearly separate these tumors from the men-
ingiomas. Thus, the revised WHO classification lists
hemangiopericytomas as a separate tumor entity under
the category of non-meningothelial tumors of the menin-
ges. Hemangiopericytomas are graded as WHO grade |1
or grade |11 tumors depending on histological features of
malignancy, such as increased mitotic activity, necrosis,
and cellular pleomorphism. Determination of the MIB-1
labeling index may also be of prognostic value [54]. Mo-
lecular genetic studies have revealed that hemangioperi-
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Fig. 4 Histogenetically different tumors of the meninges with his-
tologically similar appearance. Fibrous/fibroblastic meningioma
[World Health Organization (WHO) grade I] with elongated tumor
cells [a, hematoxylin and eosin (HE)] are embedded in a fibrous
matriX. Immunohistochemically, the tumor cells stain positive
with antibodies to epithelial membrane antigen (b, EMA). The
solitary fibrous tumor (SFT) is immunohistochemically character-
ized by an intensive staining reaction for CD34 (c). Slit-like or
large gaping, stag horn-shaped, diluted blood vessels may be seen
in SFT (d). However, such vessels are more characteristic for
meningeal hemangiopericytoma, the typical histological appear-
ance of which isshown ineand f (e, HE; f, vimentin)
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cytomas generally lack mutations in the NF2 and TP53
genes but do carry homozygous CDKN2A deletions in
about 25% of the cases [34, 59]. Cytogenetically, heman-
giopericytomas usually demonstrate near diploid or hy-
perdiploid karyotypes and lack deletions of chromosome
22 [96]. Translocations involving the long arm of chro-
mosome 12 have been reported as recurrent alterations
[24, 25].

Recently, the solitary fibrous tumor (SFT) has been
described as a novel tumor entity. Primary locations of
SFT include the visceral pleura or mediastinum and, less
commonly, the orbit [92]. Occasionally, SFT may arise
in the meninges [12] (Fig. 4c, d). Here, it may pose prob-
lems in surgical pathology, because the differential diag-
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nosis (Fig. 4a—f) of SFT from meningeal hemangioperi-
cytoma (Fig. 4€) and fibrous meningioma (Fig. 4a) can
be a difficult task [12]. However, SFTs are generally
strongly positive for CD34 (Fig. 4c), in contrast to a
weaker and usually patchy CD34 expression seen in
hemangiopericytomas and a fraction of fibrous meningi-
omas [62]. Fibrous meningiomas can be further distin-
guished by their expression of EMA (Fig. 4b) and, less
consistently, S-100 [62]. Data on molecular genetic alter-
ations in meningeal SFT are not yet available. A study
employing comparative genomic hybridization (CGH)
for the analysis of SFT from pleura and other soft tissue
sites revealed that tumors larger than 10 cm in diameter
usually carry multiple chromosomal imbalances, most
commonly including gains on chromosomes 5, 7, 8, 12,
and 18 [55]. These alterations were neither detected in
small SFTs of less than 10 cm in diameter nor in heman-
giopericytomas.

In addition to hemangiopericytomas and SFTs, vari-
ous other non-meningothelial tumors may arise in the
meninges, including various benign and malignant mes-
enchymal tumors that are typically found in peripheral
soft tissues.

Various melanotic neoplasms may affect the skull
base region. Whether melanotic meningiomas really ex-
ist remains to be determined [45]. Primary melanocytic
lesions of the central nervous system and its coverings
are thought to arise from leptomeningeal melanocytes
that are derived from the neural crest. These neoplasms
include not only malignant melanoma but also benign
mel anocytoma and melanocytoma of intermediate digni-
ty. Diffuse melanosis carries a poor prognosis even in the
absence of histologic malignancy [70]. Melanocytoma
lacks anaplastic features, but it is prone to undergo mul-
tiple local recurrences and to invade adjacent structures,
such as bone [19, 33]. Maignant melanoma is a highly
aggressive and radioresistant tumor with poor prognosis.
It may metastasize to remote organs. The prognostic sig-
nificance of a histologic pattern intermediate between
melanocytoma and malignant melanoma is uncertain
[45].

