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Introduction

Chordomas are rare, histologically benign, but clinically
aggressive tumors of the axial skeleton first described in 1856
by both Virchow and Luschka.'? The tumor discovered by
Virchow was found within the clivus during a routine autopsy,
prompting the theory that the tumor had arisen from cartilage.
In 1858, Muller was the first to suggest that chordomas may
originate from embryonic rests of the primitive notochord, the
“chorda dorsalis.”™ The first description of a symptomatic
chordoma was made in 1864 by Klebs, in a patient with a tumor
of the sphenooccipital region.* In 1894, Ribbert was the first to
use the term “chordoma” and further characterized Muller’s
theory by producing experimental chordomas after releasing
tissue of notochordal origin from the nucleus pulposus of
rabbits.>® The tumors produced in these experiments were
histologically similar to de novo chordomas. The experiments
of Ribbert were replicated by Congdon in 1952 using a similar
rabbit model.”

The modern theory of the origin of chordomas proposes that
the tumors derive from embryonic rests of the primitive
notochord that persist within the axial skeleton.*'" The noto-
chord forms from ectodermal cells during the third or fourth
week of development and is believed to act as an embryonic
organizer."” During the fourth to sixth week of development,
mesenchymal cells from adjacent sclerotomes envelop the
notochord as they merge to form the spinal vertebral bodies.*'?
The notochord degenerates during this process and by the
seventh week remains only between the vertebral bodies as the
nucleus pulposus of the intervertebral disks. Pathological
studies of tissue using both light and electron microscopic
techniques have demonstrated similarities between chordoma
and human intervertebral disk.** It is postulated that incom-
plete degeneration of residual notochord may occur within
the vertebral body at the junction of the adjacent sclerotomal
regions. These incompletely degenerated rests can potentially
undergo malignant transformation and develop into a chordoma.
Investigations of the persistence and regression of the human

notochord in fetuses of 4-18weeks’ gestation suggest that
there is great variation in this process and that the presence of
aberrant notochordal tissue is not uncommon." Furthermore,
the topographical distribution of these heterotopic notochordal
rests corresponds closely to the common sites of chordoma in
the adult (i.e. sacrococcygeal, clivus).'*'* Autopsy studies
reveal rests of presumed notochordal tissue anterior to the
clivus and around the sacrum in up to 2% of cases.'*!"

Finally, a shared immunophenotype is noted between
notochordal and chordoma cells, with both types of cells
containing S-100 protein, cytokeratins, and human epithelial
polymorphic mucin."

Tumor epidemiology

Chordomas are rare neoplasms, representing only 0.1-0.2%
of all intracranial tumors, 6.15% of all primitive skull base
tumors, and 1-4% of primary malignant bone tumors.* '
They can arise anywhere within the midline axial skeleton
where the notochord existed (i.e. clivus, sellar and parasellar
region, nasopharynx, foramen magnum, vertebrae, and sacro-
coccygeal region), but have a predilection for the sacrum and
clivus. In adults, approximately 50% of chordomas arise in the
sacrum, 35-40% within the base of skull and clivus, and
10-15% throughout the true vertebrae.* ''>"'7 When chordomas
affect the vertebral column, more than half will occur in the
lumbar region, 25-30% in the cervical vertebrae, and 10-15%
in the thoracic spine.'® In children, chordomas most often
involve the skull base.'®!"” On rare occasions, chordomas can
arise in extraosseous or off-the-midline sites such as the
transverse process of a vertebra, skin, paranasal sinuses, sella
turcica, hypothalamus, or foramen magnum.® 152023
Chordomas can occur at any age but are most common
between the fourth and sixth decades of life.* "> Although
these tumors can arise in children, less than 5% of all cases
develop before 20 years of age.'""” There is a male predomi-
nance in some series, especially for tumors of the sacrum, with
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a ratio ranging from 2:1 to 3:1.%'""* In other series, especially
chordomas of the skull base, the male to female frequency
is equal.®

Pathology

Chordomas are generally slow-growing, unencapsulated
neoplasms that are locally invasive within bone and soft
tissues.® 12 A pseudocapsule may be noted around tumors
that grow into soft tissues or the dura mater. As the tumors
enlarge, they often stretch cranial nerves and displace struc-
tures such as blood vessels and the brainstem. Grossly, the
tumors are usually reddish or purple in color, with a nodular
appearance to the surface. Internally, the mass is frequently
gelatinous and soft; regions that contain cartilage or calcium
are firmer. Foci of hemorrhage may be present and can be
small or extensive. The size of the lesion can be quite variable,
with sacral tumors often becoming very large. In one series
of cranial base chordomas, average tumor volume was 58 cm.**

On microscopic examination, chordomas can be grouped
into several different histological categories, including a typi-
cal pattern, a chondroid pattern, and tumors with features of
malignant degeneration.* '2*3% The typical or classic pattern
of chordoma (65-80% of all cases) is distinguished by a lobular
arrangement, with the neoplastic cells disposed in solid sheets
or irregular intersecting cords (Fig. 54.1). The sheets and cords
of cells are set in a stroma that contains an abundant mucinous
matrix. The individual cells are large, often with vacuolated
eosinophilic cytoplasm, and contain variable amounts of
mucin. The cell type considered diagnostic for chordomas is
called physaliphorous (i.e. bubble-bearing). These cells are
distinctively large and vacuolated, with eccentric nuclei (see
Fig. 54.1). Nuclei tend to be hyperchromatic, with prominent
nucleoli, and rarely demonstrate atypia. Potentially aggressive
features such as mitoses, necrosis, hypervascularity, and
spindle cells (i.e. sarcomatous degeneration) are typically
absent or rare.***' DNA ploidy analysis of typical chordomas
demonstrates aneuploidy in 15-40% of cases.* !> There is
a trend for tumors with aneuploid DNA content to behave
more aggressively and for patients with these tumors to have
shorter survival.”® Other authors have not found a correlation
between DNA ploidy status and tumor behavior, in terms
of overall survival and tendency for local recurrence or
distant metastases.*

