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Chordomas are rare, locally invasive, and slow-growing neoplasms that
originate from remnants of the primitive notochord. They account for
approximately 1% of all intracranial tumors and are typically found in the
sacrococcygeal region or at the skull base. Purely intradural intracranial
chordomas are exceptionally rare, with only 67 cases documented to date, to
the best of our knowledge. These tumors are generally situated near the
midline. We present the case of a 67-year-old male who developed
hemiparesis and hemihypoesthesia 6 years after undergoing surgery for a
classical spinal chordoma that was purely extradural. Magnetic resonance
imaging revealed a mass in the frontoparietal area, initially suggestive of an
intraaxial tumor. However, intraoperative findings indicated that the lesion
was extraaxial, and histopathological evaluation confirmed it as an intradural
chordoma. To our knowledge, this is the first reported case of a chordoma
within the brain parenchyma and away from the midline.

KEYWORDS

intradural chordoma, cranial chordoma, metastasis, brain parenchymal lesion, spinal
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Introduction

Chordomas are rare, locally invasive, and slow-growing tumors that develop from
remnants of the primitive notochord and are typically found along the axial skeleton
(1, 2). They account for approximately 1% of intracranial tumors and 1%-4% of all
primary bone tumors (3-5). Approximately 50% of chordomas occur in the
sacrococcygeal region, 35% at the skull base, and 15% in the mobile spine (6-8). Although
histopathologically classified as benign, chordomas can extend beyond the dura and cause
significant bone destruction, making complete surgical excision difficult (2, 4). Even after
total macroscopic removal, recurrence is frequent (9).

Purely intradural chordomas without involvement of the dura or bone are extremely rare.
These tumors are most often located along the midline, particularly in the prepontine cistern
and the supra- or intrasellar regions (1). Compared with conventional chordomas, intradural
chordomas are considered to have a more favorable prognosis, as their surgical removal is
reportedly easier due to the clear boundaries of the lesions (3, 6). Spinal chordomas may
also arise as metastatic seeding following surgical intervention for cranial chordomas
(7, 8). In this report, we present a case involving a purely extradural spinal chordoma that
was surgically treated twice, with the patient developing a cranial intradural chordoma
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3 years after the second procedure. A fluorodeoxyglucose-positron
emission tomography/computed tomography (FDG-PET/CT) scan
performed at the time of the initial presentation revealed no such
intracranial lesion. To the best of our knowledge, this is the first
reported case of an intradural chordoma located within the
frontoparietal parenchyma and away from the midline.

Case report

A 67-year-old male patient presented to our outpatient clinic
with a complaint of low back pain that had begun 6 months prior.
During the past month, the pain had started to radiate into his left
leg. Neurological examination revealed muscle strength of 4/5 in
the left tibialis anterior and extensor hallucis longus, along with
localized tenderness upon palpation over the L2 vertebra. Magnetic
resonance imaging (MRI) revealed a mass involving the right
pedicle and body of the L2 vertebra. There was a 50% reduction in
vertebral body height at this level, with partial tumor extension
into the spinal canal and compression of the thecal sac from the
right side (Figures 1A,B). The lesion appeared hypointense on
T1-weighted images and hyperintense on T2-weighted images and
exhibited diffuse An FDG-PET/CT
was also performed, which demonstrated increased uptake at

