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Abstract

Extra-axial chordoma is an exceedingly rare tumor, with only 28 cases reported in the literature to date. Axial and extra-axial
chordoma exhibits complete morphologic and immunophenotypic (expression of brachyury) overlap. However, in consideration
of the non-canonical presentation, extra-axial chordoma is under-recognized and often misdiagnosed, most often as extraskeletal
myxoid chondrosarcoma or myoepithelioma. To increase our understanding of the clinicopathologic features of extra-axial
chordoma, six cases have been retrieved from the files of the Istituto Ortopedico Rizzoli and of the General Hospital of
Treviso. The clinicoradiologic, morphologic, and molecular features have been analyzed, and the follow-up was updated. Our
series included four female and two male patients; their ages ranged from 20 to 67 years (mean 45.8 years). All patients presented
with a single mass localized in four cases in the soft tissue (posterior arm, left leg, dorsal aspect of the foot, and popliteal fossa),
and in two cases in the bone (radius and second metacarpal bone). Grossly, the neoplasm was lobulated, with a fleshy cut surface
and a diameter ranging between 0.8 and 8§ cm (mean 3.4 cm). Morphologically, all six cases showed an epithelioid cell
proliferation organized in nests and cords demarcated by fibrous septa and set in an abundant extracellular myxoid matrix.
Neoplastic cells featured hyperchromatic nuclei and abundant vacuolated cytoplasm. Immunohistochemically, all six cases were
strongly positive for EMA, cytokeratin AE1/AE3, S100, and brachyury. INI1 nuclear expression was retained. Smooth muscle
actin, calponin, p63, and GFAP were all negative. Fluorescent in situ hybridization (FISH) analysis did not reveal rearrangements
involving NR4A3, FUS, and EWSRI genes. At follow-up (mean 55 months), all patients were alive without disease after local
surgical treatment. One patient underwent thigh amputation following multiple local recurrences and inguinal node metastases
treated with marginal resection. In conclusion, primary extra-axial chordoma is an extremely rare neoplasm with distinct
morphological and immunohistochemical features. Immunomorphology and molecular analysis allow distinction from both
extraskeletal myxoid chondrosarcoma and myoepithelioma. Complete surgical resection appears to be curative.
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Introduction

Chordoma represents a rare malignant bone tumor (annual
incidence is of approximately 0.08 cases per 100,000 people)
59 A. Righi exhibiting notochordal differentiation that occurs almost exclu-

alberto.righi @ior.it sively in the axial skeleton, with a predilection for the vertebral
bodies, the sacrococcygeal bone and the base of the skull [1].
The extra-axial location is extremely unusual, with only 28
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However, in consideration of the non-canonical presenta-
tion, extra-axial chordoma is under-recognized and often
misdiagnosed, especially when large and deep-seated, mostly
as extraskeletal myxoid chondrosarcoma and myoepithelioma.
Brachyury is a transcription factor playing a key role in noto-
chordal differentiation and represents a very specific marker
for notochordal tumors. A strong nuclear immunohistochemi-
cal expression of brachyury was reported in the majority of
neoplastic cells of two cases of soft tissue myoepithelioma
[14, 15]. Of course, in consideration of the already mentioned
immunomorphologic overlap, it cannot be excluded that those
cases actually represented examples of extra-axial chordoma.

Myoepithelial neoplasms represent a clinicopathologic het-
erogeneous group of tumors, ranging from benign to highly
aggressive lesions, which, based on their anatomical location
as well on the presence/absence of ductal differentiation, are
sometimes designated under different labels: soft tissue
myoepithelioma, parachordoma, and mixed tumors [15].
EWSRI and FUS gene rearrangements are observed in ap-
proximately 65% of soft tissue myoepithelioma. NR4A3 gene
rearrangement is instead detected in almost all cases of
extraskeletal myxoid chondrosarcoma, therefore serving as a
powerful diagnostic confirmatory tool [15].

To increase our understanding of the clinicopathologic and
molecular features of extra-axial chordoma, we herein de-
scribed six cases of this exceedingly rare tumor entity.

