Skeletal Radiology (2019) 48:2015-2020
https://doi.org/10.1007/500256-019-03228-7

CASE REPORT

Intra-articular extra-axial chordoma of the wrist: a case report

with review of the current literature
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Abstract

Chordomas are rare bone malignancies that are thought to arise from remnants of the notochord and usually are located in the axial
skeleton. Immunophenotypical matching neoplasms primarily found in appendicular locations, referred to as extra-axial chordoma,
are rarely encountered by radiologists, surgeons, and pathologists. Only a few of these cases have been described in the literature
with only one intra-articular case with involvement of the knee joint. We present the first case of an intra-articular extra-axial
chordoma of the wrist. Diagnostic imaging patterns were initially ambiguous and histopathological reprocessing was crucial in
order to determine the diagnosis of an intra-articular neoplasm with co-expression of cytokeratins, S-100 protein, and brachyury.
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Introduction

Chordomas are a rare neoplasm accounting for only 1-4% of all
malignant bone tumors [1]. With a slightly higher occurrence in
males, chordomas can affect all age groups, but the majority of
lesions are diagnosed in the fifth to seventh decades of life. The
tumor genesis is connected to undifferentiated notochordal cell
remnants and thus most chordomas occur in the spine (32.8%),
skull base (32%), and sacrococcygeal bones (29.2%).
Additionally, a small number of chordoma-like neoplasms are
found in the extra-axial skeleton and soft tissues [2]. If primarily
located in appendicular locations, these chordoma-like neo-
plasms are referred to as chordoma periphericum, parachordoma,
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or extra-axial chordoma. Due to their rarity, these tumors pose a
diagnostic challenge for clinicians and radiologists. In addition to
a complete radiological workup, immunohistochemical analysis
is crucial to identify the expedient histological characteristics.
Aside from conventional HE staining, which shows a character-
istic appearance including physaliferous tumor cells embedded
in a myxoid matrix, immunohistochemical analysis reveals the
co-expression of keratins and S-100 and a diagnostic distinct
nuclear positivity for brachyury [3].

To the best our knowledge, we present the first reported case
of an intra-articularly located extra-axial chordoma of the wrist.

Case report

A 40-year-old male patient was referred to our institution for
evaluation of a growing mass located at his right wrist.
Recurrent periods of pain were noted, connected to certain
movements or when applying pressure to trigger points along
the wrist. A history of previous surgery or trauma involving
the wrist was denied. Examination showed a well-visible
swelling of the wrist and upon palpation, a deeply located
tender-to-elastic, fixed mass was noted. Motility of the wrist
was severely impaired. Circulation, sensation, and motor
function distal to the wrist were normal.

Radiographs of the right wrist showed multiple ero-
sions of the carpal bones as well as the bases of the meta-
carpal bones (Fig. 1), which appeared relatively well
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Fig. 1 AP radiograph of the right wrist showing multiple carpal and
metacarpal bone erosions with non-sclerotic margins (white arrows) as
well as a dense soft tissue mass (white arrowheads)

defined with non-sclerotic margins. MR imaging revealed
an intra-articular carpal mass with intermediate signal in-
tensity on T1- (Fig. 2a), and high signal intensity with
hypointense septations on T2-weighted images (Fig. 2b,

¢). Predominantly peripheral enhancement was seen on
contrast-enhanced MR images (Fig. 2d, e). The lesion
involved all carpal joint compartments including the distal
radioulnar joint and caused multiple bone erosions with-
out evidence of bone marrow edema. Considering the
patient’s clinical findings and MR imaging features,
showing a lobulated intraarticular mass with marked
T2 hyperintensity and peripheral contrast enhancement,
synovial osteochondromatosis was suggested as the most like-
ly diagnosis. Similar to radiography however, unenhanced
computerized tomography (CT) also did not show any calci-
fications of tumor tissue, and several bone erosions showed
irregular and indistinct margins (Fig. 3a, b). Therefore, the
diagnosis of synovial chondromatosis was doubted and
incisional biopsy for histopathological evaluation was
indicated.

Following preoperative medical assessment, surgical inci-
sion was performed along the base of the fourth metacarpal
bone. The operative site revealed a soft, multi-chambered
cyst-like mass with ill-defined margins. Further inspection
revealed tumor infiltration of more deeply located tendons,
capsules and bone. A 0.5-cm-large, partly synovial and soft
tissue section from the dorsal side of the wrist and a 0.3-cm-
large, partly synovial and soft tissue section from the base of
the fourth metacarpal bone were obtained. Following primary
closing of the wrist under draining via Redon catheter, the
post-surgical evaluation did not show any complications.