Many authors contend that the chondroid pattern (15-30%
of all cases) is a separate histological variant of chordoma,
although this is controversial.® > 333 The chondroid pattern
has been associated with a more favorable prognosis, as origi-
nally described by Heffelfinger and colleagues.’’ However,
other authors contend that chondroid chordomas are a sub-
group of low-grade chondrosarcoma and are not related to
chordomas.*** By definition, chondroid chordomas contain
regions of typical chordoma with physaliphorous cells,
against a background of areas characterized by cartilaginous
matrix that have stellate tumor cells occupying lacunar
spaces (resembling chondrocytes; Fig. 54.2).3'% As in typical
chordoma, anaplastic or aggressive features such as mitoses,
necrosis, hypervascularity, and spindle cells are typically

Figure 54.1 High-power view (600x) of classic or typical chordoma,
demonstrating physaliphorous (bubble-bearing) cells. Note the large size,
vacuolization, and eccentric nuclei. Several cells have hyperchromatic
nuclei and prominent nucleoli. Mitoses, spindle cells, and regions

of necrosis are absent.

Figure 54.2 Low-power view (100x) of chondroid chordoma, demonstrating
an area of classic chordoma with physaliphorous cells in the upper portion
of the field, with a chondroid region that demonstrates cartilaginous
metaplasia in the lower portions of the field. No anaplastic or malignant
features are present.

absent or rare.***'** Electron microscopic studies support the

dual nature (i.e. epithelial-mesenchymal) of these neoplasms
by identifying cells with epithelial features and other cells
consistent with chondrocytes.™

Chordomas with malignant degeneration (less than 5% of
all nonirradiated cases) typically demonstrate sarcomatous
features (i.e. spindle cells).* 37" These tumors will contain
areas of classic chordoma admixed with regions characterized
by the presence of atypical spindle cells. The spindle cell
component demonstrates high cellularity, marked nuclear
pleomorphism, and a high mitotic rate. Within the malignant
spindle cell zones, regions of cartilaginous or osseous
differentiation may be noted. In many tumors, a transitional




zone may be present between the regions of typical chordoma
and regions containing the malignant spindle cells. This
transitional zone may contain an intermediate, stellate type of
cell. DNA ploidy analysis of chordomas with sarcomatous
degeneration usually demonstrates aneuploid cell populations
with a high proliferating fraction.’”** The mean proliferating
fraction (%S +G2M) of a series of spindle cell chordomas was
34.1%.%" In comparison to the mean proliferating fraction of
a series of typical chordomas (20.2%), the growth fraction of
spindle cell chordomas was significantly larger (p <0.01).

In addition to the diagnostic information obtained from the
histological evaluation of chordomas, immunohistochemical
analysis may also be helpful in clarifying the pathological
differential diagnosis.®!!2#33:34374045 Other tumor types to be
considered are ependymoma, schwannoma, neurofibroma,
metastasis (e.g. clear cell type), chondrosarcoma, and fibrous
histiocytoma. The immunohistochemical profile of typical
chordomas illustrates the dual epithelial-mesenchymal nature
of these tumors and consists of frequent positivity to cytokera-
tin and epithelial membrane antigen (EMA) and less consistent
staining for S-100 protein and vimentin.*'>*742 Variable
staining has also been noted with ol-antichymotrypsin and
tissue polypeptide antigen.*’** Chondroid chordomas with a
small cartilaginous component may have variable staining of
S-100, with preserved positivity to cytokeratin and EMA.¥
When the cartilaginous component is more robust (20-50%),
the staining within the chondroid regions for cytokeratin
and EMA may become variable, with persistent positivity for
S-100.* Chondrosarcomas stain consistently negative for
cytokeratin and EMA since there is no epithelial component
to these tumors. Chordomas with sarcomatous degeneration
have an alteration of the immunohistochemical profile in the
malignant regions containing spindle cells.*”*4 The staining
for vimentin becomes more prominent, while staining for
cytokeratin and EMA is markedly decreased. In some tumors,
staining for S-100 may also be reduced.*

Other immunohistochemical studies of chordomas have
evaluated the expression of cell adhesion molecules (CAMs),
including E-, P-, and N-cadherin, CD44, B-catenin, intercellu-
lar CAM, neural CAM, and vascular CAM.**7 Overall,
chordomas were shown to frequently demonstrate expression
of N-CAM, VCAM-1, CD44, N-cadherin, and E-cadherin.
The expression of E-cadherin, in particular, was very prominent
and ubiquitous, and was noted in all histological variants
of chordoma.

Preliminary data from studies using cytogenetic and molec-
ular techniques are beginning to elucidate the mechanisms of
transformation of chordomas.* %’ No specific or characteristic
chromosomal abnormalities have been described thus far.
Many of the cases have shown hypodiploidy or near-diploidy,
which is in contrast to the DNA flow cytometry data. Several
tumors have shown structural anomalies of chromosomes
1 and 21, while others have alterations (usually elongation) of
the telomere.”% A loss of heterozygosity (LOH) analysis by
Riva et al. suggests that the 1p36.13 region is abnormal in up
to 85% of chordomas.”® Candidate tumor suppressor genes in
this region with a potential role in oncogenesis include CASPY,
EPH2A, and DVLI. LOH at 1p36.13 appeared to be an early
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event in the transformation process, since it was present in
tumors of all grades and locations.

Using immunohistochemical techniques, Matsuno et al.
found that p53 protein was present in chordomas that had a
high proliferative index (as determined by MIB-1 staining) and
in recurrent tumors.”® Furthermore, a significant correlation
was noted between cyclin D1 staining and MIB-1 proliferative
index or tumor recurrence. Interestingly, none of the tumors
evaluated for bcl-2 were immunopositive, suggesting that
apoptosis may not contribute to the recurrence of chordomas.

