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Abstract

Distinct lesions are derived from notochordal cells (NCDL), ranging from benign to malignant ones. This study presents
fifty NCDL cases diagnosed in a tertiary hospital of reference from the past 55 years: forty-two conventional chordomas,
including one chondroid chordoma subtype, four benign notochordal cell tumors (BNCT), two conventional chordomas
with BNCT foci, and two dedifferentiated chordomas. All patients were adults. Three BNCT were incidentally diagnosed,
and one case presented local pain. Chordomas began with local pain and/or neurological symptoms. BNCT were well-
defined intraosseous lesions, hypointense on T1-weighted images (WI) and hyperintense on T2-WI, without enhancement
in the contrast. Conventional chordomas, including its chondroid subtype, were lobulated masses with cortical disruption
and soft tissue extension, hypointense on T1-WI and hyperintense on T2-WI, with variable contrast enhancement. BNCT
were histologically composed of solid sheets of vacuolated cells with clear cytoplasm and round and central nuclei. No
atypia, lobular growth pattern, myxoid matrix, or bone infiltration were seen. Conventional chordomas were histologi-
cally composed of physaliphorous cells in a myxoid stroma with lobulated and infiltrating growth patterns. Observational
follow-up using radiological controls was decided on for the BNCT cases. None of these cases presented local recurrence
or metastasis. En-bloc resection and adjuvant radiotherapy were selected for sacral and vertebral chordoma cases. Sixteen
patients died due to tumor-related factors; twenty-eight presented local recurrence, and four developed distant metastases.
New therapeutic options are being studied for chordoma cases. Clinical, radiological, and histopathological data are neces-
sary to properly diagnose and follow up of NCDL.

Keywords Notochordal cell derived lesions - Chordoma - Chondroid chordoma - Dedifferentiated chordoma - Benign
notochordal cell tumor

Introduction

There are different notochordal cell derived lesions (NCDL)
[1]. Benign notochordal cell tumor (BNCT) is a benign
entity [2]. Chordoma is a primary osseous malignant and
locally aggressive tumour [3] that account approximately
1% of all primary malignant bone tumors [4]. A new entity
has been proposed, the atypical notochordal cell tumour
[5], but some authors argue that its diagnostic criteria are
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features, and the management of NCDL of a tertiary referral
hospital.

Materials and methods

All the NCDL cases diagnosed in the Pathology Depart-
ment at La Paz University Hospital in Madrid between
1966 and 2023 were retrospectively reviewed in the present
study. Clinical and radiological information were obtained
from the medical records. All available material from the
pathology files was reviewed, including hematoxylin and
eosin stains, and immunohistochemical studies. Patient
epidemiological characteristics (sex, age), clinical aspects
(pain, relapses, suspected diagnosis), location, radiological
findings (growth, soft tissue invasion), macroscopic appear-
ance, histopathological features, immunohistochemical pro-
file, local recurrence, metastases development and treatment
were analyzed. Ethics committee approval was not required
in this retrospective observational study.