Fig. 2 MR imaging of the right wrist. a Coronal T1-weighted TSE
images shows a large intraarticular mass (white arrows) of intermediate
signal intensity with multiple bone erosions. On coronal and axial T2-
weighted images with fat-suppression, the well-defined lobulated lesion
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reveals hyperintense signal intensity with fine separations (b, ¢). Coronal
and axial contrast-enhanced images shows peripheral and septal
enhancement (d, e)
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Fig. 3 Axial and coronal CT
reformation images show
erosions involving the metacarpal
bones as well as several carpal
bones (a, b). The lesions lack a
sclerotic margin and appear
partially ill defined. (a, b, white
arrows). Note absence of
calcifications within the soft
tissue mass

On histological analysis, performed with conventional
hematoxylin and eosin staining, all tumor nodules showed
features suggestive of a chordoma.

Further immunohistochemical work-up to confirm the di-
agnosis and exclude differential diagnosis revealed a co-
expression of CKpan MNF116, EMA, p63, and (weak nuclear
and cytoplasmatic) S-100 protein. There was no immunoreac-
tivity for p16 and INI1 expression was retained. CDK6
showed nuclear positivity whereas CDK4 was negative.
Furthermore, Rb and phospho-RB were expressed in tumor
cells. In an immunoreactivity test with the monoclonal anti-
body MIB-1, the proliferation index was 20-30%. This im-
munohistochemical expression profile led to the differential
diagnosis of a myoepithelial proliferation versus an (extra-

Fig.4 Representative stainings of \ gl AN 7
the extra-axial chordoma. a, b) :
H&E stain, showing characteristic
epithelioid, partially
physaliphorous tumor cells
arranged in cords embedded in a
myxoid matrix. ¢ Nuclear
brachyury expression in tumor
cells. d Cytokeratin panMNF 116
stain revealing positive staining
result

axial) chordoma not otherwise specified (NOS). An
immunohistologic staining against brachyury was performed,
revealing a nuclear expression of brachyury in all tumor cells.
Based on morphology and expression profile, the diagnosis of
an (extra-axial) chordoma was made, pointing out that the
metastasis of an axial chordoma should be ruled out (Fig. 4).
In addition, a fluorescence in situ hybridization (FISH) to
detect potential CDKN2A deletions, which are found in
80% of axial chordomas, was performed and revealed a
disomy of the CDKNA gene locus.

Following the pathological report and in order to rule out a
primary lesion in the axial skeleton, the patient underwent
additional MR imaging of the entire spine and skull. The ex-
aminations revealed no evidence of an axial chordoma. Due to
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the already advanced local progression of the tumor, involving
all carpal joint compartments including the distal radioulnar
joint with multiple bone erosions, local excision was not fea-
sible and the only curative option would have been an ampu-
tation. This option however was declined by the patient. The
patient was then transferred to a Center for Proton Therapy to
undergo a proton beam therapy of his wrist. It was reported to
us, that after the first treatment session the mass did not de-
crease in seize but also did not grow any further (stable dis-
ease). Distant metastases have still not been reported yet.

Discussion

The radiologic appearance of chordomas in axial locations is
rather specific. They commonly present as a large, lobulated
midline lesions of high T2-weighted signal intensity com-
pared to subcutaneous fat with T2-hypointense septations
and low to intermediate signal intensity compared to skeletal
muscle on T1-weighted images. Contrast enhancement detect-
ed with T1-weighted images with or without fat saturation is
usually moderate and heterogeneous and frequently shows a
honeycomb pattern.

Whereas modern immunocytochemistry allows
distinguishing chordomas and extra-axial chordomas from
parachordomas [2, 3] (in earlier studies from some authors also
referred to as chordoma periphericum [4]), the solely radiolog-
ical characteristics of extra-axial located chordoma-like lesions
do not significantly deviate from those of axial chordomas [3,
5-14]. Moreover, the imaging findings of extra-axial
chordomas resemble those of well-differentiated cartilage tu-
mors, which are by far more common [15], making the diag-
nosis of e.g., a synovial osteochondromatosis much more likely.

The imaging similarities between chordomas and cartilage
tumors might be explained by their common embryogenetic
pattern, since both malignancies originate from the embryonic
notochord. The notochordal origin of the axial chordoma
plays a critical role in embryonic tissue pattern. Additionally,
notochord progenitors consist of embryonic tissue from which
bone or other skeletal tissues such as cartilaginous tissue arises
[16]. In this context, it has been shown previously that the
notochordal expression profile of certain malignancies is sim-
ilar to the profile of other neoplasms, and that the differentia-
tion of chordomas from other neoplasms (e.g., cartilaginous
tumors) therefore is challenging [3, 16].