contrast enhancement.
the L2 vertebra (SUVmax, 12.5), suggestive of metastasis. No
intracranial lesions exhibited increased uptake or produced mass
effect on the FDG-PET/CT (Figure 2). Based on these findings, the
lesion was initially considered a potential metastatic tumor, and
surgical intervention was scheduled. Surgery was performed via a
posterior approach. A total laminectomy at L1 and right-sided
hemipartial laminectomy at L2 were conducted to achieve subtotal
decompression and tumor removal. Posterior stabilization from
TI1 to L4 was achieved using bilateral pedicle screws, with
unilateral placement at the L2 level on the left side (Figure 1C).
The lesion was entirely extradural. Histopathological examination
revealed nodular tumor tissue within a rich vascular background,
characterized by focal, prominent epithelial proliferation. The
tumor cells were predominantly clear, partially physaliphorous,
and partially eosinophilic with abundant cytoplasm, showing
low-grade atypia. While mucin was present in small areas and
there were single-layered cell patterns resembling adenoid
structures, well-formed glandular architecture was not identified.
Immunohistochemically, the tumor was strongly positive for
vimentin, CDX2, TTF-1 (in 25% of cells), epithelial membrane
antigen (EMA), and Pan-CK (5/6/8/18). It was negative for
S$-100, CK-20, CK-7, CK-5/6, CD10, and renal cell carcinoma
(RCC). Brachyury staining was not performed. Due to the absence
of S-100 positivity, a diagnosis of chordoma was ruled out.
Although CDX2 positivity indicated intestinal differentiation,
the lack of CK7 and CK20 expression, which are typically
seen in gastrointestinal tumors, argued against that origin. Possible
primary sources considered included adrenal, hepatic, and
prostatic carcinomas. A definitive diagnosis could not be
established, and the lesion was interpreted as a metastasis of clear
cell carcinoma from an unknown primary. The postoperative
course was uneventful, his symptoms were resolved, and the
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postoperative neurological examination of the patient was

unremarkable.  Stereotactic  radiosurgery  (TruBeam) was
administered, delivering a total dose of 30 cGy in 10 fractions to
the tumor site.

Three years after the initial operation, the patient presented with
complaints of newly developed right-sided sciatica. Neurological
examination at this time was unremarkable. A follow-up spinal
MRI revealed the progression of the remnant tumor in the same
region (Figures 3A,B). The patient underwent a second surgical
procedure, during which the tumor was again removed subtotally
(Figures 3C,D). As in the previous operation, the tumor was
found to be purely extradural. This time, histopathological and
immunohistochemical analysis of the specimen confirmed the
diagnosis of chordoma. The tumor was predominantly composed
of cells with clear or multivacuolated cytoplasm, occasionally
forming chordoid and trabecular arrangements within a myxoid
stroma. Immunohistochemically, the tumor cells were positive
for cytokeratin (CK) AE1/AE3 and negative for S-100, RCC,
CK14, CK7, CK20, and PAX8. The MIB-1 labeling index was
10%. Tumor cells showed diffuse positive staining for brachyury,
a specific marker for tumors of notochordal origin. The
postoperative course was again uneventful, the patients’ symptoms
were relieved, and there were no neurological deficits after the
surgery. Following the confirmed diagnosis of chordoma, proton
beam therapy was administered with a total dose of 66 Gy
delivered in 33 fractions. The spinal lesion remained stable over
the next 3 vyears, during which the patient continued to be
monitored regularly in the outpatient clinic.

At his most recent follow-up visit, the patient reported weight
loss and newly developed left-sided weakness. He had lost 15 kg
over the past 6 months. Neurological examination revealed left-
sided hemihypoesthesia, with upper extremity hemiparesis graded
at 3/5 and lower extremity hemiparesis at 4/5. Cranial MRI
demonstrated a tumoral mass in the right frontoparietal region
lesion

measuring 70 mm x 50 mm x 55 mm. The appeared

hypointense on TI1-weighted images and hyperintense on
T2-weighted images, with rim-like contrast enhancement. The
central portion of the lesion showed no enhancement and
appeared necrotic and cystic with hypointense characteristics. The
lesion was associated with surrounding edema and caused a 5 mm
shift of the midline (Figures 4A,B). Based on these radiological
findings and the new clinical presentation of hemiparesis, the
lesion was initially considered to be intraaxial, prompting
immediate surgical intervention. A neuronavigation-guided right
frontoparietal craniotomy was performed. Upon opening the dura,
the tumor was identified as extraaxial, with partial attachment to
the dura. It was noted to be highly vascularized. Using the tumor’s
cleavage plane, it was carefully dissected from adjacent neural
structures and internally debulked in a stepwise manner. Total
resection was achieved with the assistance of neuronavigation
and intraoperative ultrasound. The patient was monitored
postoperatively in the intensive care unit without any new
neurological deficits. Early postoperative MRI confirmed complete
removal of the tumor (Figures 4C,D). Following 4 additional days
of inpatient care, the patient was discharged from the hospital with
no neurological deficits.
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FIGURE 1
Preoperative MRI: (A) T1-weighted sagittal and axial MRI with contrast, (B) T2-weighted sagittal and axial MRI revealed a mass lesion involving the
right pedicle and body of the L2 vertebra. There was approximately 50% height loss of the vertebral body at that level, with partial tumor
extension into the spinal canal causing compression of the thecal sac from the right side. The lesion demonstrated diffuse contrast
enhancement and appeared hyperintense on T2-weighted images. (C) Postoperative T2-weighted sagittal and axial images showed a total
laminectomy at L1 and right hemipartial laminectomy at L2, subtotal tumor removal, and decompression. Note the use of unilateral (left) pedicle
screws at the L2 level.
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FIGURE 2
FDG-PET/CT scan demonstrating no intracranial lesions with increased uptake or causing any mass effect.

