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Abstract
	 Clival chordoma is a rare primary bone tumour that arises from the remnant of the notochord 
and typically occurs in older adults. Upon imaging, the tumour can be seen arising from the clivus 
and causes clival destruction. This usually provides insight for a diagnosis. Here we present a case 
of a non-enhancing, pre-pontine mass that was hypointense on T1W and hyperintense on T2W in 
an adolescent. No clival bone erosion was observed. Based on the age group, imaging findings, and 
lack of clival erosion, a provisional diagnosis of epidermoid cyst was made and the tumour was 
resected. This patient was eventually diagnosed with a clival chordoma based on histopathological 
examination.
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Introduction

	 Chordomas are rare primary bone tumours 
that arise from embryonic remnants of the 
notochord and typically occur in the clivus 
(spheno-occipital) region or the sacrum. 
Chordomas are locally aggressive with a high 
risk of local recurrence (1,2). The mean age at 
diagnosis is 58.5 years (3), with cases rarely 
reported in children and adolescents (4). Imaging 
by computed tomography (CT) or magnetic 
resonance imaging (MRI) can identify clival 
chordoma based on its midline location and 
destruction of the clivus (5). This case report 
describes our diagnosis of clival chordoma in an 
adolescent with no clival destruction seen on MRI 
or CT.

Case report

	 A previously healthy 15-year-old girl was 
referred to our neurosurgical center with a seven-
month history of a headache that had worsened 
in the previous week and was accompanied by 

intermittent nausea. She also felt weakness on 
the left side of her face and complained of double 
vision for the previous five days.
	 Examination showed left lower motor neuron 
facial nerve palsy with partial ptosis of the left 
eyelid. The rest of the cranial nerves were intact 
as well as the musculoskeletal systems bilaterally. 
Eye examination showed bilateral papilloedema, 
and left eye keratitis secondary to facial nerve 
palsy was detected. Her blood pressure was low 
at 103/76 mmHg and pulse rate was high at 106 
beats/min. Biochemical analysis showed normal 
levels of prolactin, growth hormone (GH), thyroid 
stimulating hormone (TSH), follicle-stimulating 
hormone (FSH), luteinising hormone (LH), and 
early morning cortisol.
	 A contrast-enhanced computed tomography 
(CT) of the patient’s brain performed by the 
referring doctor demonstrated a well-defined, 
non-enhancing hypodense mass at the prepontine 
region. The mass compressed the pons and 
fourth ventricle, resulting in acute obstructive 
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hydrocephalus with cerebrospinal fluid seepage 
(Figure 1).
	 An MRI performed at our center showed 
a well-defined, lobulated prepontine mass that 
was predominantly hypointense on T1W and 
Fluid attenuation inversion recovery (FLAIR) 
sequences and hyperintense on T2W, suggesting a 
lesion with fluid content. Small scattered areas of 
hyperintensity were evident on T1W and FLAIR, 
possibly representing foci of haemorrhage. No 
enhancement was seen post-contrast. In addition, 
no tumour calcification was observed on CT or 
MRI. The mass extended from the sellar region 
superiorly and inferiorly towards the cranio-
cervical junction. No suprasellar extension was 
seen. The pituitary was intact. The clivus was also 
intact with no destruction or expansion seen. The 
clival marrow demonstrated normal mixed signal 
intensity on T1 pre-contrast sequence, which 
corresponded to mixed red and yellow marrow 
expected in this age group. There was also mild 
enhancement of the clivus post-contrast, which 
was normal (6,7). The basilar artery was patent and 
displaced posteromedially. The effect of the mass 
on the brainstem and fourth ventricle resulting 
in acute hydrocephalus was in agreement with 
that observed on the previous CT scan (Figure 2). 
Although we noted atypical findings, a differential 
diagnosis of epidermoid cyst was made.
	 A craniotomy was performed and excision 
of the tumour was conducted using a subfrontal 
approach. The surgery was limited by space, 
making it difficult to properly evaluate the clivus. 
The tumour was retroclival in location and 
occupied the entire pre-pontine, pre-medullary, 
and crural cistern. It extended from the foramen 
magnum up to the level of the upper pons. The 
tumour was greyish in colour, and soft and semi-
solid in texture. The cranial nerves were stretched 
and encased by the tumour. The surgical team 
removed as much of the tumour as possible.
	 Histopathological examination (HPE) 
showed that the entire specimen consisted of 
tumour with no accompanying normal tissue. The 
tumour was homogenous with large vacuolated 
cells and some myxoid background (Figure 3). 
Vacuolated cells, also known as physaliferous 
cells, characterise a chordoma. There are an 
admixture of macrophages, lymphocytes, plasma 
cells, and eosinophils within the interlobules 
septae. Varying amounts of myxoid matrix were 
also present in the background (Figure 4). Thick 
fibrous tissue was not observed, suggesting the 
absence of a dural component. In addition, no 
loose fibroconnective tissue was observed that 
would suggest periosteum. The tumour cells 