Particularly in soft-tissue locations, some investigators have
questioned the existence of chordomas since, due to the embry-
onic patterns, the definition of these malignancies has not been
quite clear. For a long time chordomas were thought to be indis-
tinguishable from particularly myoepithelial proliferations, which
also co-express cytokeratins and S-100 protein [17]. In an early
study by Salisbury et al., the authors were able to show that
immunohistochemical staining with antibodies against epithelial
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antigens can be used to distinguish chordomas from cartilaginous
tumors, since they found the same cytokeratins and oligosaccha-
ride sequence in chordomas as in the human fetal notochord but
not in cartilaginous proliferations [18]. Folpe et al. were already
able to show that parachordomas have a very similar
histomorphologic, physaliferous-like appearance in conventional
stainings, but are distinct from axial chordomas in their
cytokeratin expression profile and cytogenetics [19], further-
more, Tirabosco et al. demonstrated that parachordomas
could also be distinguished from extra-axial chordomas,
based on their (nuclear brachyury) immunoreactivity [3].

Only recently Henderson et al. reported a high level of
expression of the transcription factor brachyury in chordomas
[20], which is known to be involved in notochordal develop-
ment. Vujovic et al. demonstrated its utility as a specific diag-
nostic marker [21] for notochord and notochord derived tu-
mors. Therefore the transcription factor brachyury is a highly
characteristic diagnostic finding of chordomas.

As shown, the T-box brachyury transcription factor is re-
quired for the specification of mesodermal identity, regulating
the notochord formation and is specifically linked to the em-
bryogenic structure of this neoplasm [21]. The diagnostic ad-
vantage of this novel and compelling marker has already been
used in more recently published studies in appendicular
chordoma-like lesions. These lesions were found to be posi-
tive for brachyury by immunohistochemistry, which defines
these cases as (extra-axial) chordomas. Based on these studies,
the pathological diagnosis of an extra-axial chordoma should
be limited to malignancies/neoplasms that share the character-
istic appearance and the specific immunohistochemical ex-
pression profile (co-expression of cytokeratin and S-100 pro-
tein and nuclear expression of brachyury) of axial chordomas.

Our literature search (English language) for cases with diag-
nosis of an extra-axial chordoma revealed 11 publications with
a total of 20 malignancies that were reported to be brachyury-
positive and were identified as extra-axial chordomas [3, 5-14].
Similarly, our case had the typical histomorphological appear-
ance and revealed a positive immunohistochemical profile for
brachyury and co-expression of cytokeratin and S-100 protein.
This indicates that the presented lesion is in line with the diag-
nosis of an extra-axially located chordoma.

Only one previously published case described an intra-artic-
ular location at the knee, whereas the majority of the other cases
was located either intramedullary or intracortically.
Additionally, a few cases with soft tissue extra-axial chordomas
were reported previously [3]. To the best of our knowledge,
this is the first case reporting an intra-articularly located
extra-axial chordoma of the wrist.

Our immunohistochemical work-up was positive for epithe-
lial membrane antigen (EMA), cytokeratin, p63, S100, and
brachyury, combining the typical immunohistochemical features
of notochordal neoplasms [21]. Surprisingly, the FISH analysis
for the cyclin-dependent kinase inhibitor 2A (CDKN2A) protein
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yielded a disome signal, indicating that the tumor did not show
loss of the CDKN2A loci (in 9p21), which is lost in 80% of
chordomas [22, 23]. Interestingly, despite disomy upon FISH,
p16 immunohistochemistry was negative indicating a yet un-
known mechanism of p16 inactivation. Potential mechanisms
of pl6 inactivation, which can not detected by CDKN2A
FISH analysis, might be point mutations, promotor hypermethy-
lation or splicing errors [24, 25]. The CDK4/6 pathway, as indi-
cated by expression of Phospho-Rb and Rb, was also activated.
None of the previously published cases of a brachyury-positive
extra-axial chordoma provided information on the deletion of
the CDKN2A gene nor the activation of the downstream path-
ways. Although not tumor specific, further investigation of in-
activation of the CDKN2A gene in an extra-axial chordoma
would be of great interest to promote our understanding of
why chordoma-like lesions occur in appendicular locations.
In conclusion, our presented case of an extra-axial chordoma
coincides with that of previously reported cases, but with an
unique intra-articular location. Despite the image appearance of
a chordoma-like lesion, this is a very rare diagnosis.
Due to certain imaging features the diagnosis synovial
osteochondromatosis was considered first. Yet, certain missing
features such as absent calcifications made this diagnosis
doubtful and biopsy was performed. Together with the imaging
features, immunohistochemical analysis supported the view of
a notochordal differentiation as seen in axial chordomas.
However, the none-deleted CDKN2A loci/gen showed a cer-
tain difference to those of typical axial chordomas, raising the
question of whether or not this presented malignancy is to be
considered an extra-axial chordoma or a unique entity with very
similar immunohistochemical patterns to the classic chordoma.
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