Results

Fifty cases of NCDL were found. The main characteristics
of the cases are summarized in the table (Table 1), includ-
ing forty-two conventional chordomas (one chondroid
chordoma), four BNCT (one of them has been previously
reported [13]), two conventional chordomas with BNCT
foci, and two dedifferentiated chordomas. Representative
cases are shown in the figures (Figs. 1, 2, 3, 4, 5 and 6).
No poorly differentiated chordomas or extraskeletal tumors
(either benign or malignant) were diagnosed. The aver-
age age at the time of diagnosis was 50 years (P25=40,
P75=59). Twenty-eight patients were males and twenty-
two were females. BNCT were diagnosed in adults aged 23,
29, 34 and 50 years. BNCT with chordoma were diagnosed
in adults aged 35 and 77 years. Chondroid chordoma was
diagnosed in a 41-year-old male and dedifferentiated chor-
domas in a 44-year-old female and a 66-year-old male. Fif-
teen chordomas appeared in the sacrum, twelve in the clivus,
seven in the cervical vertebrae, six in the lumbar vertebrae,
and one in a thoracic vertebra. BNCT and chordomas with
BNCT foci cases appeared in the sacrum. The chondroid
chordoma was found in the clival area and the dedifferenti-
ated chordomas in a cervical vertebrae and sacrum.
Clinical presentation was variable in chordoma cases.
Locoregional pain was observed in nineteen cases, paresthe-
sia appeared in five patients, headache in three cases, diplo-
pia in three cases, hearing loss in three patients, micturition
incontinence in two cases, and motor loss in three cases. The
thoracic vertebral chordoma case was incidentally detected
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in a radiological image. One of the BNCT patients expe-
rienced initial sacral pain with normal neurological explo-
ration, and the other three BNCT cases were incidentally
detected in radiological images obtained for other reasons.

Simple radiography of chordoma cases was available in
sixteen cases. Fifteen chordomas revealed lytic lesions, five
of which displayed extension into adjacent soft tissue; and
one case revealed a sclerotic aspect. CT was available in
twenty-two chordoma of our series. A lytic lesion was pres-
ent in twenty-one cases; with extension into adjacent tissues
in all of them. The other case was a sclerotic mass with cor-
tical erosion and soft tissue invasion. MRI was available in
thirty cases. A lobulated heterogeneous mass with soft tissue
invasion was generally observed. They were isointense or
hypointense on T1-weighted images (WI) and hyperintense
on T2-WI and short inversion T1 recovery (STIR) images.
Hypointense areas were seen in some cases. They revealed
homogeneous contrast enhancement with gadolinium. The
two chordomas with BNCT foci cases displayed findings
similar to those of the conventional chordoma cases. CT
and MRI were performed in all BNCT cases. BNCT were
difficult to identify on CT, with only a very subtle sclero-
sis appearing. Well-defined and lobulated masses were
observed in the MRI. They were hypointense or isointense
to muscle on T1-WI and hyperintense on T2-WI and STIR
images. They did not present contrast gadolinium enhance-
ment. Cortical erosion or soft tissue invasion did not appear
in any case. In the chondroid chordoma, a predominantly
hyperintense heterogeneous mass with hypointense areas
on T2-WI was seen. It displayed homogeneous contrast
enhancement with gadolinium. In dedifferentiated chordo-
mas, initial radiological images presented the conventional
chordoma findings, although the posterior dedifferentiated
component revealed a polylobulated, ill-defined solid mass
that was isointense on T1-WI and hyperintense on T2-WI,
with heterogeneous gadolinium enhancement.

The diagnosis was based on a core needle biopsy in thirty-
three cases, including all of the BNCT, and in curettage
tissue fragments of fifteen cases, including the chondroid
chordoma. All of the cases were discussed in the Bone and
Soft Tissue Tumors Committee. An observational follow-up
based on annual MRI radiological controls was established
for the BNCT cases. Surgical management or chordomas
depended on the level affected, tumor characteristics, and
patient comorbidities. In our series, there were a total of
thirty surgically treated patients at the axial level. The inter-
vention type, with either partial or radical resection of the
affected vertebra, is presented in the table. Six chordoma
patients were not candidates for surgery. Intensity-modu-
lated radiation therapy (IMRT) was administered in thirty
chordoma cases and proton therapy was used in three cases.
They were administered after surgery or as single tratment.
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Table 1 Demographic and clinical characteristics, treatment and follow-up of the cases