Schwann cell neoplasms

Schwannoma is a common tumor of peripheral nerves
and accounts for about one-third of spinal and approxi-
mately 8% of intracranial tumors [43]. Intracranial
schwannomas preferentially arise from the vestibular
branch of the eighth cranial nerve and are located in
the cerebello-pontine angle. Most of these vestibular
schwannomas occur sporadically. Bilateral vestibular
schwannomas are pathognomonic for neurofibromatosis
type-2. The NF2 gene is altered by mutations or dele-
tions in both NF2-associated and sporadic schwannomas
[31]. Various terms have previously been used for malig-
nant variants of Schwann cell neoplasms, such as malig-
nant schwannoma, anaplastic neurinoma, neurofibrosar-
coma, Or neurogenic sarcoma. These tumors are now

uniformly classified as malignant peripheral nerve sheath
tumors (MPNST). MPNST may arise either sporadi-
caly or in patients with neurofibromatosis type-1 (von
Recklingshausen’s disease). In the latter patients, pro-
gression from low-grade peripheral nerve sheath tumors,
such as the pathognomonic plexiform neurofibroma may
occur. A recent molecular cytogenetic investigation of
MPNST reported on frequent gains of genomic material
on chromosomal bands 17g24-g25, 7pl1-pl3, 5pl5,
8022-g24, and 12q921-g24 and losses on 9p21-p24,
13g14-g22, and 1p [52]. Furthermore, MPNST demon-
strate increased levels of Ki67- and/or p53-positive tu-
mor cells, a finding that is of diagnostic and prognostic
importance [42].

Chordoma and other chordoid and
chondroid neoplasms

Chordomas are neoplasms derived from remnants of the
embryonic notocord. Major sites of manifestation in-
clude the clivus (cranial margin of the notochord) and
the caudal spinal canal. A puzzling feature of chordomas
is their aggressive behavior, which frequently contrasts
with a differentiated morphological phenotype (Fig. 2a,
b). Cranial and cervical chordomas can spread by para-
or retropharyngeal extension to the region of the salivary
glands or the jaw and may simulate a primary tumor of
these structures. Metastasizing chordomas, however, are
extremely rare. Spinal seeding has been reported in only
five cases [85]. For the surgical neuropathologist, the
distinction of chordoma, pleomorphic adenoma, mucino-
us carcinoma, and chondrosarcoma (Fig. 2c, d) may pose
a diagnostic challenge. Immunohistochemical techniques
are required to establish the diagnosis [75]. Coexpres-
sion of S-100 and cytokeratin (Fig. 2b) is characteristi-
cally encountered in chordomas [10].

In 1973, Heffelfinger et al. [23] described a variant of
chordomas that contained cartilaginous areas indistin-
guishable from certain chondrosarcomas (Fig. 2c). They
designated these tumors as chondroid chordomas and ob-
served a better prognosis compared with classic (non-
chondroid) chordomas. Since this original observation,
there has been an ongoing debate whether chondroid
chordoma represents a distinct clinicopathologic entity
separable from chondrosarcoma and classic chordoma or
whether it constitutes a variant of chondrosarcoma. Clin-
icad and histopathological observations suggest that
many of the tumors previously classified as chondroid
chordoma may, in fact, be low-grade myxoid chondro-
sarcomas [68].

In 1987, Brooks et al. hypothesized that chondroid
chordoma displays a hybrid or mixed pattern of immuno-
reactivity. Thus, an epithelial phenotype would be ex-
pected in chordomatous areas and a mesenchymal (non-
epithelial) phenotype in cartilaginous areas. An analysis
of 7 chondroid chordomas was performed and compared
with results obtained on fetal notochord and fetal carti-
lage of 9-week and 12-week gestational age, 18 classic



chordomas, 2 peripheral chondromas, and 8 peripheral
chondrosarcomas. All 18 chordomas exhibited the ex-
pected epithelial immunophenotype with positive stain-
ing reactions for both monoclonal and polyclonal anti-
bodies to cytokeratin and EMA. In contrast, al chondro-
mas and chondrosarcomas failed to express any of the
epithelial markers and contained only S-100 immunore-
activity. Chondroid chordoma resembled cartilaginous
tumors immunohistochemically; no mixed pattern with
focal or widespread epithelial marker reactivity was
identified. The authors concluded that chondroid chordo-
ma either does not exist or is extremely rare and that
these tumors are usually cartilaginous in nature [8].

