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Abstract
Benign notochordal cell tumor (BNCT) and chordoma are neoplasms of notochordal differentiation. BNCT represents 
notochordal rests, commonly an incidental lesion present in the spine in 19% of cadaveric specimens. BNCTs are often 
radiographically occult. CT of BNCT frequently reveals patchy sclerosis between areas of maintained underlying trabeculae. 
BNCT demonstrates marrow replacement on T1-weighted MR images with high signal intensity on T2-weighting. BNCTs 
are frequently smaller than 35 mm and lack significant enhancement, bone destruction, cortical permeation, or soft tissue 
components. Biopsy or surgical resection of BNCT is usually not warranted, although imaging surveillance may be indicated. 
Chordoma is a rare low-grade locally aggressive malignancy representing 1–4% of primary malignant bone tumors. Chor-
doma is most frequent between the ages of 50–60 years with a male predilection. Clinical symptoms, while nonspecific and 
location dependent, include back pain, numbness, myelopathy, and bowel/bladder incontinence. Unfortunately, lesions are 
often large at presentation owing to diagnosis delay. Imaging of chordoma shows variable mixtures of bone destruction and 
sclerosis, calcification (50–70% at CT) and large soft tissue components. MR imaging of chordoma reveals multilobulated 
areas of marrow replacement on T1-weighting and high signal intensity on T2-weighting reflecting the myxoid component 
within the lesion and areas of hemorrhage seen histologically. Treatment of chordoma is primarily surgical with prognosis 
related to resection extent. Unfortunately, complete resection is often not possible (21–75%) resulting in high local recurrence 
incidence (19–75%) and a 5-year survival rate of 45–86%. This article reviews and illustrates the clinical characteristics, 
pathologic features, imaging appearance spectrum, treatment, and prognosis of BNCT and spinal chordoma.
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Introduction

The fifth edition WHO Classification of Tumours: Soft 
Tissue and Bone Tumours, published in 2020, includes 
four neoplasms of notochordal differentiation, three malig-
nant [conventional chordoma (CC), dedifferentiated chor-
doma (DC) and poorly differentiated chordoma (PDC)], 
and one benign [benign notochordal cell tumor (BNCT)] 
[1]. BNCT and CC are the more common and established 
tumors of notochordal differentiation with DC and PDC 
being newly designated in the WHO classification of bone 
tumors in 2020 as compared to the previous 2013 edition 
[1]. CC is a malignancy with a phenotype that recapitu-
lates notochord and primarily affects the axial skeleton [1]. 
CC was initially thought to be of cartilaginous origin and 
named “ecchordosis physaliphora” by Virchow in 1857 
[2]. This lesion was renamed “chordoma” by Steiner and 
Ribbert in 1894 [3]. DC represents a biphasic lesion with 
high grade sarcoma arising in an otherwise CC [1]. PDC is 
the most recently described of these lesions and is poorly 
differentiated but maintains notochord differentiation [1]. 
In contrast to CC, BNCT is a more recently described 
entity, proposed by Dr. Joseph Mirra at the 1996 Inter-
national Skeletal Society meeting and published in 2001 
and represents a nonaggressive lesion of the axial skeleton 
and has also been referred to as benign chordoma, benign 
notochordal cell lesion, giant notochordal rest, giant noto-
chordal hamartoma, and ecchordosis physaliphora verte-
bralis [4, 5].

Lesion location and the intrinsic radiologic appearance 
are often highly suggestive of either BNCT or chordoma, 
allowing distinction from other potential diagnoses. This 
article reviews and illustrates the clinical characteristics, 
pathologic features, imaging appearance spectrum, treat-
ment, and prognosis of BNCT and spinal chordoma.

Notochordal hypotheses of origin

The notochordal hypothesis of origin of chordoma and 
BNCT was initially supported by the animal experiments 
and human autopsies of Müller [6]. The embryonal noto-
chord is composed of mesodermal cells and provides a 
semirigid scaffold for the developing vertebral column. 
As the surrounding sclerotomes form vertebral bodies, the 
notochordal cells involute except residua in the interverte-
bral disc nucleus pulposus. The incidence of notochordal 
remnants in humans was reported at 2% by the Steiner 
and Ribbert 1894 autopsy series [3]. These notochordal 
remnants are dormant with only a rare incidence of chor-
doma. This relationship between notochordal remnants and 

chordoma as well as BNCT origin is further established by 
their identical overlap of anatomic distribution. Interest-
ingly, chordoma and BNCT do not originate from the disc 
space but arise from ectopic rests of notochordal cells in 
the vertebral body [1–6].

Clinical characteristics of BNCT and spinal 
chordoma

The overall incidence of BNCT in the series of 100 autopsy 
specimens by Yamaguchi and colleagues was 19% of cadav-
eric spine specimens [7]. BNCT was present in 11.5% of the 
clivi, 5% of cervical spines, 0% of thoracic spines, 2% of 
lumbar spines, and 12% of sacrococcygeal spines at autopsy 
evaluation (Fig. 1) [7]. Similar notochordal rests located 
intradurally in the dorsal clival region, referred to as ecchor-
dosis physaliphora spheno-occipitalis, occur in 0.6–2% of 
autopsy specimens and 1.7% of MR brain examinations [8]. 
In contradistinction from CC, BNCTs are typically inciden-
tal lesions in patients with other causes of back pain detected 
on CT or more frequently MR [1, 4, 5, 7, 9–11].