Case Diagnosis Age,  Tumor location Clinical Treatment Follow-up
sex presentation
1 BNCT 23,F  Sacrum Incidentally Observational follow-up 9 years, NED
detected
2 BNCT 29,F  Sacrum Incidentally Observational follow-up 5 years, NED
detected
3 BNCT 34,M Sacrum Pain, normal Observational follow-up 2 years, NED
neurological
exploration
4 BNCT 50,F  Sacrum Incidentally Observational follow-up 9 years, NED
detected
5 Conventional 35,F  Sacrum Local pain IMRT + S2 partial resec- 4 years, local recurrence, death
chordoma+ BNCT tion level
6 Conventional 77,M  Sacrum INA IMRT 3 years, NED
chordoma+ BNCT
7 Conventional chordoma 38, M Clivus Paresthesia Partial resection 34 years, local recurrence
8 Conventional chordoma 45,F  Clivus Local pain IMRT 7 years, local recurrence
9 Conventional chordoma 55,F  Clivus Headache, hear-  Partial resection INA
ing loss
10 Conventional chordoma 60 F Clivus Paresthesia IMRT + partial resection 13 years, local recurrence, death
11 Conventional chordoma 61,M Clivus Local pain, IMRT INA
diplopia
12 Conventional chordoma 49, F  Clivus Headache IMRT INA
13 Conventional chordoma 38, M Clivus Paresthesia, hear- IMRT + partial resection 14 years, local recurrence death
ing loss
14 Conventional chordoma 62, M Clivus Diplopia Partial resection 15 years, NED
15 Conventional chordoma 72, M  Clivus INA IMRT + partial resection ~ INA
16 Conventional chordoma 48, F  Clivus Local pain, IMRT 17 years, local recurrence, death
headache
17 Conventional chordoma 51, F  Clivus INA Partial resection INA
18 Conventional chordoma 53, F  Clivus Hearing loss IMRT 28 years, local recurrence, lung
metastases, death
19 Conventional chordoma 54, M  Cervical vertebra Local pain Partial resection 22 years, NED
20 Conventional chordoma 43, M Cervical vertebra INA IMRT + Partial resection ~ INA
21 Conventional chordoma 67, F  Cervical vertebra Paresthesia Partial resection 13 years, local recurrence
22 Conventional chordoma 71, F  Cervical vertebra Local pain IMRT + partial resection ~ INA
23 Conventional chordoma 45, M  Cervical vertebra INA Partial resection INA
24 Conventional chordoma 48, F  Cervical vertebra Local pain Partial resection 15 years, lung metastases, death
25 Conventional chordoma 55,M  Cervical vertebra INA IMRT + partial resection ~ INA
26 Conventional chordoma 51, M  Thoracic vertebra Incidentally Radical resection 4 years, NED
detected
27 Conventional chordoma 62, F  Lumbar vertebra INA IMRT INA
28 Conventional chordoma 38, F  Lumbar vertebra Local pain IMRT 10 years, local recurrence, death
29 Conventional chordoma 44, M  Lumbar vertebra Local pain Partial resection 49 years, local recurrence
30 Conventional chordoma 48, F  Lumbar vertebra INA IMRT INA
31 Conventional chordoma 62, F  Lumbar vertebra Local pain IMRT +radical resection 21 years, local recurrence, death
32 Conventional chordoma 58, M Lumbar vertebra INA IMRT 16 years, local recurrence, death
33 Conventional chordoma 54, M  Sacrum Local pain, motor IMRT + S2 partial resec- INA
loss tion level
34 Conventional chordoma 60, F  Sacrum Local pain S3 partial resection level 5 years, NED
35 Conventional chordoma 52, F  Sacrum Motor loss IMRT INA
36 Conventional chordoma 50, F  Sacrum INA IMRT + S2 partial resec- 12 years, NED
tion level
37 Conventional chordoma 36, M  Sacrum Motor loss IMRT INA
38 Conventional chordoma 42,F  Sacrum Local pain Proton therapy +S3 par- 2 years, NED
tial resection level
39 Conventional chordoma 46,F  Sacrum Micturition S2 partial resection level 9 years, local recurrence, death
incontinence
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Table 1 (continued)