Given the observation that classic or nonchondroid
chordomas were uniformly immunoreactive for keratins
and that the vast mgjority of chondroid chordomas lack
epithelial markers, these tumors indeed appear to repres-
ent chondrosarcomas. Mitchell et al. (1993) performed
immunohistochemical studies on 25 patients with chon-
droid chordoma (mean age 40.0 years) and on 16 pa-
tients with classic chordoma (mean age 44.2 years). All
classic chordomas reacted for keratins as did 8 (32%) of
the 25 chondroid chordomas; 44% of classic and 85% of
chondroid chordomas were positive for S-100 protein. At
5 years, all patients younger than 40 years of age were
alive in both the classic and chondroid groups. In con-
trast, of those patients older than 40 years of age, only
22% with classic chordomas and 38% with chondroid
chordomas were alive. This finding led to the conclusion
that regardless of tumor subtype, age is the single most
important variable determining survival; patients young-
er than 40 years of age do better than older patients.
There were no significant survival differences between
patients with cartilage-containing tumors that are keratin
immunopositive (“true” chondroid chordomas) or nega-
tive (chondrosarcomas). Immunostaining for keratins
was, therefore, of no prognostic value in assessing chon-
droid lesions of the spheno-occiput [56].

In another attempt to clarify the issue, Rosenberg
et al. (1994) studied 12 chondroid chordomas, 38 classic
chordomas, and 28 chondrosarcomas that arose at the
base of the skull or in the spine. As areference, they also
analyzed the immunohistochemical profile of fetal noto-
chord, ecchordosis physaliphora, and fetal hyaline carti-
lage. It was found that all chondroid and nonchondroid
chordomas were positive for cytokeratin, and the majori-
ty was also positive for EMA and CEA. In contrast, none
of the chondrosarcomas stained for cytokeratin, EMA, or
CEA. Vimentin and S-100 were positive in more than
95% of both classic chordomas and chondroid chordo-
mas, and chondrosarcomas. The immunohistochemical
profile of these tumors was similar to their nonneoplastic
counterparts. The authors concluded that chondroid
chordoma is a variant of chordoma and should not be
confused with chondrosarcomas. Because chondroid
chordomas have been reported to have a better progno-
sis, they felt that this nosologic term should be preserved
and that chondroid chordoma should continue to be a fo-
cus of clinical and pathologic study [71].
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A critical review of the literature and their own expe-
rience with cartilaginous tumors of the skull base led
Ishida and Dorfman [29] to the following conclusions:
chondrosarcoma of the skull base is a distinct clinico-
pathological entity. The immunohistochemical staining
pattern (cytokeratin negative, EMA negative; S-100 pos-
itive) can be helpful in distinguishing it from chordoma
with chondroid differentiation (chondroid chordoma;
cytokeratin positive, EMA positive). The chondroid
chordomas originally described by Heffelfinger et al.
may have included some true chondrosarcomas with fo-
cal areas of myxoid chordoma-like appearance. Focal
chondroid differentiation in chordoma is not a rare phe-
nomenon. Further studies are needed to define whether
chordoma with chondroid foci should be distinguished
from conventional chordoma and considered a distinct
entity associated with a better prognosis[29].

Recent data suggest that immunohistochemical detec-
tion of tau proteins [28] and molecular genetic analysis
[9] can facilitate the distinction of chordoma and chon-
drosarcoma. However, these findings need to be con-
firmed. Clinical studies indicate that the distinction be-
tween chordoma and low-grade chondrosarcoma may be
clinically relevant, with a significantly better outcome
for the chondrosarcoma group. Gay et a., in 1995 [18],
analyzed 60 patients with cranial base chordoma (n=46)
or low grade chondrosarcoma (n=14) treated by exten-
sive surgical resection. They found that chondrosarcoma
had a better prognosis than chordoma (recurrence-free
survival rates at 5 years: 90% and 65%, respectively;
P=0.09) [18]. Castro et al. [13] reviewed their experi-
ence with charged particles to irradiate primary neo-
plasms of the skull base and those extending to the skull
base from the nasopharynx and paranasal sinuses. From
223 patients, 126 patients had lesions of the cranial base
(53 chordomas, 27 chondrosarcomas, 27 paraclival men-
ingiomas, and 19 patients with other tumors, such as os-
teosarcoma or neurofibrosarcoma). In addition, 31 pa
tients with primary or recurrent squamous carcinoma of
the nasopharynx extending to the skull base, 44 patients
with salivary gland tumors, mostly adenocarcinoma, and
22 patients with squamous carcinoma of the paranasal si-
nuses, all with cranial base extension were also included.
The results demonstrated Kaplan—-Meier 5-year local
control rates of 85% for meningioma, 78% for chondro-
sarcoma, 63% for chordoma, and 58% for other sarco-
mas [13].