FIGURE 3

New spinal MRI performed 3 years after the initial surgery revealed a recurrent tumor with progression in the same region. It appeared hypointense
on T1l-weighted images (A) and hyperintense on T2-weighted sagittal and axial images (B), showing diffuse contrast enhancement, spinal canal
extension, and dural sac compression. Postoperative T1-weighted (C) and T2-weighted (D) MRI images demonstrate subtotal tumor removal and
adequate decompression

Histopathological analysis showed physaliphorous cells with ~ stroma. The tumor stained positive for CK AE1/AE3, brachyury,
clear or multivacuolated cytoplasm arranged in chordoid, solid, —and INI-1, with weak S-100 staining observed in a small
trabecular, and pseudoglandular patterns within a myxoid number of cells. The MIB-1 labeling index was measured at
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FIGURE 4

postoperative cranial MRI (C,D) confirmed total tumor resection.

Preoperative cranial MRI (A,B) showed a tumoral lesion located in the right frontoparietal region measuring 70 mm x 50 mm x 55 mm, hypointense
on T1-weighted and hyperintense on T2-weighted images, with rim-like contrast enhancement. The central areas of the tumor did not enhance with
contrast and appeared necrotic and cystic with a hypointense signal. The lesion caused peripheral edema and a 5-mm midline shift. Early

20%. These findings were consistent with a diagnosis of chordoma.
The patient was placed under close clinical surveillance. One year
after the surgery, no recurrence was detected, and the patient
remains clinically and radiologically stable.

Discussion

The notochord is a temporary mesodermal structure present
during embryonic development, around which the ventral skull
base, vertebral column, and sacrum form (2, 10). It first appears
during the third week of embryogenesis and begins to regress by
approximately the sixth or seventh week (6, 10). In adults, it
persists only within the nucleus pulposus of the intervertebral
disc (10). Since any remaining notochordal tissue would be
expected to reside within bone, chordomas typically develop in
extradural locations and are associated with bone destruction
(2, 4). Pure intradural intracranial chordomas are exceedingly
rare, with only 67 reported cases to date, to the best of our
knowledge (1, 2, 6, 11-13).

The exact pathogenesis of intradural chordomas remains
unclear. Two main theories have been proposed to explain the
development of purely intradural chordomas. The first theory
involves ecchordosis physaliphora (EP), which is considered a
benign, ectopic remnant of notochordal tissue that usually remains
asymptomatic (3, 10, 13). EPs are typically located in the
prepontine cistern, range in size from a few millimeters to 2 cm,
and are attached to the dorsal clivus via a small pedicle-like
structure (2, 10, 13). Their incidence is approximately 2% in
autopsy series and 1.7% in MRI studies (10, 13). According to the
first theory, the malignant transformation of EP, a benign

Frontiers in Surgery

developmental anomaly, may result in the formation of intradural
chordomas (2). This explanation is plausible for tumors arising
adjacent to ventral skull base synchondroses, such as the
prepontine cistern or intra- or suprasellar regions. However, it
does not adequately account for intradural chordomas in less
common sites such as the sphenoid wing, anterior cranial fossa,
pineal region, or corpus callosum. The second theory proposes
that notochordal remnants may become displaced and migrate
within the intradural space, potentially as a result of early cranial
trauma (2, 11, 14). In our case, the tumor’s localization was
unusual. It was situated in the right frontoparietal region, distant
from the midline and located within the brain parenchyma.
Although the patient had a prior history of spinal chordoma, the
cranial lesion was not suspected to be a chordoma before surgery.
To our knowledge, this specific localization has not been
previously reported for intradural chordomas.