Case Diagnosis Age,  Tumor location Clinical Treatment Follow-up
sex presentation
40 Conventional chordoma 48, M  Sacrum INA IMRT + Radical and INA
reconstruction
41 Conventional chordoma 53, F  Sacrum Local pain IMRT 17 years, local recurrence death
42 Conventional chordoma 56,F  Sacrum Local pain Proton therapy +S2 par- 5 years, NED
tial resection level
43 Conventional chordoma 43, M  Sacrum Micturition IMRT +S1 resection and 17 years, liver metastases, death
incontinence reconstruction
44 Conventional chordoma 47,F  Sacrum Paresthesia IMRT INA
45 Conventional chordoma 60, M  Sacrum Local pain Proton therapy 4+ S2 par- 3 years, NED
tial resection level
46 Conventional chordoma 59,F  Sacrum Local pain IMRT + S3 partial resec-  INA
tion level
47 Conventional chordoma 53,M  Sacrum INA IMRT + S2 partial resec- 7 years, local recurrence, death
tion level
48 Chondroid chordoma 41,M Clivus Diplopia Partial resection 14 years, death
49 Dedifferentiated 44, F  Cervical vertebra Local pain IMRT 21 years, local recurrence, death
chordoma
50 Dedifferentiated 66, M Sacrum Local pain IMRT 2 years, local recurrence, liver
chordoma metastases, death

BNTC =benign notochordal cell tumor; M =male; F = female; IMRT = intensity-modulated radiation therapy; INA = information not available;

NED =no evidence of disease

Fig. 1 Conventional sacral chordoma. Coronal non-contrast CT and
B. Sagittal non-contrast CT: extensive lobulated-edged soft tissue
mass centered on the sacrum which erodes and destroys it. C. Poste-
rior VR reconstruction: sacral bone erosion. D. Axial T1: Lobulated
and well-defined mass, isointense to the muscle and areas of increased
signal that may be related to hemorrhage. E. Sagittal STIR sequence:
relatively homogeneous signal. F. Axial STIR sequence: it invades the
pelvic S2 foramen and extends to the articular surface with no appar-
ent invasion of the sacroiliac space. G. Axial diffusion-weighted imag-
ing and H. ADC Map: the tumor shows slight diffusion restriction. 1.
Sagittal gross section: sacrum destroyed and infiltrated by a polylobed
tumor, with pelvic soft tissues invasion. J. Bone infiltrating tumor with
lobulated growth pattern, fibrous septa, and myxoid matrix (H&E,
x100). K. Cords of rounded and eosinophilic cells in a myxoid matrix
(H&E, x400). L. Diffuse nuclear Brachyury positivity (x40)
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Fig. 2 Conventional vertebral chordoma. (A) Sagittal non-contrast
CT: sclerotic involvement of the T4 vertebral body associated with
irregularity and erosion of its posterior cortex. (B) Axial CT and (C)
Sagittal non contrast CT: soft tissue mass that invades the medullary
canal with an opening to the conjunctival foramina. (D) Axial gross
section: heterogeneous lobulated mass with gelatinous matrix and soft
tissue extension. (E) Lobulated growth pattern arranged in nests with
myxoid matrix and separated by fibrous septa (H&E, x100). (F) Cords
of physaliphorous cells (H&E, x200). (G) Diffuse nuclear Brachyury
positivity (x400)