Material and methods
Cases

The study is based on six patients with extra-axial chordoma,
without history of prior axial chordoma or other skeletal no-
tochordal tumor evaluated by radiological imaging (TC, MRI,
and PET). The samples relative to four patients were obtained
from the Pathology Department of the Rizzoli Institute from
1981 to 2016, and the other two cases were external consul-
tations of the Department of Pathology of the General
Hospital of Treviso. Follow-up data was available for all six
patients. Institutional Review Board permission was obtained
for the study (protocol numbers: 0009581 and 0011714).

Immunohistochemistry

Serial, 4-mm thick paraffin sections mounted on pre-coated
slides were processed according to standardized automated
procedures (Ventana Medical Systems, Tucson, AZ) and im-
munostained with the following antibodies: protein S-100
(rabbit polyclonal antibody, Ventana, pre-diluted), pan-
cytokeratin AE1/AE3 (mouse monoclonal antibody, clone
AE1/AE3/PCK26, Ventana, pre-diluted), EMA (mouse
monoclonal antibody, clone E29, Ventana, pre-diluted), INI1
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(mouse monoclonal antibody, clone BAF47, Cell Marque,
pre-diluted), GFAP (rabbit monoclonal antibody, clone
EP672Y, Cell Marque, pre-diluted), smooth muscle actin
(mouse monoclonal antibody, clone MMAB, 1A4, Ventana,
pre-diluted), p63 (mouse monoclonal antibody, clone 4A4,
Ventana, pre-diluted), calponin (rabbit monoclonal antibody,
clone EP798Y, Ventana Cell Marque, pre-diluted), and
brachyury (Santa Cruz Biotechnology; Rabbit polyclonal an-
tibody, 1:50 dilution). Pretreatment for antigen retrieval was
performed at 95 °C with Tris-EDTA pH 8 for 20 min. Staining
was performed with an UltraView Universal DAB Detection
Kit (Ventana Medical Systems), as previously reported [16].
Appropriate positive and negative controls were included in
each run, and the absence of a primary antibody was used as a
negative control.

FISH

FISH was performed with the EWSRI (22q12), the FUS
(16p11), VYsis LSI Dual Color Break-apart DNA probe
(Abbott Molecular, Des Plaines, IL), and the SPEC NR4A3
(9922.33) Dual Color Break-apart probe (ZytoVision GmbH,
Bremerhaven, Germany) according to the manufacturers’ pro-
tocol as we have previously published [17]. Briefly, tissue
sections of 4 mm stained with H&E from each tumor were
prepared, and areas of representative non-necrotic neoplasm
were marked. A minimum of 100 tumor cell nuclei with intact
morphology, as determined by DAPI counterstaining, were
counted in the previously marked neoplastic area. A positive
result was defined as the presence of a visible translocation
(separation of red and green signals > 3 signal diameters) in >
10% of the cells.

Results

Clinical details are summarized in Table 1. The six patients
consisted of four females and two males with an age range
from 20 to 67 years (mean 46 years). All patients presented
with a single localized mass. Four cases occurred in the soft
tissue (posterior arm, left leg, foot, and popliteal fossa), and
two cases in the bone (radius and second metacarpal bone).
Clinically, in all patients, the lesions were initially asymptom-
atic but became painful with activity during a time variable
between 6 months to 2 years.

Imaging was available for four patients (two bone lesions
and two in the soft tissues). Bone tumors were parosteal and
cortical, respectively. Both were lytic, well-limited, and
surrounded by an inflammatory reaction, with an intermediate
signal on T1-weighted images, and high on T2 (Fig. la—c).
One soft tissue lesion, eroded the cortex of the proximal tibia,
was well-circumscribed, with a low signal on T1-weighted
images, with more intense parts due to bleeding, and a high
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Table 1 Clinicopathological features of six cases of extra-axial chordoma
Case Age/sex Primary site Size (cm) Treatment Recurrences Follow-up
1 38M Soft tissue, posterior arm 2.5 Wide excision no NED 60 months
2 20/M Parosteal, 2nd metacarpal bone 0.8 Ray resection of the finger no NED 15 months
3 26/F Distal right radius 0.9 Wide partial resection no NED 74 months
4 67/F Soft tissue knee, popliteal fossa 7 Two marginal resections 2 recurrences NED 43 months
followed by thigh amputation (6 and 9 months after first
resection) and lymph node
metastases (22 months
after first resection)
24/M Subcutaneous nodule, dorsal feet 1.1 Wide excision no NED 22 months
42/M Soft tissue, left leg 8 Wide excision no NED 4 months

and heterogeneous signal on T2-weighted images. The 4th
lesion arose inside the knee joint had a high signal on proton
density. The bone was uninvolved (Figs. 2, 3, and 4).