We also performed a brief literature review to compile all
published cases of intradural chordomas within the cranial vault.
Studies involving primary extradural chordomas and spinal
chordomas were excluded. In total, 67 cases were identified. The
most common locations were the prepontine cistern, with 24
reports covering 32 cases (1, 2, 12), and the intrasellar-suprasellar
region, with 16 reports including 20 cases (I, 15). In addition,
there were 15 case reports of intradural chordomas in uncommon
locations (1, 4, 6, 11, 14, 16-25) (Table 1). Among these 15 cases,
20). Our
current case represents the third case with this radiological

only 2 appeared intraaxial on radiological imaging (1,

characteristic. Previously, only one case reported by Rinaldo et al.
(1) demonstrated similar imaging, initially considered a possible
glioblastoma before surgery. However, in that instance, the tumor
was located in the corpus callosum, a midline structure.
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TABLE 1 Reported case reports in the literature of cranial intradural chordomas with uncommon locations.

| Author ___ pubication year Radiological appearance
(19)

Bulters et al. 2010 24/M Anterior cranial fossa Extraaxial

Dow et al. 2003 9/F Cerebellar hemisphere Intraaxial (20)
Korinth et al. 1999 48/F Cerebellopontine angle Extraaxial (23)
Goodarzi et al. 2017 40/M Cerebellopontine angle Extraaxial (25)
Hazra et al. 2022 70/M Cerebellopontine angle Extraaxial (11)
Rinaldo et al. 2018 69/M Corpus callosum Intraaxial (1)
Katayama et al. 1991 32/F Foramen magnum Extraaxial (22)
Lu et al. 2004 29/F Meckel’s cave Extraaxial (24)
Barresi et al. 2012 70/F Meckel’s cave Extraaxial (18)
Figueiredo et al. 2011 18/M Pineal region Extraaxial (21)
Kwon et al. 2021 41/M Pineal region Extraaxial 6)
Anderson et al. 2012 13/F Posterior fossa Extraaxial (17)
Kunert et al. 2012 39/M Sphenoid wing Extraaxial (4)
Warnick et al. 1991 58/M Tentorium cerebelli Extraaxial (14)
Commins et al. 1994 51/F Third ventricle Extraaxial (16)

Hypothalamus
Current report 2025 67/M Frontoparietal cortex Intraaxial
Histopathological ~diagnosis of chordoma is based on  was no family history of chordoma or other tumors, nor were

characteristic cell morphology, the presence of
physaliphorous cells. Immunopositivity for epithelial markers such
as CKs and EMA, as well as for the S-100 protein, is also

significant (4). Notably, positive staining for brachyury and

including

galectin-3 is especially important for confirming the diagnosis (5).
The MIB-1 proliferation index is considered an important
prognostic factor, with values above 10.2% associated with tumor
recurrence (26). In our case, the absence of S-100 positivity after
the first surgery contributed to a misdiagnosis. CKs were also
negative, and without brachyury staining, the tumor was mistaken
for a metastasis. The histopathological findings suggested clear cell
carcinoma, although determining the tumor’s origin was difficult.
It was only after the second surgery, when brachyury staining was
applied, that the correct diagnosis was established. Therefore, we
believe that when cells show chordoid and trabecular patterns,
additional immunostaining with brachyury and galectin-3,
alongside standard S-100, CKs, and EMA staining, may be critical
for accurate histopathological diagnosis.