The surgical resected specimens were received and ana-
lyzed in the Pathology Department. Chordomas consisted
mainly of infiltrating polylobed masses with solid, cystic,
gelatinous, and hemorrhagic areas. In general, chordoma
cases consisted of a bone-infiltrating tumor with a lobu-
lated growth pattern separated by fibrous septa. Myxoid
matrix was predominant but fibrous stroma areas were also
seen. Cells were arranged in cords or nests. Polygonal cells
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Fig. 3 BNCT. (A) Coronal T1: S2 central sacral isointense mass
respect to the muscle with well-defined borders and lobulated margins.
(B) Coronal long TR sequence FATSAT: the mass is hyperintense.
(C) Coronal diffusion-weighted imaging and (D) Coronal ADC Map:
the lesion facilitates diffusion. (E) Sagittal T1 after gadolinium: the
lesion does not show enhancement. (F) Axial non-contrast CT: guided
biopsy procedure. (G) Solid sheet of vacuolated cells with clear cyto-
plasm. Adjacent thickened and sclerotic preexisting bone trabecula
(H&E, x100). (H) Cells with clear vacuolated cytoplasm and round
and eccentric nuclei. (I) AE1/AE3 diffuse positivity (x100). (J) Diffuse
positive S-100 (x100). K. EMA patchy positivity (x100). L. Diffuse
nuclear Brachyury positivity (x200)

Fig. 4 BNCT and chordoma. (A) Sagittal non contrast T1: heteroge-
neous lesion, predominantly hypointense with isolated hyperintense
foci, with lobed and well-defined contours centered from S3 to second
coccygeal vertebral. (B) Axial T1: associates soft tissue mass that occu-
pies presacral fat, without invasion of the rectum. (C) Sagittal long TR
sequence: the mass is hyperintense. (D) Axial MRI with gadolinium:
discrete homogeneous enhancement after gadolinium administration.
(E) Sagittal gross section: lobulated tumor with abundant cystic areas
(¥), some with haematic material and others with gelatinous material;
and solid areas (*); which extends to presacral soft tissues. (F) Cys-
tic areas: Solid sheet of physaliphorous cells in a clear stroma (H&E,
x200). (G) Solid areas: Solid sheet of vacuolated cells with clear cyto-
plasm and round and central nuclei adjacent to non-tumoral adipose
tissue (H&E, x40). (H) Diffuse nuclear Brachyury positivity (x200)

e

Fig.5 Chondroid chordoma. (A) Axial T2-WI: hyperintense mass with
some hypointense linear areas in the sphenoid bone base and C1 ante-
rior arch with soft tissue associated component in paravertebral space
and above the upper end of the odontoid process. (B) Axial MRI T1,
post contrast: homogeneous enhancement. Axial diffusion map; and
D. Axial ADC map: the mass show diffusion restriction. E. Lobulated
infiltrating mass with chondroid matrix (H&E, x100). F. Chords of
polygonal cells in a chondroid matrix (H&E, x100). G. Polygonal cells
with eosinophilic cytoplasm (H&E, x200). H. Diffuse nuclear Brachy-
ury positivity (x400)

with vacuolated cytoplasm and prominent central nucleus
without visible nucleolus (physaliphorous cells) or more
rounded and eosinophilic cells were observed. The chon-
droid chordoma showed a lobulated infiltrating mass made
up of polygonal cell chords with eosinophilic cytoplasm in a
hyaline chondroid matrix. The BNCT cases were histologi-
cally similar. They consisted of a solid sheet of vacuolated
cells with clear cytoplasm and round and central nuclei.
No atypia, lobular growth pattern, myxoid matrix, bone
infiltration, nor necrosis was present. Adjacent preexisting
trabeculae were thickened and sclerotic. In cases in which
immunohistochemical stains were performed, both BNCT,
chondroid chordoma, and conventional chordoma samples
presented positive immunostaining for brachyury (Clone
3E4.2, ready to use (RTU), Merk Millipore), cytokera-
tins (Clone AEI/AE3, RTU, Agilent-Dako), S-100 protein
(polyclonal, RTU, Agilent-Dako), and EMA (Clone E29,
RTU, Agilent-Dako). The dedifferentiated tumoral compo-
nent was in two of the cases and was negative for brachy-
ury and cytokeratins. Cell proliferation index (Ki67 [clone
MIB-1, RTU, Agilent-Dako]) was less than 1% in BNCT
cases, approximately 5-10% in conventional chordomas
and <20% in the dedifferentiated ones.