All patients underwent surgical treatment. Complete resec-
tion was obtained in five cases and marginal excision in one
case. Grossly, soft tissue neoplasms were well-circumscribed,
composed of multilobular white or yellowish nodules, featur-
ing a partially gelatinous cut surface and variable amounts of
hemorrhage. By contrast, bone lesions were lobulated, with a
fleshy cut surface. Tumor ranged in size from 0.8 to 8 cm
(mean 3.4 cm).

Microscopically, at low power, both soft tissue and bone
tumors exhibited a lobular pattern of growth with fibrous
bands of varying thickness separating neoplastic cells. In all
six cases, neoplastic cells featured an epithelioid morphology
and were organized in nests and cords set in an abundant
extracellular myxoid matrix. At high power, neoplastic cells
featured hyperchromatic nuclei and partially vacuolated clear
to eosinophilic cytoplasm, as seen in classic physaliferous
cells. All but one case showed mild cytologic atypia,
displaying low to moderate cellularity. Only a case had focal

Fig. 1 Case 3. (a) On CT, the lesion is cortical, lytic, well-limited, and
surrounded by a thick periosteal reaction. On magnetic resonance, the
lesion has an intermediate signal on the T1-weighted images and high

areas of increased cellularity in absence of severe cytological
atypia and with little intervening myxoid stroma. No tumors
contained foci of chondrogenic differentiation or areas of
dedifferentiation.

Immunohistochemically, all six cases showed strong ex-
pression of EMA, cytokeratin AE1/AE3, S100, and
brachyury. INI1 nuclear expression was retained. Smooth
muscle actin, calponin, p63, and GFAP were all negative. At
FISH analysis, no tumor showed NR4A3, EWSRI, and FUS
gene rearrangements.

At follow-up (mean 36 months; range 4—74 months), all
patients are alive without disease following local surgical
treatment. No patients underwent adjuvant chemotherapy
or radiotherapy after the first surgical resection. One patient
treated with marginal resection underwent thigh amputa-
tion following two local recurrences developed at 6 and
9 months from diagnosis, respectively. The same patient
presented inguinal lymph node metastases 22 months after
the first resection. The other five patients have not devel-
oped local recurrence or distant metastases at most recent
follow-up.

signal on the T2-weighted image. There is intramedullary edema (b:
coronal T1 and ¢: axial T2-weighted images)
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Fig. 2 Case 3. On hematoxylin and eosin staining relative to the surgical
specimen, neoplastic cells that infiltrate the trabecular bone, showing a
lobulated growth pattern, are evident (a hematoxylin and eosin staining,

Discussion

Extra-axial chordomas have never been systematically studied
because of their extreme rarity and the difficulty in separating
them from similar-appearing lesions. In fact, based on micro-
scopic features, their distinction from extraskeletal myxoid
chondrosarcoma and myoepithelial tumor may be really chal-
lenging. Before the introduction of both immunohistochemical
staining for brachyury and molecular analysis, the term
“parachordoma” (the original label “chordoma periphericum”
was coined by Maria Dabska in 1977) [18] became popular to
describe a heterogeneous group of neoplasms that most likely
includes extraskeletal myxoid chondrosarcomas, myoepithelial
neoplasms/mixed tumors, and chordoma occurring in deep soft
tissue in extra-axial sites [19, 20]. Nuclear expression of
brachyury, a member of the T-box proteins that play a key role
in early development of the spine, is currently regarded as sen-
sitive as well as specific marker for notochordal differentiation.
Interestingly, Miettinen et al. reported two out of 32 cases of
myoepithelioma of the soft tissue featuring strong and diffuse
brachyury expression in the majority of neoplastic cells [14]. To
make diagnostic confusion, even greater loss of nuclear expres-
sion of SMARCBI1/INII (that is seen in approximately 20% of