Eisenberg et al. studied seven skull base chordomas and
found that, in two very aggressive cases, there was LOH for
the Rb tumor suppressor gene on chromosome 13, suggesting
that alterations or loss of Rh may play a role in the transforma-
tion of chordomas.” A study of skull base chordomas evaluated
the expression of growth factors and structural proteins in
good prognosis versus poor prognosis patient cohorts.® The
mean expression of transforming growth factor-o and basic
fibroblast growth factor was elevated in the patients with
a poor prognosis and more rapid tumor progression. A similar,
but not as pronounced, difference was noted for fibronectin.

Several authors have attempted to correlate pathological
features of chordomas with prognosis.****** In a series of
48 mixed chordomas, Rich ef al. were unable to detect a
correlation between cellular pleomorphism, mitotic figures,
or hyperchromatic nuclei with survival.** The only histological
variable to correlate with survival was the presence of
chondroid elements. Chondroid chordomas had a more
indolent course, longer duration of symptoms, and increased
survival. Forsyth et al. evaluated 51 intracranial chordomas
and were unable to detect a correlation between mitosis, chon-
droid elements, and survival.”® In a series of 62 skull base
chordomas, O’Connell ef al. found that tumors with greater
than 10% necrosis were associated with shorter patient
survival.?* The presence of chondroid elements, mitoses,
pleomorphism, nucleolar prominence, and vascular invasion
was not correlated with overall survival.

A molecular evaluation of a similar series of skull base
tumors revealed that the expression of human telomerase
reverse transcriptase (h7ERT) messenger RNA was frequently
associated with faster rates of tumor growth and an increased
risk of recurrence.” The expression of ATERT was also associ-
ated with the presence of mutated p53 protein and an increased
doubling time for residual tumor following surgical resection.
Naka et al. performed a clinicopathological comparison of
skull base and nonskull base chordomas in a series of 122
patients.®® Skull base tumors were noted to have a higher
MIB-1 labeling index than nonskull base tumors. The higher
MIB-1 labeling index was often associated with older age,
greater risk of recurrence, and nuclear pleomorphism. In
contrast, for patients with nonskull base chordomas, only
nuclear pleomorphism was noted to be a significant negative
prognostic factor. A similar study by Horbinski ef al. evaluated
the prognostic value of Ki-67, p53, epidermal growth factor
receptor (EGFR), and various chromosomal deletions in a
series of 28 patients with skull base chordomas.®' Tumors with
a Ki-67 labeling index of 5% or higher (69.2 months versus
159.3 months; p=0.005) and deletion at 9p21 (71.7 months
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versus 146.2months; p=0.03) were noted to have a more
aggressive course and shorter overall survival. Expression of
EGFR, accumulation of p53, and loss of chromosomes 1p36,
10923, and 17p13 did not correlate with survival.

Another molecular target under consideration is c-Met, a
receptor tyrosine kinase that binds hepatocyte growth factor/
scatter factor (HGF), is localized to chromosome 7, and is
known to function as an oncogene in other solid tumors.*>
In a series of 22 chordoma samples, Walter and colleagues
evaluated for changes in copy number of chromosome 7 and
correlated it with EGFR and C-Met protein expression.*
Aneusomy of chromosome 7 was noted in 73% of all samples,
including 100% of the recurrent tumors. In addition, there was
a significant correlation between chromosome 7 aneusomy and
C-Met expression (p=0.001). In a human sacral chordoma cell
line, it has also been shown that C-Met and HGF are often
coexpressed in the same cells, and that aberrations of chromo-
some 7 may be involved in altered tyrosine kinase signaling.®
Using micro-RNA (miRNA) microarray techniques, Duan
et al. evaluated the miRNA expression profiles of a series of
chordoma cell lines and tissue samples.® They noted that the
expression of miRNA-1 and miRNA-206 was markedly
reduced in chordoma cell lines and samples. When miRNA-1
was transfected back into chordoma cell lines, the expression
of C-Met was downregulated. These results suggest that the
reduced level of miRNA-1 in chordoma tissue may be related
to the frequent finding of overexpression of C-Met, and could
be a contributing factor to the transformation process in
these tumors.

Clinical features and presentation

Approximately 50% of chordomas arise in the sacrum, 35-40%
within the skull base and clivus, and 10-15% throughout the
vertebral column.® 1517 In general, chordomas are relatively
slow growing and often have a prolonged duration of symp-
toms before diagnosis. The specific symptoms and neurologi-
cal findings noted at presentation will vary according to the
location of the tumor. Although these tumors are often benign
histologically, systemic metastases have been noted in 10-40%
of cases.® "% The most frequent sites for metastases are the
lungs, regional lymph nodes, liver, bone, and skin.

Chordomas of the sacrum

Chordomas represent the most common primary neoplasm
of the sacrum.'*!"*77° They often reach substantial size prior to
diagnosis because of the ample room for tumor growth before
critical structures are disturbed. The median age of patients
in the majority of series is approximately 60 years; males are
affected more often than females. The most common symptom
(60-70% of patients) consists of persistent low back pain,
which is slowly progressive and is often present for
12—-18 months before diagnosis (Table 54.1).'%!770 Patients
occasionally complain of more specific locations of the
pain, such as the coccygeal, buttock, or anal regions. The pain
may have a radicular component to it, with radiation down
one of the legs. This presentation often leads to the erroneous

Table 54.1 Symptoms and signs in patients with chordoma of the sacral
region.

Symptoms and signs Percentage of patients

General low back pain 60-70
Rectal dysfunction 40-45
Constipation 30-35
Sciatica 25-30
Coccygeal pain 20
Sacral pain 15
Urinary incontinence 10-15
Buttock pain 5-7
Anal pain 5-7
Perianal numbness 5
Impotence 5
Fecal incontinence 5

Data compiled from Sundaresan,'* Healey and Lane," Bethke e al..®
Lybeert and Meerwaldt,”® Schoenthaler ef al.%

diagnosis of nonspecific “sciatica,” delaying discovery of the
tumor by many months. Rectal dysfunction consisting of alter-
ation of bowel habits (i.e. constipation), tenesmus, or bleeding
is common (approximately 40% of patients).