Figure 1: Post-contrast computed tomography 
(CT) brain shows a well-defined, non-
enhancing hypodense mass (*) at 
the prepontine region compressing 
the pons and fourth ventricle (black 
arrow), resulting in obstructive 
hydrocephalus evidenced by the 
dilated temporal and frontal horn of 
lateral ventricle (white arrow). The 
basilar artery is displaced laterally but 
remained patent (black arrowhead).

Figure 2: Magnetic resonance imaging (MRI) 
(a) sagittal T1W, (b) axial T2W and 
(c) sagittal T1W. Fat suppressed 
post-contrast shows a well defined, 
lobulated prepontine mass (*), which 
is predominantly hypointense on 
T1W (a) and hyperintense on T2W 
(b), suggesting a lesion with fluid 
content. No enhancement is seen 
post contrast (c). Small scattered 
areas of hyperintensity on T1W may 
represent foci of haemorrhage (black 
arrowhead). The pituitary (white 
arrow) and clivus (black arrow) are 
intact.
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were arranged in sheets and lobules separated 
by vascularised fibrous septae, which is best 
highlighted by the immunohistochemical staining 
shown in Figure 5. The staining shows positivity 
for pan cytokeratin, epithelial membrane antigen 
(EMA), and S100 protein. It was negative for 
glial fibrillary acidic protein (GFAP). Taking into 
account the retroclival location of the tumour, a 
diagnosis of clival chordoma was made.
	 This patient was subsequently referred to an 
oncology center for further clinical management. 
She required a second excision 13 months later as 
the residual tumour was increasing in size. The 
patient also completed 3 months of radiotherapy. 
She is currently doing well and attending school 
again while being closely followed-up. The most 
recent MRI performed two years post-surgery 
showed no progression of the residual tumour.  

Discussion

	 Chordoma is a rare primary bone tumour 
that accounts for 2–5% of all primary bone 
tumours (8). It arises from embryonic remnants 
of the primitive notochord, which are entrapped 
within the cranial and caudal ends of the vertebral 
column (1,2). Chordomas have an incidence 
rate of 0.08 per 100,000, with a median age at 
diagnosis of 58.5 years and prevalence in males 
(3). Previous reports have described cases of clival 
chordoma in a younger population. In a study of 
cases over a 15-year span in his center, Menezes et 
al. reported eight cases of intracranial chordoma 
in children (4). McMaster’s analysis of chordoma 
incidence in the United States over an 18-year 
period found that 33/400 (8.3%) cases occur in 
patients less than 25 years of age, with propensity 
towards cranial presentation (3). Therefore, 
based on demographics alone, it was difficult 
to diagnose clival chordoma in this 15-year-old 
female patient. 
	 Imaging is useful not only for diagnostic 
purposes, but also for selection of operative 
approaches. However, this case proved to be 
diagnostically challenging. On CT scan, the 
typical description of a clival chordoma is a 
well-defined, hyperdense soft-tissue mass with 
moderate to marked enhancement post-contrast. 
Destruction of the clivus is detectable, which may 
also give rise to the appearance of intratumoural 
calcification. On MRI, the tumour will be 
lobulated, intermediate to hypointense on T1W, 
and very hyperintense on T2W, secondary to high 
fluid content of vacuolated cellular components. 
Involvement of the clivus will be clear with a 
“thumb” of tissue indenting the pons posteriorly. 

Figure 3: (a) Hematoxylin and eosin stain (×20 
magnification) and (b) The tumour 
is homogenous and made up of 
vacuolated cells.

Figure 4: (a, b) Hematoxylin and eosin stain 
(×200 magnification): Vacuolated 
cells (physaliferous cells) (black 
arrow) on a myxoid background 
(*) with adjacent fibrovascular 
septa (arrowhead) filled with mixed 
inflammatory cells.