Although the genetics of chordoma have been investigated in
both sporadic and familial cases, they are not yet fully understood.
In sporadic chordoma cases, aneuploidy has been reported
with an average incidence of approximately 53% (27). Genetic
research on chordomas indicates that chromosomal instability
usually leads to chromosomal gains—especially in regions such
as chromosome 7—and losses, particularly in regions 1p and 3p
(27, 28). Tumor genetics also offers information regarding
prognosis and recurrence, with some evidence suggesting that
abnormalities in chromosomes such as 3, 4, 12, 13, and 14 may
be more strongly linked to recurrence (27). A study by Yang
et al. (29) identified chromosome 7q as a potential locus for
familial chordoma, although the previously noted involvement
of the 1p locus was not clearly confirmed in their work. The 7q
region, important in both familial and sporadic cases, spans
about 16 megabases and contains many genes, making it a
significant focus for future studies (27, 29). In our patient, there
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there known genetic or environmental risk factors such as
radiation exposure. The case was considered sporadic. Genetic
testing was not performed before diagnosis, but the tumor tissue
was stored in a biobank for possible future analysis.

The
established; however, the challenge lies in including intradural

radiological characteristics of chordomas are well
chordomas in the differential diagnosis when they appear in
unexpected locations, as in our case. Chordomas typically appear
as hypointense lesions on T1-weighted images and hyperintense
on T2-weighted images, with contrast enhancement (9). Poorly
differentiated histopathology cases have shown diffusion restriction
and low apparent diffusion coefficient signals (2). The spinal
tumor in our case exhibited classic chordoma features, including
bone destruction, but these features are also common in metastatic
tumors, which contributed to the histopathological misdiagnosis
after the first surgery. The intracranial intradural chordoma
also appeared hypointense on TI1-weighted and hyperintense
on T2-weighted
enhancement. Although these radiological findings align with

images, with peripheral rim-like contrast
chordoma, its unusual location within the brain parenchyma—
rather than near the midline—prompted consideration of other
possible diagnoses. The tumor was initially thought to be intraaxial
before surgery, and its extraaxial nature was only discovered
during the operation.

Chordomas can metastasize, but this typically occurs in the
advanced stages of the disease (30). The lungs are the most
common site of metastasis, with younger patients being more
frequently affected (8). Other potential metastatic sites include the
liver, lymph nodes, bones, and cerebrospinal fluid dissemination
(8, 31). Steenberghs et al. (32) and Badwal et al. (33) have reported
spinal and meningeal metastases originating from intradural
chordomas. Although intradural chordomas are considered to have
a better prognosis (3, 6), they may still tend to metastasize (30).
Cases of seeding metastases from cranial chordomas have been
reported previously (8, 30). Surgery for intracranial chordomas has

frontiersin.org



Sarn et al.

been suggested as a possible factor contributing to surgical seeding
metastasis (30). However, this remains speculative, as no published
cases include spinal MRI at the time of diagnosis and/or surgery
for intracranial intradural chordomas (7). Kawanabe et al. reported
the only case demonstrating spontaneous coexistence of spinal and
cranial intradural chordomas in the same patient (7). Our case
represents an exceptionally rare example compared to those
reported in the literature. In this case, a classical spinal chordoma
was diagnosed and surgically treated. At the time of diagnosis, a
PET/CT scan showed no intracranial lesions. Six years after the
initial surgery, the patient developed an intracranial mass. It is
difficult to definitively classify this lesion as a metastasis from the
spinal chordoma, but prior imaging clearly demonstrated that the
intracranial lesion was not present at the time of the initial spinal
chordoma diagnosis. Another important point is that the dura was
not opened during either of the two spinal surgeries, meaning the
spinal chordoma was located extradurally. It is also possible to
speculate that a small EP-type lesion may have migrated to the
brain parenchyma during embryonic development and remained
dormant for years before differentiating into an intradural
chordoma. It is possible that this lesion may have remained
undetected in PET/CT scans. Although the mechanism is difficult
to explain, to consider the current lesion as a metastasis occurring
in the opposite direction than typically expected—that is,
spreading from the spinal column to the cranial vault, is also possible.

Regardless of the mechanism of occurrence, our case is unique
because of its parenchymal location, which is distant from the
midline and skull base—typical sites for chordomas. Despite the
patients’ known history, the tumor’s radiological features and
location led us to consider diagnoses other than chordoma before
pathological examination. Further research is needed to explore
potential metastatic mechanisms or the coexistence of dual tumors
in different locations during the clinical course of chordomas.
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