As the tumor continues to enlarge, it usually grows ventrally
and may encroach on the sacral foramina and nerve roots, caus-
ing neurological dysfunction. Symptoms from sacral nerve root
compression are variable and include perianal numbness,
urinary hesitancy or retention, urinary incontinence, impotence,
and rectal incontinence. The general physical examination is
typically benign, except for the rectal examination, which often
demonstrates a presacral mass.'*”” The neurological examina-
tion may be normal or show evidence of sacral root dysfunction
(e.g. perianal numbness, loss of anal sphincter tone).

Chordomas of the skull base, clivus,
and intracranial cavity

Chordomas comprise 6.15% of all skull base tumors and
0.1-0.2% of all intracranial tumors.*''> They occur most
often in the clivus but can arise in other areas such as the
sphenoid sinus, cavernous sinus, occipital condyle, and
sella ®1118222829.7174 Depending on the primary site of tumor
involvement and direction of growth (e.g. anterior, lateral,
posterior), symptoms and signs may vary considerably. The
mean age of patients with skull base chordomas is in the range
of 3845 years.®***’" In the majority of series, the most common
symptoms are either diplopia or headache (Table 54.2).892428.71-74
Diplopia is the initial symptom in 50-90% of patients. The
diplopia is usually horizontal and exacerbated by attempts at
lateral gaze. Headache is noted at presentation in 25-60% of
patients. In many patients, headache and diplopia develop
simultaneously. Symptoms such as facial pain, vertigo,
tinnitus, dysphagia, hoarseness, alterations of vision, and gait
disturbance are present in 12—15% of patients.”" 7 Infrequent
complaints include hearing loss, dizziness, unilateral weakness,
facial dysesthesias, and neck pain.

On neurological examination, the most common findings
are cranial nerve palsies (see Table 54.2).89242871°7 The VIth



Table 54.2 Symptoms and signs in patients with chordoma of the skull base,
clivus, and intracranial cavity.

Symptoms and signs Percentage of patients

Diplopia 50-90
Cranial nerve VI palsy 45-75
Headache 25-60
Cranial nerve IX, X, XI, XII palsy 25-40
Cranial nerve I1, I1I, IV, Vl, VII palsy 15-25
Diplopia and headache 15-20
Pyramidal tract dysfunction 15-20
Facial pain 12-15
Vertigo/tinnitus 12-15
Dysphagia/hoarseness 12-15
Alterations of vision 12-15
Gait disturbance 12-15

Data compiled from Gay et al.,* Miller,’ Rich et al..** Forsyth et al..”®
Yoneoka ez al.,”* Al-Mefty and Borba,” Volpe et al.”

cranial nerve is involved most frequently, with abnormal
function noted in 45-75% of patients. The deficit is usually
unilateral but can be bilateral in some cases. Abducens palsy
can be associated with dysfunction of cranial nerves II, III, IV,
V', and VII in 15-25% of patients.”®”*7* Although uncommon,
isolated palsy of cranial nerves II, III, or IV is seen in some
patients. Abnormalities of the lower cranial nerves (i.e. IX, X,
X1, XII) are noted in 25-40% of patients.”’"™ Similar to
abducens palsy, the deficits are usually unilateral but can be
bilateral in some cases. Cranial nerves of the cerebellopontine
angle (i.e. VII, VIII) are rarely affected on examination at
presentation, but can develop in patients with large tumors.
Pyramidal tract dysfunction is present in 15-20% of patients
and develops from tumors that compress the ventral surface of
the brainstem.**?® The findings may be unilateral or bilateral
and in some cases are associated with ataxia. Furthermore,
patients with brainstem compression by tumor may manifest
inappropriate laughing or crying. The emotional lability is
thought to occur from disturbance of ventral pontine tegmental
pathways.’

Chordomas of the true vertebrae

Chordomas are uncommon tumors of the vertebral column
(usually the vertebral body), representing less than 5% of all
tumors in this region.'®'” Approximately 60% of vertebral
chordomas arise in the lumbar region, 10-15% develop in the
thoracic area, and 25-30% in the cervical spine. Ventral tumor
growth will cause bone destruction and infiltration into
paraspinal soft tissues, while dorsal expansion may cause
nerve root displacement or spinal cord compression. The
mean age of patients with spinal chordomas ranges from 45
to 50 years. Patients with these tumors often have a shorter
duration of symptoms before diagnosis than patients with
tumors of the sacrum, due to the smaller volume of bone in
proximity to sensitive neural structures.”’ In one series, the
mean duration of symptoms prior to diagnosis was 7 months."
In the majority of cases (>90%), the initial symptom is local-
ized pain in and around the involved vertebral body. There
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may be a radicular component to the pain from displacement
or compression of nerve roots, with lancinating pain in a limb
or anteriorly around the thorax. Other alterations of sensation,
such as dysesthesias or sensory deficits, may occur. Cervical
chordomas that grow ventrally and compress the esophagus
may cause dysphagia.'”” Occasionally, tumors can cause
myelopathic weakness, gait ataxia, or sphincter dysfunction.

Several authors have attempted to correlate various clinical
parameters with overall survival and prognosis.”®*’ Patients
less than 40 years appear to have improved survival and a
better prognosis. Forsyth e al. noted a significant difference
in survival (5-year survival of 75% versus 30%) for patients
less than 40 years (p <0.0001).* The presence of diplopia was
also suggestive of a better prognosis and improved survival,
especially when correlated with patient age.”® Female sex was
associated with improved survival (median 158 months versus
86 months; p <0.004) and a better prognosis in both univariate
and multivariate analyses by O’Connell et al.* For patients
with sacral and spinal chordomas, negative prognostic factors
included larger tumor size, inadequate surgical margins, the
presence of necrosis, a labeling index of greater than 5%, and
local recurrence.”