The differential diagnosis of chordoma includes other
chordoid neoplasms (Fig. 2a-h), in particular chordoid
meningioma (Fig. 2g, h) and chordoid glioma (Fig. 2e,
f). The term “chordoid glioma’ was recently introduced
to denote a circumscribed, apparently low-grade neo-
plasm arising in the suprasellar/third ventricular region.
These tumors were originally described in 1998 by
Brat et al. [7], who reported on a series of eight patients
(seven females and one male; age ranging from 31 years
to 70 years) which, on neuro-imaging, presented with
well-circumscribed, contrast-enhancing third ventricular
masses. A cystic component was noted in two patients.
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Histologically, chordoid gliomas consist of cords and
clusters of epithelioid cells with abundant eosinophilic
cytoplasm and relatively uniform nuclei in a mucoid ma-
trix (Fig. 2e). Significant mitotic activity is not found,
and the MIB-1 labeling index is usually low. Lympho-
plasmacellular infiltrates may be prominent throughout
the tumor and at its well-defined borders. Adjacent brain
tissue displays reactive changes with gliosis and numer-
ous Rosentha fibers. Immunohistochemically, the ma-
jority of neoplastic cells are positive for glia fibrillary
acidic protein (GFAP) (Fig. 2f), vimentin, and CD34
[69]. Minor fractions of tumor cells may be immunore-
active for S100 protein, EMA, and cytokeratins. Thereis
no evidence for neuroendocrine differentiation or for ex-
pression of estrogen and progesterone receptors. Ultra-
structural examination of chordoid gliomas revealed fo-
cal microvilli, scattered “intermediate” junctions, and fo-
cal basal lamina formation. Molecular genetic investiga-
tions showed neither chromosomal imbalances nor de-
tectable alterations in the TP53, CDKNZ2A, EGFR,
MDMZ2, and CDK4 genes [69]. At present, this tumor is
considered a novel glial tumor entity of uncertain histo-
genesis but with distinct clinicopathologic features.

Metastatic tumors and neoplasms infiltrating
per continuitatem

The base of the skull can be the site of hematogenic me-
tastases of various malignancies. More often, it is infil-
trated per continuitatem by malignant and benign tumors
originating from surrounding tissues [13]. The pituitary
gland, as an endocrine organ, can be atarget for metasta-
sizing carcinomas of other endocrine glands or hormon-
aly regulated organs. Diffusely infiltrating pituitary ade-
nomas may extend through the dura mater and spread via
adjacent bones into the mucosa of nasal and paranasal
cavities; 15% of such invasive adenomas have also been
found to express p53 immunoreactivity, a feature gener-
ally lacking in noninvasive adenomas and present in
nearly al pituitary carcinomas, also according to the new
WHO classification of endocrine tumors [79]. The new
WHO classification of endocrine tumors [79] introduces
the term “atypical adenoma’ of the pituitary gland, the
criteria for which include conspicuous mitotic activity
and a MIB-1 labeling index greater than 3%. The diag-
nosis of “typical” and “atypical” adenoma is not based
upon an expansive or invasive growth pattern, respec-
tively. The term “pituitary carcinoma’ should be restrict-
ed to such tumors of adenohypophysea cells showing
craniospinal or systemic metastases, and/or aggressive
brain invasion [79]. Consequently, atypical adenoma and
carcinoma of the pituitary gland correspond to WHO
grade Il and WHO grade I11/1V, respectively.
Histologically, benign meningiomas may infiltrate the
skull base and destroy the orbit and/or nasal cavities
[11]. Olfactory neuroblastoma is a malignant neuroecto-
dermal tumor which may extend through the bony struc-
tures of the nasal and paranasal cavities into the anterior

intracranial fossa [44]. The melanotic neuroectodermal
tumor of infancy (MNTI) or melanotic progonoma con-
stitutes a rare neoplasm that generally arises in the max-
illa. Involvement of bones of the cranial vault or other
extracranial bones is rare [11]. MNTIs consist of both
variably pigmented epithelium and islands of neuroblas-
tic cells that may create a fibrillary background. The pig-
mented cells form clusters, glands, or tubules that, in
some cases, surround islands of neuroblasts. Because of
similar cellular components, melanotic medulloblastoma
may be difficult to distinguish. MNTI is, however, al-
most aways benign and located extracranialy [44].
Sinunasal carcinomas and other carcinomas of the upper
respiratory tract and adenocarcinomas and adenoid-
cystic carcinomas of the salivary and lacrimal glands
may show diffuse infiltration and destruction of the cra-
nial base. Pilocytic astrocytomas sometimes grow dif-
fusely into the subarachnoidal space and may extend into
structures of the base of the brain, such as cranial nerves
and the optic chiasm, hypothalamus, and other suprasel-
lar structures [11]. In rare cases, glioblastoma and, more
often, gliosarcoma, may infiltrate dura and bone. Mesen-
chymal elementsin the skull base region may giverise to
avariety of soft tissue tumors.
Major examples include the following entities:

Rhabdomyosarcoma

Rhabdomyosarcomas are malignant neoplasms that show
evidence of primary skeletal muscle differentiation. In
the skull base region, the embryonal subtype of rhabdo-
myosarcomas is predominantly observed [53, 67]. The
diagnosis of rhabdomyosarcoma relies on features of
skeletal muscle differentiation at the light microscopic
(Fig. 5a), immunochistochemical (Fig. 5b), molecular, or
electron microscopic level. The most specific markers
for skeletal muscle differentiation include antibodies to
MyoD1 and myogenin (myf 4) [81, 88, 93], both of
which are members of the regulatory MyoD family [60].
Their expression can also be studied using areverse tran-
scriptase PCR protocol [16].

The prognosis of embryonal rhabdomyosarcoma is
intermediate, while alveolar and pleomorphic subtypes
are associated with poor outcome [58]. TP53 muta-
tions and nuclear accumulation of p53 protein appear to
be associated with an adverse outcome [3, 37]. Cyto-
genetic studies may aid in separating these subtypes.
Most cases of alveolar rhabdomyosarcomas carry either
a t(2;13)(g35;q14) translocation or, less frequently, a
t(1;13)(p36;q14) translocation, as demonstrated by in-
terphase fluorescent in situ hybridization (FISH) [4, 77].
The translocation results either in a fusion between
PAX3 on chromosome 2 and the transcription factor
gene FKHR on chromosome 13 [5] or in a fusion of
FKHR with PAX7 [15]. These fusion products can be
detected using reverse transcription PCR [2]. They
are not present in embryona rhabdomyosarcomas,
which exhibit a deletion on the short arm of chromo-



Fig. 5 a, b Mesenchymal tumors of the skull base and their histo-
logic characteristics. Embryonal rhabdomyosarcoma with rhabdo-
myoblasts [a, hematoxylin and eosin (HE)], which immunohisto-
chemically stain positive for desmin (b). ¢, d Monophasic fibrous
synovial sarcoma may present with variable histologic features
(HE)

some 11 [74]. These findings may aid in the differen-
tial diagnosis, but it has to be emphasized that they
cannot replace a conventional histologic examination.
Some aveolar rhabdomyosarcomas carry no chromo-
somal translocation.

Synovial sarcoma

Synovia sarcoma represents a malignant mesenchymal
neoplasm with biphasic morphologic appearance. It oc-
curs at any age and at various anatomic locations. A
small but significant proportion of cases develop intra-
cranially and may involve the skull base [46, 78].
Morphololgically, biphasic (Fig. 6b) and monophasic-
fibrous tumors (Fig. 5¢, d) can be distinguished. Immu-
nohistochemical evidence for epithelial differentiation
(cytokeratin and/or EMA positivity) is helpful in differ-
entiating the monophasic-fibrous variant from other
spindle-cell sarcomas (i.e., malignant peripheral nerve
sheath tumors or fibrosarcomas). Many synovial sarco-

mas are bcl-2 and CD99 positive [26, 82]. CD99 positiv-
ity may pose differential diagnostic problems in distin-
guishing poorly differentiated synovial sarcomas from
peripheral primitive neuroectodermal tumors (pPNET).
Approximately one-third of pPNETS react with antibod-
ies to broad spectrum cytokeratins. Machen and cowork-
ers have recently shown the utility of immunohistochem-
istry to cytokeratin 7 in identifying synovial sarcomas
and excluding pPNET [50]. Approximately 30% of sy-
novial sarcomas are S-100 protein positive [21], which
raises the differential diagnosis towards malignant pe-
ripheral nerve sheath tumors. The combination of S-100
protein, cytokeratin, and EMA positivity supports the di-
agnosis of synovial sarcoma. In addition, CD99 immu-
noreactivity appears more common in synovial sarcoma
compared with MPNST [47].