Fig. 3 Case 4. Large cells with clear to eosinophilic cytoplasms set in
extracellular myxoid matrix are present (a hematoxylin and eosin
staining, 100 magnification; b hematoxylin and eosin staining, x400
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x100 magnification; b x200 magnification). ¢ The nuclei of the
vacuolated neoplastic cells show a strong nuclear immunoreactivity for
brachyury (400 magnification)

both extraskeletal myxoid chondrosarcoma and myoepithelial
tumors) has been observed in subset of pediatric axial
chordomas [21, 22]. In consideration of the described
immunomorphologic similarities, the integration of molecular
genetic finding appears mandatory in order to support accurate
diagnoses. Genetically, the vast majority of deep-seated
myoepithelial tumors feature distinct molecular alterations.
The most common genetic aberration is represented by
EWSRI gene rearrangement, present in approximately 50% of
myoepithelial tumors [12]. Recently, a distinctive variant of
cutaneous myoepithelial tumor, designated as syncytial
myoepithelioma, was found to have a higher percentage
(82%) of EWSRI gene rearrangement [23]. It is interesting to
observe as EWSR [-driven myoepithelial tumors most often ex-
hibit a uniform rounded cell morphology associated with cyto-
plasm clearing, therefore overlapping morphologically with
extra-axial chordoma [14]. Recently Huang reported FUS gene
rearrangement in 6 out of 66 EWSR/-negative myoepithelial
tumors, reporting the FUS-rearranged myoepithelial tumors
had wide clinical presentations, morphologic patterns, and con-
sistently lacked ductal differentiation or osteochondroid matrix
formation. Regarding extraskeletal myxoid chondrosarcoma,
immunohistochemical stains (variable immunopositivity for

&y
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magnification). The nuclei of neoplastic cells are positive for brachyury
antibody (x400 magnification)
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Fig. 4 Case 6. The neoplastic cells demonstrate pale eosinophilic to
somewhat foamy cytoplasm with ovoid to round nuclei,
immunohistochemically positive for brachyury (a hematoxylin and

S100 and EMA) are of limited diagnostic help and morphologic
overlap with myoepithelioma almost complete. In this situation,
the demonstration of NR4A3 (nuclear receptor subfamily 4,
group A, member 3) gene rearrangement is mandatory to sup-
port the diagnosis [24]. Our series of extra-axial chordoma ex-
hibited the typical immunohistochemical features of notochord-
al neoplasms which include a strong expression of EMA,
cytokeratin AE1/AE3, S100, and brachyury, associated with
retained expression of SMARCBI/INII protein without rear-
rangement of the EWSRI, NR4A3, or FUS genes. In addition to
myoepithelioma and extraskeletal myxoid chondrosarcoma,
differential diagnosis of extra-axial chordoma includes metasta-
tic axial chordoma that can be excluded only following careful
clinical work-up.

As far as prognosis is concerned, primary extra-axial
chordoma (34 cases including our 6 cases published so far)
tends to exhibit an indolent clinical course. Median follow-up
of the reported cases is 66 months (2 to 212 months) [2—12].
Seven of these 31 patients developed local recurrence after a
mean of 18 months (range, 675 months) and were associated
with lung metastases in two patients. At the last follow-up,
most (n =27) of these 32 patients were alive without evidence
of diseases; three were alive with disease, one died for un-
known disease, and one died of cardiac failure without evi-
dence of neoplastic disease. Despite the limited number of
cases, these data would suggest that extra-axial chordoma ex-
hibits a less aggressive behavior compared with axial skeletal
locations but of course this may be largely dependent upon
more favorable anatomic location [1]. There is no evidence for
a role for either radiation therapy or chemotherapy in the
extra-axial chordoma, and surgical resection with wide mar-
gins is to be recommended.

In conclusion, primary extra-axial chordoma is an extreme-
ly a rare neoplasm with distinct morphological and immuno-
histochemical features that allow distinction from morpholog-
ic mimics such as both extraskeletal myxoid chondrosarcoma
and myoepithelioma. Our data would further confirm the as-
sumption that extra-axial chordoma is characterized by less
aggressive behavior when compared to axial skeletal
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eosin staining, X200 magnification; b hematoxylin and eosin staining,
%400 magnification; ¢ brachyury expression, X400 magnification)

chordoma, making complete surgical resection most often
curative.
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