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Abstract

A 54-year-old woman presented a midline clival tumor manifesting as right abducens palsy in May
1997. Magnetic resonance (MR) imaging revealed a midline clival tumor. She underwent surgery twice
with the transsphenoidal approach and gamma knife surgery for residual tumor. The histological diag-
nosis was chordoma. MR imaging revealed that the tumor had extended to the right cerebellopontine an-
gle, with spinal seeding in February 2002. She underwent partial removal of the right cerebellopontine
angle tumor. The histological diagnosis was chordoma with slight nuclear atypism. She died 5 years
and 5 months after the first gamma knife surgery. Autopsy revealed multiple areas of spinal seeding.
Histological examination confirmed malignant transformation with unique epithelial characteristics,

possibly caused by gamma knife surgery.
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Introduction

Chordomas are relatively rare, constituting only
0.1% to 0.2% of all intracranial tumors,!® originate
from remnants of the embryonic notochord, and are
usually localized to the midline body. Approximate-
ly 50% of chordomas arise in the sacrococcygeal
area, 35% in the spheno-occipital region, and the
remaining 15% in other parts of the vertebral
column.” Chordomas are generally considered local-
ly aggressive, with a high incidence of recurrence
and relatively low rate of metastasis ranging from
3% to 43%.%519.23.25 The average time to metastasis is
3 years from the time when the primary tumor is
identified.” Lungs and lymph nodes are the most
common sites of metastasis, followed closely by the
liver and bone. However, spinal seeding from a skull
base chordoma is very rare. Clival chordomas are
difficult to treat, because of the high rate of recur-
rence and contiguity with vital structures, such as
the brainstem, basilar artery, pituitary gland, caver-
nous sinus, and cranial nerves. Malignant transfor-
mation in chordomas has an incidence of only 4%,%"
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and generally manifests as sarcomatous changes.
We report a case of spinal seeding from a clival

chordoma, with malignant transformation with

epithelial characteristics following gamma knife sur-

gery.
Case Presentation

A 54-year-old woman presented with double vision
in May 1997. Her past history and family history
were uneventful. Neurological examination re-
vealed 6th cranial nerve palsy. Computed
tomography with contrast medium revealed a tumor
in the clivus. Magnetic resonance (MR) imaging re-
vealed a midline clival tumor with bone destruction,
appearing as hypointense on T;-weighted and
hyperintense on T,-weighted images. Ti-weighted
MR imaging with gadolinium revealed homogene-
ous enhancement of the lesion (Fig. 1A). She under-
went surgery with a transsphenoidal approach
under general anesthesia in November 1997. The
histological diagnosis was chordoma (Fig. 2A).
Postoperative MR imaging revealed residual tumor,
so the patient underwent gamma knife surgery
(peripheral dose 17 Gy, maximum core dose 34 Gy)
in December 1997. MR imaging revealed regrowth
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Fig. 1 T,;-weighted magnetic resonance images
with contrast medium at first admission
showing a midline clival tumor (A), and ex-
tension of the tumor into right cerebellopon-
tine angle (B) and spinal seeding in the
thoracic (C) and lumbar cord (D) at 4 years
after the first operation.

of the residual tumor in February 2001. She under-
went second gamma knife surgery (peripheral dose
16 Gy, maximum core dose 32 Gy) in February 2001.
She complained of right facial palsy and dysphagia
in February 2002. MR imaging revealed extension of
the tumor to the right cerebellopontine angle and
spinal seeding in the cervical, thoracic, and lumbar
cord (Fig. 1B-D). Although she underwent surgery
for the right cerebellopontine angle tumor, only par-
tial resection was possible. The histological diagno-
sis was chordoma with slight nuclear atypism. She
died 5 years and 5 months after the first gamma
knife surgery. At autopsy, clival tumor was found
extending to the right cerebellopontine angle, and
compressing the brainstem and cerebellum. Multi-
ple areas of spinal seeding were found in the cervi-
cal, thoracic, and lumbar cord (Fig. 3). No findings
of metastases were detected in other organs.
The primary tumor consisted of sheets of phys-
aliphorous cells. The histological diagnosis was
chordoma (Fig. 2A). No mitosis or necrosis was ob-

Fig. 2 Photomicrographs showing the tumor cells
contained physaliphorous cells and nuclear
atypism at the first operation (A: hematoxy-
lin and eosin [HE] stain, X400), phys-
aliphorous cells in mucous matrix with
slightly nuclear atypism at the second oper-
ation (B: HE stain, X400), and atypical
nuclei and prominent nucleoli at autopsy
(C: HE stain, X 200).

Fig. 3 Photograph showing nodules on multiple
areas of the spinal cord.

served. The MIB-1 staining index was 2.4%. The
tumor cells resected at the second operation had eo-
sinophilic cytoplasm (Fig. 2B). Physaliphorous cells
were found in the mucous matrix. Slight nuclear
atypism but no mitosis or necrosis was observed.
The MIB-1 staining index was 4.4%.