Follow-up information was available in thirty-three
cases. The mean follow-up was 17 years (P25 =4, P75=32).
Twelve conventional chordoma cases, the chondroid chor-
doma subtype case, the dedifferentiated chordomas, and a
conventional chordoma with BNCT foci resulted in death-
related disease. Seventeen cases were alive, including all
the BNCT. Three conventional chordoma cases and one
dedifferentiated chordoma developed distant metastasis to
the liver or lungs. Fifteen conventional chordoma cases
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Fig. 6 Dedifferentiated chordoma. (A) Initial axial T2-WI and (B)
Sagittal T1-WI: an expansive lesion hyperintense in T2 and isointense
with the muscle in T1, located in the right hemibody and vertebral
process of C2, which breaks the cortex and partially enters the spinal
canal obliterating the right lateral subarachnoid space but without spi-
nal cord involvement. It engulfs the vertebral artery without occluding
it. Magnetic susceptibility artefacts produced by osteosynthesis mate-
rial (previous arthrodesis). (C) Actual CT Axial image centered on C3
with intravenous contrast. There is a soft tissue mass in broad contact
with the right hemi-body of C3, with poorly defined borders and a
peripheral predominant enhancement. The vertebral artery is engulfed
in the mass. The tumor produces a mass effect in the larynx and dis-
places anteriorly the carotid artery and the jugular vein. (D) Actual
MRI Axial T1-weighted, (E) Sagittal T2-WI and (F) Axial T1-WI
image with paramagnetic contrast of the cervical spine: large paraver-
tebral mass broadly contacting the body of C3 without infiltrating it,
isointense with the muscle in T1-weighted sequences and markedly
hyperintense in T2. In this sequence the borders are hypointense and
lobulated. Paramagnetic contrast shows heterogeneous and nodular
enhancement in the periphery, suggesting central necrosis. (G) Transi-
tion between physaliphorous cells in a myxoid stroma into a densely
cellular tumor with scanty stroma and physaliphorous cells. (H) Con-
ventional component: Sheet of physaliphorous cells in a myxo-chon-
droid stroma (H&E, x200). (I) Dedifferentiated component: Spindle
and round pleomorphic and atypical cells in a dense eosinophilic
stroma. (J) Diffuse nuclear Brachyury positivity in the conventional
component and negativity in the dedifferentiated component (x400).
K. Diffuse nuclear INII positivity in both components (x400)

and the dedifferentiated chordomas presented local recur-
rence from four months to fifteen years following surgery.
Both distant metastases and local recidive were treated with
IMRT or proton therapy.

Discussion

We described the clinical, radiological, and histological
findings as well as the management of fifty cases of NCDL.
BNCT tend to appear in adults but cases have also been
reported in children [1]. Chordomas appear in all ages but
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are more frequent in patients aged 50 to 70'. All our cases
were diagnosed in adult patients with a mean age of 50 years.
BNCT occur in the skull base, vertebral bodies, and sacro-
coccygeal spine [11]. All our cases of BNCT and chordoma
with BNCT foci arose in the sacrum. Chordomas affect the
axial skeleton, predominantly in the skull base and coccyx
[1]. Our cases were more frequently located in the mobile
vertebrae, followed by the sacrum and skull base. The chon-
droid chordomas arose in the skull base as is most reflected
in medical literature [15]. BNCT are usually found inciden-
tally on imaging, but they may present pain [12]. Two of
our cases were incidentally detected but one patient referral
was due to localized pain. Chordomas present pain and site-
related neurological symptoms [7]. The two patients having
BNCT with chordoma presented also lumbar pain. Most of
our conventional chordoma cases debuted with neurological
symptoms and pain except one case that was incidentally
detected in radiological tests.