Figure 5: (a) Pan-cytokeratin 
immunohistochemistry 
(×40 magnification) and 
(b) (×200 magnification) 
Cytokeratin positive 
tumour cells (stained 
brown) are arranged in 
lobules and separated by 
fibrous septa (arrows). 
Some tumour cells are 
arranged in cords within 
some of the lobules (*).

Similar to a CT scan, the tumours show moderate 
to marked enhancement post-contrast on MRI        
(2,8). 
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	 As described above, our patient’s imaging 
results did not conform to the typical description. 
The pre-contrast appearance was suggestive 
of chordoma; however, there was lack of 
enhancement post-contrast. Although the 
tumour was in close contact with the clivus, the 
lack of bony destruction, cortical erosion, and 
marrow involvement suggested the lack of clivus 
involvement. In addition, the imaging results 
made clival chordoma even less likely in our 
patient given the typical demographics of these 
tumours. A CT viewed in a bone window would 
best demonstrate the lack of clival destruction; 
however, the bone window images were not 
included in the printed films sent to us from the 
other center where the procedure was performed. 
Nevertheless, the reporting radiologist did note 
the absence of clival destruction in the report.
	 In an analysis of 42 skull base-chordoma 
and chondrosarcoma cases by Pamir et al., only 
two (4.8%) of the lesions did not enhance on MRI 
and two (4.8%) did not have bone destruction on 
CT, one being an intradural lesion and another 
a chondrosarcoma in the cavernous sinus (9). 
Moreover, Niida et al. reported a case of a 5-year-
old boy with clival chordoma without bone 
involvement, which was similar to our patient 
(10).
	 We acknowledge that this lesion does 
not conform to the typical appearance of an 
epidermoid cyst, which was a point factored into 
the differential diagnosis. However, this case 
was diagnosed as such because epidermoid cysts 
have a similar appearance to this lesion on MRI. 
Other differential diagnoses of a prepontine mass 
include a hypothalamus hamartoma and a midline 
lipoma. However, hypothalamus hamartoma 
is unlikely, as this lesion clearly did not arise 
from the hypothalamic region. In contrast to 
our imaging findings, a midline lipoma would be 
hyperintense on T1W, T2W, and FLAIR due to the 
fat content. 
	 We postulate that this lesion may have 
been intradural, thus explaining why no bone 
involvement was observed. This was not apparent 
in the pre-operative imaging or in the surgical 
findings. The pathology findings also did not 
identify any dural component. However, the 
absence of a dural component does not exclude the 
possibility of an intradural lesion (11). Intradural 
chordoma is very rare and has been previously 
reported (12–14). Another hypothesis is that this 
may be an extraosseus chordoma that developed 
from ectopic notochord remnants, which have 
been found intradurally anterior to the pons in 2% 
of autopsies (15).

	 Vacuolated cells, also known as physaliferous 
cells, characterise a chordoma. Intracranial 
tumours that may resemble chordomas include 
a rare variant of meningioma, chordoid 
meningioma, and third ventricular chordoid 
glioma (16). No region of the tissuespecimen 
exhibited recognisable features of meningioma. 
Moreover, a diffuse and strong positivity for pan 
cytokeratin allowed us to differentiate chordoma 
from chordoid meningioma. Regarding a 
diagnosis of third ventricular chordoid glioma, 
this tumor is typically negative for Glial fibrillary 
acidic protein (GFAP) and positive for Epithelial 
Membrane Antigen (EMA) and pan cytokeratin. 
Thus, we could exclude a diagnosis of chordoid 
glioma. The microscopic features described 
above together with the immunohistochemical 
(IHC) studies are consistent with a chordoma. 
We note that microscopically, there was no 
loose fibroconnective tissue to suggest the 
presence of periosteum. Although the presence of 
fibroconnective tissue may be helpful, it does not 
unequivocally indicate a periosteal origin (11). 
	 Surgery continues to be the primary modality 
in the management of chordoma. Lanzino et 
al. proposed cytoreductive resection to reduce 
tumour bulk and minimise complications. 
Aggressive resection may not be possible, 
particularly when important structures such as 
cavernous sinuses and cranial nerves are involved 
(17). Radiotherapy has been increasingly used as 
an adjunct to gain local control, as chordoma is 
known to have a high local recurrence rate. 

Conclusion

	 In summary, this case report describes our 
challenge in diagnosing a prepontine mass in an 
adolescent without imaging evidence of clival 
involvement. Our findings emphasise that even 
without clival erosion, clival chordoma should 
be considered as a differential diagnosis when 
a lesion is seen in close relation to the clivus, 
particularly when the precontrast images are 
suggestive. 
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