Radiological diagnosis

Patients with a history and neurological examination suspi-
cious for a chordoma of the skull base, vertebral column, or
sacrum require a radiological evaluation with either computed
tomography (CT) or magnetic resonance imaging (MRI).*7> %
CT and MRI are equivalent in their ability to delineate the
presence of a tumor. Both modalities clearly demonstrate the
mass within bone, bone erosion or destruction, and extension
into soft tissues.”> 7#52% Rarely, MRI may have trouble detect-
ing small tumors confined within the margins of the clivus.”
On noncontrast CT, the tumor usually appears as a soft tissue
mass, isodense or hyperdense with neural tissues, causing
destruction of the adjacent bone (Fig. 54.3). Bone-windowed
CT scans demonstrate the precise amount of bone destruction
caused by the tumor, with sharp margins (see Fig. 54.3).
Calcification is noted in 40-70% of chordomas (especially
clival) with CT imaging. Small regions of sequestered bone
can also be noted in approximately 15-20% of cases. MRI is
inferior to CT in its ability to delineate the exact margins of
bone destruction or the presence of calcification.”>® With the
administration of contrast, chordomas always demonstrate
contrast enhancement. The amount of enhancement may vary
but is often quite dense and homogeneous. Sagittal and coronal
reconstruction of CT images is sometimes helpful to better
delineate the extent of skull base and sacral tumors. However,
the ability of CT to evaluate tumors in the sagittal and coronal
planes is inferior to MRI.

In general, MRI with sagittal, coronal, and axial sections
clearly defines the margins of chordomas of the skull base, ver-
tebral column, and sacrum.®” * On T1-weighted images, 75%
of tumors appear isointense, while 25% appear hypointense,
compared to surrounding neural tissues (Fig. 54.4).%7°% With
administration of gadolinium, chordomas usually enhance.
As with CT, the degree of enhancement is variable; in most
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Figure 54.3 (a) Bone-windowed CT of the skull base demonstrating a large, eccentric chordoma of the clivus on the left side, which is causing severe erosion
and destruction of surrounding bone. (b) Noncontrast CT of the skull base at the same level as Fig. 54.3(a), demonstrating the clival chordoma as a mass with

soft tissue density within the region of eroded bone.

() (b)

Figure 54.4 (a) Noncontrast MRI (TR 7500, TE 102) of the brain, at the level
of the upper clivus and orbits, demonstrating an isointense chordoma within
the clivus that extends into the sphenoid sinus region and tracks along both
optic nerves. (b) Gadolinium-enhanced MRI (TR 600, TE 23) of the brain, at
the same level as Fig. 54.4(a), demonstrating heterogeneous enhancement of

tumors, the pattern is heterogeneous. On T2-weighted images,
chordomas are always hyperintense to all surrounding
structures. The pattern of hyperintensity is homogeneous in
20% of cases and heterogeneous in the remaining 80% (mild in
30%, marked in 50%).7*7* Tumor calcification, exact margins
of eroded bone, and the presence of sequestered bone are noted
in some tumors, but these are not demonstrated as well as
with CT. However, the multiplanar capability of MRI allows
for better visualization of the extent of tumor margins and
infiltration into soft tissues than is possible on CT.

(0)

the chordoma within the clivus and sphenoid sinus. (¢) Midsagittal,
noncontrast MRI (TR 500, TE 16) of the brain, demonstrating the chordoma
anterior to the brainstem within the clivus and extending into the sphenoid
sinus region. The signal intensity of the mass is heterogeneous: hyperintense
within the bone of the clivus and more isointense in the sinus.

Sagittal MRI clearly shows the anterior—posterior margins
of tumor involvement. For chordomas of the skull base, MRI is
helpful for determining the anterior extension of tumor into
the sinuses or nasopharynx and posterior extension toward the
brainstem.””” The posterior fossa is affected by tumor (e.g.
brainstem compression, cranial nerve displacement) in approx-
imately 80% of skull base tumors.” Sagittal MRI is essential
for tumors of the sacrum to determine the extent of the lesion
anteriorly into the rectum and other soft tissues.® Coronal MRI
images are useful for assessing lateral extension of skull base




tumors toward the cavernous sinuses. The cavernous sinuses
are infiltrated by tumor in approximately 65% of skull base
chordomas.” Furthermore, with sacral chordomas, coronal
MRI can determine involvement of sacral nerve roots within
the neural foramina.

Magnetic resonance imaging is far superior to CT in
demonstrating the relationship of tumor to cranial nerves and
vascular structures.”> 7% The carotid and basilar arteries are
delineated clearly on T2-weighted images because of the
contrast between the flow void inside the vessels and surround-
ing high signal tumor. Meyer et al. noted displacement of the
carotid or basilar arteries in 57% of skull base chordomas.”™
Furthermore, in 36% of their cohort, vascular encasement was
present. Encasement of vessels by chordomas has also been
reported by other authors.”” 7% Universally, the lumen of
encased vessels is not compromised by tumor and they
continue to have normal blood flow.

Most authors do not report any MRI signal characteristics
that can be used to differentiate between typical chordomas
and those with chondroid regions.” However, Sze ef al. noted
that chondroid chordomas were less intense on T2-weighted
images than were conventional chordomas.” Assessment of
mean quantitative T1 and T2 relaxation values (msec) has
shown that chondroid tumors often have shorter times than
conventional chordomas. The use of MR angiography can
further delineate the presence of arterial vascular encasement
and luminal narrowing.* In addition, MR venography can also
clearly demonstrate any venous involvement by tumor (e.g.
narrowing, occlusion).