BNCT are most hidden in radiography. On CT, they
appear as patchy sclerotic lesions having a trabecular archi-
tecture. They do not destroy cortical bone and do not expand
into adjacent soft tissues. On MRI, they display homoge-
neous low signal intensity on T1-WI and homogeneous high
signal intensity on T2-WI and they do not display contrast
enhancement 8, 13]. In some cases, there may be T1 hyper-
intensity areas corresponding to fatty bone marrow [1]. If
typical imaging findings are identified, some authors sug-
gest that biopsy is unnecessary [11]. The radiological dif-
ferential diagnosis includes sclerotic vertebral lesions, such
as enostosis (bone island), hemangioma, intraosseous hiber-
noma, and metastasis [6]. Chordomas are lobular, septated,
predominantly lytic, and destructive lesions, displaying
prominent osseous expansile remodeling, which break corti-
cal bone and invade adjacent soft tissues on CT [1]. In some
sacral cases, sclerotic areas may be seen and they correspond
to small punctate areas of amorphous calcification [14]. In
vertebral chordomas, areas of bone sclerosis are more fre-
quently detected than in the sacral region [14]. MRI reveals
heterogeneously low signal intensity on T1-weighted imag-
ing, heterogeneously high signal intensity on T2-weighted
imaging, and variable contrast enhancement, usually mild
to moderate, or marked less frequently [7, 14]. Radiological
MRI chordoma findings reflect the high-water content in the
myxoid matrix of these tumors. Hypointense areas may be
seen in some cases, due to native entrapped bone trabecu-
lae. Differential radiological diagnoses of clival chordomas
are craniopharyngioma, giant pituitary macroadenoma, or
metastasis [6, 14]. In sacral cases, it may be confused with
plasmacytoma, lymphoma, chondrosarcoma, meningioma,
or metastasis [6, 14]. In our two cases of chordoma with
BNCT foci, the BNCT component was not radiologically
detected. The most significant discriminators favoring the
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diagnosis of BNCT in contradistinction to chordoma are
sclerosis with maintenance of the trabecular architecture, no
component of osseous or cortical bone destruction, absence
of an associated extraosseous component, and the lack of
contrast enhancement on MRI. Atypical imaging features of
BNCT defined by Carter et al. [5] include evidence of signif-
icant contrast enhancement, minimal interval growth, bone
lysis foci, and minimal soft tissue components. These cases
require careful clinical and imaging follow-up. Chondroid
chordomas are hypointense on T1-WI and hyperintense on
T2-WI sequences, with variable post-contrast enhancement
[15]. Dedifferentiated chordomas are isointense on T1-WI
and hyperintense on ill-defined solid T2-WI masses [6].

BNCT are unique lesions but may be multiple [16].
Chordomas are also solitary lesions [1]. The BNCT patho-
genesis is unknown [1]. Chordomas arising from BNCT has
been described [6, 7, 16]. In our two cases of conventional
chordoma with BNCT foci, no previous BNCT diagnosis
was registered locally. The possibility of chordomas being
derived from BNCT cannot be ruled out, or that of synchro-
nous tumor presentation. BNCT are small (<3.5 cm), well
defined, lack lobular growth pattern and myxoid matrix.
Are formed of solid sheets of vacuolated cells with clear
cytoplasm and round and eccentric nuclei adjacent to nor-
mal bone marrow areas [8]. Chordomas are larger and more
lobular tumors (>5 cm) extending to adjacent structures.
They are made up of physaliphorous cells arranged in cords
and nests in an abundant extracellular myxoid matrix with
variable degrees of atypia, pleomorphism, and mitosis [8].
Differential diagnosis must be carried out with chondrosar-
coma, chordoid meningioma, metastatic carcinoma, and
myoepithelial bone tumor [6]. The chondroid chordoma
contains large areas of a matrix that is suggestive of that
of cartilaginous tumors [17]. Dedifferentiated chordoma
presents well demarcated high-grade areas and conven-
tional areas; or a dedifferentiation in a site where previous
conventional chordoma was present [4]. The expression of
brachyury transcription factor is the hallmark of chordoma
and it also appears in BNCT [18, 19]. BNCT and chordo-
mas express brachyury, cytokeratin, vimentin, EMA, and
variably S-100'. Brachyury may appear in other neoplasms
such as non-small cell lung carcinomas [20]. Dedifferenti-
ated chordoma may lose brachyury expression [1].