Most synovia sarcomas (90-95%) carry a chromo-
somal translocation involving chromosomes X and 18
(t(X;18)(p11.2;q11.2) [14, 83]. This particular transloca-
tion (Fig. 6¢) has not been found in other soft tissue sar-
comas [86]. It generates a fusion transcript between SYT
on 18q11.2 and either SSX1 or SSX2 (two highly homol-
ogous genes at Xpll) [48]. These hybrid genes can be
useful diagnostic markers for distinguishing synovial
sarcomas from malignant peripheral nerve sheath tumors
[4]. Moreover, a better prognosis has been reported for
those synovia sarcomas carrying a SYT/SSX2 fusion
gene [38].



Fig. 6 Mesenchymal tumors of the skull base and their histologic
characteristics. a The microscopic appearance of mesenchymal
chondrosarcomas is divergent. Well-differentiated tumor areas
with formation of cartilage contrast with undifferentiated small-
cell areas [hematoxylin and eosin (HE)]. b Typical appearance of
a biphasic synovial sarcoma (HE). ¢ Nucleus from paraffin-em-
bedded synovia sarcoma. Double-color fluorescent in situ hybrid-
ization (FISH) with chromosome 18-specific paint, direct labeled
with fluorescein isothiocyanate (FITC; VYSIS) and chromosome
X centromere-specific probe labeled with digoxigenin and detect-
ed with rhodamine (ONCOR). Appearance of chromosome 18
painting probe showing three green fluorescent signals of unegual
size. One of the smaller signals and the red X centromere signal
are adjacent in one region, indicating the derivative X chromo-
some. The derivative 18 chromosome is indicated by the other
small green fluorescence signal. d Nasopharyngeal angiofibromas
are histologically characterized by vascular spaces of varying cali-
ber and a fibrous stroma with stellate or spindle-shaped cells.
Most stromal cells are fibroblasts (HE)

The enigmatic malignant fibrous histiocytoma

According to the WHO classification of soft tissue tu-
mors [90], malignant fibrous histiocytoma (MFH) rep-
resents a pleomorphic spindle-cell sarcoma without a
distinct line of cellular differentiation. With these prop-
erties, the term “pleomorphic sarcoma, not otherwise
specified” would appear more appropriate for these tu-
mors. It is well known that a wide range of other sarco-
mas may mimic MFHSs; even carcinomas, melanomas,
and lymphomas may show a similar morphologic pat-

tern. MFHs have been described in nearly every anatom-
ic location [36, 66], including the skull base [57]. Cyto-
genetic studies have supported the concept that MFH
encompasses a heterogeneous group of neoplasms [87].

Extraskeletal mesenchymal chondrosarcoma

Approximately, 30-50% of mesenchymal chondrosarco-
mas develop in soft tissues [76]. Remarkably, nearly
one-third of extraskeletal cases arise in the brain and
meninges and may show invasive growth into the skull
base [ 76, 80]. The microscopic appearance of mesenchy-
mal chondrosarcomas is characterized by a combination
of well-differentiated tumor areas with formation of car-
tilage and undifferentiated small-cell elements (Fig. 6a).
The former areas may appear benign or display features
of a well-differentiated chondrosarcoma. In the malig-
nant, small-cell component, staghorn-shaped vascular
spaces reminiscent of the vascularization in hemangiope-
ricytoma can be encountered. Thus, the differential diag-
nosis includes hemangiopericytoma but also other small-
cell malignancies, such as Ewing's sarcoma/pPNET,
small-cell osteosarcoma, and malignant lymphoma. Re-
cently, Granter et al. [20] demonstrated a consistent,
strong CD99 positivity in mesenchymal chondrosarco-
mas, which renders their distinction from Ewing'’s sarco-
ma/pPNET difficult in some cases [72]. Although small-
cell osteosarcoma may show chondroid differentiation



and a hemangiopericytomatous pattern, the occurrence
of islands of well-developed cartilage is extremely un-
usual for these tumors.

In conclusion, a broad spectrum of tumors may in-
volve the base of the skull. Neuroectodermal, meningo-
thelial, epithelial, and mesenchymal tumors and hemato-
logical malignancies have to be considered in the differ-
ential diagnosis. Recent progress in the immunohisto-
chemistry and molecular genetics of major tumor types
have greatly facilitated the nosologic classification and
differential diagnosis of the various skull base neo-
plasms. It is hoped that the identification of novel molec-
ular alterations will further refine the diagnosis of these
tumors and provide more reliable molecular markers for
predicting the prognosis and the response to adjuvant
therapy of individual patients.
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