Treatment

The treatment of many chordomas is limited by the invasive
and infiltrative nature of these tumors. The tumor is often too
extensive at diagnosis for a complete, curative resection.®%7
Even when the lesion is small and radical surgery is attempted,
local recurrence rates remain high (i.e. 50-100%). Therefore,
the therapeutic approach for chordomas is primarily to main-
tain local control and minimize regional damage to neural
structures.****> Despite the emphasis on local disease, systemic
metastases can occur and are noted in 10-30% of patients.***7
The most common sites for metastases are the lungs, regional
lymph nodes, liver, bone, and skin. Infrequent sites include
cardiac muscle, brain, adrenal glands, pancreas, pituitary
gland, and eyelid.®**" In the majority of patients, recurrence at
the local site is most likely to affect morbidity and survival.

Surgical resection

Most authors agree that surgical resection is an important
aspect of the initial treatment of patients with chor-
doma,HI10-11286772748488 The most aggressive resection possible
should be attempted after initial diagnosis, depending on the
location (e.g. clivus, vertebral body, sacrum) and the extent of
the tumor. It appears that the aggressiveness of resection has a
critical impact on local control rates and may correlate with
overall survival.***727 In a review of 51 patients with intracra-
nial chordomas, Forsyth et al. found that the extent of resection
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affected survival.®® In a univariate analysis, the extent of
resection was significantly (p=0.02) associated with survival.
For patients receiving only biopsy, the 5- and 10-year survival
rates were 36% and 0%, respectively. In the cohort of patients
undergoing subtotal resections, the 5- and 10-year survival
rates were 55% and 45%, respectively. This effect of resection
on survival was most apparent in younger patients.

Chordomas of the skull base and clivus can be grouped
according to their size and extension into contiguous areas.”
Type I tumors are small and restricted to one compartment of
the skull base (e.g. clivus or sphenoid sinus). Type II tumors
are larger and extend to two or more contiguous areas of the
skull base. Type III lesions are very extensive and involve
several contiguous compartments of the skull base (e.g. cli-
vus, sphenoid sinus, and middle fossa). In most series type |
chordomas are rare and usually amenable to radical resection
using a single skull base approach.®” Type II tumors are most
common (50-65%) and in many cases can also be radically
resected using a single skull base procedure.”” The type III
chordomas develop in 10-20% of patients and require two or
more surgical procedures to attempt radical removal.

There are numerous surgical approaches and techniques
available for resection of skull base and clivus chordo-
mas. 5727483868998 The approach will depend on the location of
the tumor and the degree of extension from the primary site.
Most often, tumors are centered within the lower, middle, or
upper clivus and extend into the cavernous sinus or petrous
apex.”>*% The four most common approaches allow for an
extensive resection of tumor either extradurally or intradurally.
The subtemporal, transcavernous, transpetrous apex approach
is used most often (30-35%) and provides access to the clivus,
cavernous sinus, sella turcica, and petrous apex.®’>** The
extended frontal approach is used in 25-30% of patients and is
advantageous for tumors with extension into the orbits,
ethmoid sinus, and anterior skull base.*® The subtemporal—
infratemporal approach is utilized in approximately 20% of
patients and offers excellent exposure of the middle fossa,
clivus, and lateral skull base.** For chordomas of the lower
clivus, temporal bone, and occiput, the extreme lateral
transcondyle and transjugular approach is used (approximately
15% of patients).®*

Uncommon surgical approaches include the transoral,
transmaxillary, transcervical—transclival, anterior cervical, and
transsphenoidal procedures.®’*#9597 Recent reports suggest
that the transsphenoidal approach can even be used in
combination with endoscopy for removal of clival chordomas
in selected cases.” In general, most authors would agree that
the choice of surgical approach is less important than the
expertise of the surgical team and its ability to perform an
extensive resection of the tumor.”

Studies using the most advanced skull base approaches for
removal of chordomas report various results. Radical or total
resection of tumor is achieved in 43.5-55% of patients, near-
total or subtotal resection is noted in 40—47%, and partial
resection is attained in 8—10%.%7>74%5%¢ n a series of patients
with chordomas and chondrosarcomas involving the skull base
and cavernous sinus, after a median follow-up of 24 months,
Lanzino et al. noted three recurrences in 14 patients with
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subtotal or partial removal of tumor.*® No recurrences were
observed in the group of patients that had undergone radical
resections. In a study of skull base chordomas by Gay et al.,
there was a statistically significant difference (p<0.05)
between the risk of recurrence in patients with radical or near-
total resections and patients with subtotal or partial resec-
tions.* The overall recurrence-free survival estimates were
80% at 3 years and 76% at 5 years. In contrast, the survival
estimates for patients who had recurrence of disease were 52%
at 2 years and 26% at 3 years. Previous surgery or radiation
therapy was associated with an increased risk of recurrence
and surgical complications. Similar survival rates are described
by Crockard et al. in a series of 42 patients with skull base
chordomas, with 5- and 10-year rates of 77% and 69%, respec-
tively.” Overall, an aggressive surgical resection at the time of
tumor diagnosis, regardless of the approach and technique
used, has the most impact on subsequent local tumor control
and survival.

Sacral chordomas are often very large at diagnosis but most
authors advise radical resection whenever possible. 1678899
Similar to the experience with skull base tumors, recurrence-
free survival is improved after radical or near-total resection.
For tumors of the lower sacrum and coccygeal region, many
authors recommend a posterior approach.'® Other investi-
gators argue that a combined anterior—posterior approach is
preferable.”” Tumors of the upper sacrum are resected
most efficiently with a staged, combined anterior—posterior
approach.'*'"7%9 Regardless of the approach used to resect
the tumor, it is important to attempt preservation of the upper
sacral nerve roots and the pudendal nerve. If the bilateral S2
nerve roots are sectioned during surgery, urogenital and rectal
function will be lost or impaired. If both S2 nerve roots are
preserved, 50% of patients will retain at least partial bladder
and bowel control.*”* To maintain normal bowel continence,
preservation of at least one set of ipsilateral S1, S2, and S3
nerve roots is recommended. The local recurrence rates are
approximately 25-30% for tumors removed en bloc by radical
resection.!™" 7 [f the tumor is removed by subtotal or partial
resection, local recurrence rates increase to approximately
60-65%.