BNCT prognosis is excellent and it does not require
surgical treatment [1]. BNCT cases in our series did not
present local recurrence nor metastasis despite the obser-
vational follow-up. Malignant transformation to chordoma
is rare [1, 7, 16]. The overall median survival time with
chordomas is 7 years [1]. Surgery has been an effective
and reliable treatment method for patients with spinal chor-
doma [3]. In lesions below S3, a partial posterior sacrec-
tomy is performed. At the level proximal to S3, resection

is performed either posteriorly or by double anterior and
posterior approach [21]. Preservation of S1 whenever pos-
sible reduces morbidity and mortality. In the case of S1 or
lumbosacral junction involvement, a complete sacrectomy
is required, which is a highly demanding and morbid tech-
nique [21]. In cases where the sacrectomy affects S1 or over
half of the S1 body, reconstruction of the lumbopelvic defect
is performed [22]. In our cases, surgery had the objective of
en-bloc resection with free margins. This was not always
possible at the upper cervical level or in large tumors of the
lumbosacral spine.

Chordomas are locally aggressive lesions having a pro-
pensity for metastasis late in their clinical course, and the
most frequent metastatic sites are lung, bone, lymph nodes,
and subcutaneous tissue [1]. Multimodal therapy target-
ing more than one pathway and concurrent use of adjuvant
radiotherapy may be more effective than singular pathway
targeting [23]. Except for dedifferentiated and poorly dif-
ferentiated chordomas, most chordomas do not respond to
conventional systemic chemotherapy [14]. Recent studies
using proton beam therapy or charged particle radiotherapy
have revealed higher rates of localized control with safe
outcomes [24]. In our patients, complementary therapies to
surgery have helped to reduce the presence of local recur-
rences, but despite this, up to 56% of them have developed
local recurrences. The brachyury vaccine is a promising
therapeutic strategy but more trials are needed to evaluate
its safety and efficacy [25]. Cryoablation has been proposed
for use in recurrent sacrococcygeal tumors [26]. There was
no significant difference in the overall survival rate between
chordomas located in the sacrum and in the vertebral col-
umn in our patients, similar to previous literature [3].

Elderly spinal chordoma patients (over 60 aged), larger
tumor size, the performing of non-surgical therapy, and
distant metastasis were all associated with poorer overall
survival [3, 27]. A prognostic nomogram has recently been
proposed to predict cancer-specific survival in patients with
spinal chordoma [28]. Our series shows that chordomas are
relatively radiologically and histopathologically homoge-
neous tumors, but with a highly heterogeneous response to
current treatment (surgery with or without complementary
therapies). Chordomas are tumors that originate in anatomi-
cal areas that demand complex surgical procedures and new
complementary therapeutic methods must be keeping stud-
ied to reduce the high rate of local recurrence.

Some of the strengths of our study include a very large
cohort and extensive data collection. One of the main study
biases relates to its observational nature, with the result-
ing limitations. Some data were unavailable in medical
reports. Another relevant limitation of our work relates to
the fact that medical care of these tumors has improved
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considerably over years and the present work includes cases
dated 50 years ago.

Conclusion

Correct differential diagnosis is necessary for lesions
derived from notochordal cells due to therapeutic and
prognostic implications. Clinical, radiological, and histo-
pathological data must be considered to ensure a proper
diagnosis. A desirable en-bloc resection with free margins,
adjuvant therapy mainly based on radiotherapy, and careful
follow-up with radiological images should be performed in
chordoma cases. New therapeutic options are being devel-
oped to improve the quality of life and survival rates of
these patients.
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