Autopsy found that most of the tumor lesion ir-
radiated by gamma knife surgery consisted of
necrotic tissue, as well as sheet-like architecture
with nuclear pleomorphism. The metastatic lesion
of the spinal cord also exhibited sheet-like architec-
ture and a nest-forming pattern. The tumor cells
contained atypical nuclei and prominent nucleoli
(Fig. 2C). Necrosis and mitoses were observed.
These findings indicated malignant transformation
of epithelial nature. Immunohistochemical examina-
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Table 1 Previous cases of spinal seeding from skull base chordoma

Patient

Location of Period from first

Author (Year) age (yrs), E‘?(f:;ilgg First therapy spinal cord therapy until spinal Autopsy
Sex dissemination cord dissemination

Stough et al. 41, M clivus biopsy + radiation T12-L1 5 yrs -
(1971)2

Plese et al. 6, F clivus partial resection unknown recognized at autopsy +
(1978)17

Marigil et al. 44, M clivus chemotherapy unknown spinal seedings and +
(1983)3) +radiation intracranial lesion

were recognized at
the same time

Raffel et al. 40, M clivus biopsy multiple 7 mos -
(1985)19)

Krol et al. 41, M clivus tumor resection multiple 2 yrs —
(1989)1)

Forsyth et al.  unknown clivus subtotal resection C7-T1 unknown -
(1993)% +radiation

Korinth e]t al. 48, F CP angle  biopsy +radiation thoracolumbar  unknown -
(1999)1°

Asano et al. 53, M clivus subtotal resection T-4,T-8,T-9, 11 yrs -
(2003)V +radiation lumbosacral

CP: cerebellopontine.

tion showed the tumor was positive for epithelial
membrane antigen (EMA) and cytokeratin, and
faintly positive for vimentin and S-100 protein, sup-
porting the epithelial nature. The MIB-1 staining in-
dex was 11%.

Discussion

Only eight cases of spinal seeding from a skull base
chordoma have been reported (Table 1).1,510,111317,
19.22) Spinal seeding was identified at autopsy in
two cases, simultaneously with the clival lesion in
one case, and during observation ranging from 7
months to 11 years in six cases. Initial treatment
was surgical resection in three cases, surgery and
radiation in four cases, and chemotherapy and
radiation in one case. The histological findings were
progressive features including pleomorphism,
malignant cell, and mitosis in the three surgical
cases. Two factors may be related to spinal seeding:
destruction of the dura mater during the surgical
procedure and malignant transformation of the
tumor. Destruction of the dura mater may result in
dissemination of the tumor in the skull base to the
spinal cord. In the present case, there were no find-
ings of tearing of the dura mater or leakage of
cerebrospinal fluid during the surgery. However,
microdestruction of the dura mater may have oc-
curred. Chordoma arises from cartilage remnants of
the primordial skull base and initially grows ex-
tradurally, but can penetrate the dura.2? In addition,
chordoma tends to invade the dura and lep-
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tomeninges.'¥ Malignant transformation may ac-
celerate such character and result in spinal seeding,
as more anaplastic chordomas are more likely to
metastasize.”

Malignant transformation of chordoma is quite
rare. Only two of 52 cases of cranial chordoma ex-
hibited malignant transformation, after irradiation
in one case, and de novo transformation to sarcoma
in the other.?® There have been some reports of
malignant transformation occurring after adminis-
tration of radiation®%81523 and de novo malignant
transformation.’¥ Malignant transformation is usu-
ally associated with sarcomatous change.?® The
histological findings of malignant transformation af-
ter radiation and de novo malignant transformation
show no obvious differences.268141523) Malignant
progression of benign brain tumors may occur after
gamma knife radiosurgery, but the primary ne-
oplasm should be considered as a biologically ag-
gressive tumor rather than the side effects of gamma
knife radiosurgery.'? In the present case, the MIB-1
staining index was 2.4% in the first specimen, and
increased up to 11% in the autopsy specimen.

The typical immunohistochemical staining pat-
tern of sarcoma is negative for EMA and cytokera-
tin, and positive for S-100 protein and vimentin.18:23)
However, the present tumor was positive for EMA
and cytokeratin, and faintly positive for vimentin
and S-100 protein, which demonstrated the epitheli-
al nature. Several theories have been proposed to
explain sarcomatous change, including arising adja-
cent to irradiated chordoma, arising from the
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mesenchymal component of a chordoma, arising
from mesenchyme unrelated to the chordoma, and
arising from the epithelial component of a chordo-
ma.? In this case, malignant transformation with
epithelial nature may have occurred by a different
pathogenesis.

The risk of radiation-induced tumors after
radiotherapy for benign disease is 0.5-3% after 30
years.” Malignant transformation of acoustic neuri-
noma and meningeal melanocytoma after gamma
knife surgery have been reported,”??4 but not
malignant transformation of chordoma. The malig-
nant transformation in the present case exhibited
unique characteristics, and could have been
caused by the gamma knife surgery. The possibility
of spinal seeding and malignant transformation
should be considered after gamma knife surgery
for skull base chordoma.
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