It is also recommended that chordomas of the true vertebrae
be radically resected whenever feasible."-'”*” For tumors of
the cervical vertebrae, most authors recommend an anterior
approach to perform a corporectomy, followed by bone
grafting, if necessary.'® Thoracic tumors are best approached
by thoracotomy or a staged procedure that combines a lami-
nectomy and thoracotomy." Lumbar chordomas will usually
require an anterior approach; on occasion, a posterolateral
approach may be necessary. "

Radiation therapy

Although radical resection is considered in each patient with
a chordoma of the skull base, vertebrae, or sacrum, it is often
impossible due to the invasive nature of these tumors.
Therefore, radiation therapy to eradicate residual or recurrent
disease is an important therapeutic consideration in many
patients.*'*!'2% Unfortunately, chordomas have proved to be

relatively radioresistant tumors. The clinical results in most
radiation therapy trials of chordomas have demonstrated
only modest improvements in local control, recurrence-free
survival, and overall survival.®!1%!286%100-106 Early reports in
the radiation oncology literature using photon-based mega-
voltage therapy suggested a dose-response relationship for
chordoma.'*!% It was recommended that patients received at
least 6000-7000cGy to the tumor bed for optimal response.
However, more recent studies have been unable to document
a consistent dose-response relationship for chordoma using
conventional photon techniques.®'*'% In the reports by
Cummings et al. and Saxton, doses of 2500-7000cGy were
used for patients with chordomas of various sites after surgi-
cal resection.'””!% Palliation of symptoms and improvement of
relapse-free survival were as likely to occur with doses of
4000-5500cGy as with higher doses.

In an extensive review of reported dose—response data for
photon techniques in treatment of cranial chordoma, Tai ef al.
concluded that no dose-response relationship was evident.'®
Administration of doses in the range of 4500-5500cGy were
as effective as higher doses. In addition, the authors state that
surgical resection in combination with irradiation significantly
prolongs survival when compared to either modality used
alone. In a study of 21 patients with chordomas of various
sites, Keisch et al. concluded that irradiation prolonged the
time to first relapse for tumors of the lower spine and sacrum,
but not for tumors of the skull base.'”® The overall 5- and
10-year actuarial survival rates were 74% and 46%, respec-
tively. Forsyth et al. evaluated the results of 51 patients with
intracranial chordomas and determined that conventional
irradiation did not affect the overall survival of the cohort, but
did prolong disease-free survival, especially in younger
patients.”® The 5- and 10-year disease-free survival rates in
irradiated patients were 39% and 31%, respectively. A similar
improvement of progression-free survival, without a change
in overall survival, has been reported by Thieblemont ef al. in
26 patients with chordomas of various sites.'”

Newer radiation therapy techniques currently being applied
to patients with chordomas include intensity-modulated
radiation therapy (IMRT) and conformal techniques. Several
case studies have reported using IMRT for chordomas of the
sacrum and spine.'”""" IMRT was well tolerated and appeared
to offer a more homogeneous radiation distribution pattern
within the planning target volume. Conformal radiotherapy
approaches have also been reported and have similar radiation
distribution patterns to IMRT.""

Irradiation of chordomas with charged particles (i.e. protons,
carbon, helium, neon) has shown promise as a more effica-
cious therapeutic option,®6%100-102106.112-116 There are several
radiobiological advantages of charged particles over photons.
The high linear energy transfer (LET) of charged particles
allows for a more defined and superior dose distribution (i.e.
steeper fall-off in dose). Higher doses can be prescribed to the
tumor volume with minimal risk of augmented toxicity to
surrounding normal structures. Austin-Seymour et al. have
used fractionated proton irradiation for skull base chordomas
and chondrosarcomas, administering a mean total dose of
69 GyE (gray equivalent).'”"'>1% The 5- and 10-year local




control rates were 82% and 58% respectively, while the 5- and
10-year disease-free survival rates were 76% and 53%, respec-
tively. The median time to local failure was 53 months. In their
opinion, these results represent a significant improvement over
the results of conventional radiation techniques. A similar
study in a series of 34 patients with skull base chordomas used
a combination of high-energy photons and protons, in a
two-thirds to one-third ratio of the total dose, respectively.'”
The 3-year local control rate was 83.1%, with a 3-year overall
survival rate of 91%.

The superiority of proton therapy in comparison to photon
irradiation techniques has been corroborated by a recent
metaanalysis of more than 200 studies and a total of 416
patients with skull base chordoma.'” In a study using helium
and neon particles, Berson et al. treated 25 patients with
chordomas of the skull base and cervical spine and reported a
5-year local control rate of 55%.'°%! Recent experience with
carbon ion radiotherapy after surgical resection from Takahashi
et al. suggests improved efficacy over photon irradiation or
untreated follow-up, with a 3-year recurrence-free survival
rate of 70% versus 57.1% and 7.1% (p=0.001), respectively.'*
In a review of 14 patients with sacral chordomas treated
with charged helium and neon particles, Schoenthaler et al.
reported a S5-year local control rate of 55%.% The 5- and
10-year survival rates were 85% and 22%, respectively, with
an overall median survival of 77 months.

Several authors have reported their experience with carbon
ion radiotherapy in chordomas."®"*!" Schulz-Ertner et al.
evaluated a series of 24 patients with skull base chordoma,
using a median tumor dose of 60 GyE.""® With a mean follow-
up of 13 months, the 2-year local control and progression-free
survival rates were 83% and 83%, respectively. A similar study
in 30 patients with unresectable sacral chordomas used carbon
ion radiotherapy at a median dose of 70.4 GyE."? At a median
follow-up of 30 months, the 5-year local control and overall
survival rates were 96% and 52%, respectively. A recent sum-
mary of phase 1/2 and phase 2 trials of carbon ion radiotherapy
in 38 patients with inoperable sacral chordoma demonstrated a
S-year overall survival rate of 86% and a 5-year local control
rate of 89%.''

Other methods of irradiation of chordoma include
brachytherapy with radioactive seeds (e.g. iodine-125) and
radiosurgery.®'01120-124 Tt ig difficult to evaluate the efficacy of
these modalities because of the small number of patients
that have been treated and the limited follow-up intervals
reported.®!?120-12¢ There may be a role for brachytherapy and
radiosurgery in the palliation of residual and recurrent disease
in carefully selected patients. One recent approach that has
been applied to a small group of patients with skull base chor-
domas involves the combination of maximal tumor resection
and gamma-knife radiosurgery, with a mean treatment dose
of 17Gy."”? Although follow-up was limited, the local tumor
control rate of 93.3% and mean tumor-free survival of
17months were encouraging. In a similar and more recent
study of 19 patients with clival chordomas, Ito and co-workers
noted 2- and S-year progression-free survival rates of 77.9%
and 47.9%, respectively.'” Another group has reported the use
of the CyberKnife for adjuvant therapy in a series of 18 patients
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with chordomas of the cranium, mobile spine, and sacrum.'*
Treatment was administered over five sessions, with a median
dose of 35 Gy (range 24.0-40.0 Gy). The overall survival rate
at 65 months was 74.3%, with a local control rate of 88.9%.

Chemotherapy

The role of chemotherapy in the treatment of chordomas
remains limited.®'"$7:103125.126 The main indication for chemo-
therapy has been in patients with recurrent or widespread
disease not amenable to further surgery or radiation therapy.
In most cases, the regimens have been designed to resemble
protocols used for soft tissue sarcomas. Unfortunately, very
few patients have responded to this approach. Chemother-
apeutic agents that have been used (as single agents or in
combination) without success include methotrexate, vincris-
tine, cisplatin, doxorubicin, etoposide, actinomycin-D, and
cyclophosphamide.'#7:105:123

Fleming et al. report two patients with malignant sacral
chordomas and lung metastases in whom chemotherapy
produced objective responses.'” One patient responded to
a multiagent regimen consisting of etoposide, cisplatin, vin-
cristine, dacarbazine, cyclophosphamide, and doxorubicin
administered intravenously over 3 days every 4—5 weeks. The
second patient responded to this multiagent regimen for five
cycles and then progressed. A second regimen of single-agent
continuous infusion ifosfamide was initiated, which produced
dramatic shrinkage of the lung lesion.

In recent years, many investigators have been attempting to
treat chordomas with molecular treatment approaches, as the
molecular biology of these tumors has been elucidated.'**!?’
One report evaluated the efficacy of imatinib mesylate, a
tyrosine kinase inhibitor with activity against ¢-KIT, BCR-
ABL, and platelet-derived growth factor receptors (PDGFR)
that has been previously utilized for gastrointestinal stromal
tumors (GIST) and high-grade gliomas.'?® Six patients with
advanced chordoma (five sacral, one skull base) were treated
with imatinib mesylate (800 mg/day). Pathologically, all the
tumors were noted to be positive for expression of PDGFR.
Several of the patients had evidence of liquefaction on CT and
MRI scans, as well as reduced glucose uptake on positron
emission tomography scans. Four of five symptomatic patients
also reported subjective improvement, usually early in the
course of treatment. A phase 2 trial with a larger cohort of
patients has been initiated and remains open to further accrual.

A case report by Singhal et al. demonstrated tumor shrink-
age in a patient with a progressive sacral chordoma after
treatment with erlotinib, a tyrosine kinase inhibitor with
specificity for EGFR.'” The tumor was positive for EGFR and
responded to erlotinib (150 mg/day) after 3 months of treat-
ment, with a partial reponse and improvement of symptoms.
Stacchiotti ef al. treated a series of 10 patients with advanced
and progressive chordoma using a combination molecular
therapeutic approach of imatinib and sirolimus."*® Sirolimus
(rapamycin) is an inhibitor of the mammalian target of rapam-
ycin (mTOR), which is often upregulated in solid tumors.""
Treatment consisted of imatinib (400 mg/day) and sirolimus
(2mg/day), with a mean treatment duration of 9months.
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On follow-up imaging, there was one partial response and
seven tumors with stable disease. Molecular therapy directed
at inhibiting the PI3Kinase/mTOR signaling pathway has also
been supported by in vitro studies from Schwab et al.'*
Activation of the PI3K/mTOR pathway was first verified in 13
chordoma tumor resection specimens. Then they used a dual
kinase inhibitor, PI-103, to treat a chordoma cell line (UCH-1),
and noted reduced activation of the Akt and mTOR pathways.
In addition, cell proliferation of the cultures was inhibited and
apoptosis was induced in over 50% of cells.

Conclusion

Chordomas are rare, locally invasive tumors that arise from
embryonic rests of the primitive notochord, with the potential
to develop anywhere along the midline of the axial skeleton.
Patients with chordomas of the skull base, true vertebrae, or
sacrum in whom a gross total resection has been performed
can be followed closely with serial contrast-enhanced MR
imaging, without further treatment. For the more typical
patient, with significant residual disease after surgery, some
form of irradiation should be considered. The most effective
radiotherapy techniques use charged particles (e.g. protons,
carbon), which allow for higher doses to the tumor bed in
a more well-defined dose distribution. However, access to
facilities which can offer charged particle radiotherapy
remains somewhat limited. If charged particle radiation ther-
apy is not available, aggressive photon-based irradiation is still
strongly recommended. Chemotherapy has a limited role in the
treatment of chordoma, but should be considered for patients
with recurrent or progressive disease that is refractory to
further surgical intervention or irradiation.
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