CC is a rare primary osseous neoplasm representing only 
1–4% of all primary malignant bone tumors [1, 10, 11]. The 
age adjusted incidence of CC is 8.4 per 10 million popu-
lation from Surveillance, Epidemiology, and End Results 
(SEER) data from 1973 to 2009 in the United States (US) 
[10]. This represents approximately 300 cases annually in 
the US and 450 in Europe [10, 11]. The vast majority of 
CCs are sporadic lesions. Familial CCs are rarely reported 
with an autosomal dominant inheritance pattern and asso-
ciated with hereditary duplication of the brachyury gene 
(transcription factor T gene on chromosome 6 q27), a major 
regulator of notochord formation [12]. Younger patients with 
the tuberous sclerosis complex (TSC) can also be affected 
suggesting that inactivation of the TSC1/TSC2 genes may 
contribute to pathogenesis of notochordal tumors [13].

CC is historically reported to most commonly affect the 
sacrococcygeal spine (Figs. 2 and 3) followed by the sphe-
nooccipital area and mobile spine segments (C1 to L5) [1, 
14, 15]. In a retrospective analysis of 325 CC patients at 
Mayo Clinic, approximately 50% were sacrococcygeal in 
location with 33% in the sphenooccipital (clival) region 
and 17% in the mobile spine [15]. Most scientific studies 
have confirmed this predilection for the craniocaudal ends 
of the axial skeleton, particularly the sacrococcygeal region 
[16–18]. However, a more recent study from American 
registries (SEER program of the National Cancer Institute) 
found a near equal distribution among cranial (32%), spinal 
(33%), and sacrococcygeal (29%) locations [10].

Primary neoplasms of the spine are rare. In a review of 
2750 primary bone tumors collected over 42 years, only 126 
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cases (4.6% of lesions) were spinal in location, including 29 
CCs (1.1% of lesions) (of which 23 were sacral) [17]. Sac-
rococcygeal CCs demonstrate a predilection for the lower 
sacral segments, particularly the S4-5 segments [1, 16, 18]. 
CCs of the mobile spine most frequently affect the cervical 
spine (48% of cases) with a predilection for C2 [18, 19].

CCs affect a wide age range of patients but are most 
common between 50 and 60 years [1, 10, 16]. The median 
age at diagnosis is 60 years [1, 10, 16]. A twofold male 
predilection is reported, and Caucasians are more fre-
quently affected [1, 10, 16]. Spinal CC is typically a slow 
growing tumor with clinical symptoms often insidious, 
nonspecific, and location dependent resulting in delayed 

diagnosis with large lesion size at initial presentation, 
particularly with sacrococcygeal lesions. Common ini-
tial clinical symptoms in sacrococcygeal lesions include 
back pain, constipation, numbness, gradual onset of neu-
ropathy, and motor weakness. More ominous clinical 
manifestations related to mass effect such as bowel and/
or bladder incontinence, myelopathy, cranial neuropathy, 
and marked motor weakness are often delayed in sacro-
coccygeal lesions or associated with mobile spine CCs.

DC is the rarest tumor of notochordal differentiation and 
can arise de novo or with recurrence of CC [1, 20–22]. DC 
shows a similar age and location distribution compared to 
CC with sacrococcygeal region most frequently affected [1, 

Fig. 1  Benign notochordal cell tumor (BNCT) incidentally discov-
ered in the imaging work-up of low back pain in a 45-year-old man. 
a Lateral radiograph shows mild patchy subtle sclerosis in the pos-
terior L-5 vertebral body (arrows). Bone scan (not shown) was 
normal. b Sagittal CT reveals patchy posterior vertebral body scle-
roses (black star) but without endplate or posterior vertebral cortex 
deformity or destruction. c Sagittal MR images with T1-weighting 
(left image in c 500/15; repetition time, millisecond/echo time, mil-
lisecond), T1-weighting postcontrast (middle image in c 600/20) and 
T2-weighting (right image in c 3000/100) with fat saturation demon-
strate marrow replacement at L5 (white star) with high signal inten-
sity on T2-weighting (black star) but without contrast enhancement, 

endplate or cortical destruction, or soft tissue extension. Small areas 
of higher signal intensity (arrowheads) likely represent regions of 
maintained yellow marrow typical of BNCT. d Photograph of sagittal 
sectioned whole mount specimen from a different patient with BNCT 
of the sacrum reveals permeation of the bone marrow by BNCT 
(black stars) between preexisting trabecula (arrowheads) without 
their destruction or evidence of lobular growth pattern. Focal thick-
ened trabeculae correspond to areas of sclerosis CT and radiographs 
(solid arrows). Cortex is intact and not involved (open arrows) with-
out destruction or lesion extension into the soft tissue. Normal yellow 
marrow containing fat is also apparent (F) beyond the lesion
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20–22]. Clinical symptoms are also similar to CC, although 
duration may be shorter and progression more rapid [1, 
20–22]. In contradistinction to CC, PDC most commonly 
affects the clivus or cervical spine and only rarely involves 
the sacrococcygeal region [1, 22–24]. Patients with PDC 
are younger than CC with an age range of 1–29 years and 
a median of 11 years, and there is a female predilection 
of 2:1 [1, 22–24]. Clinical symptoms are nonspecific with 
PDC and similar to CC of the mobile spine.

Pathology of BNCT and chordoma

BNCTs are intraosseous lesions composed of sheets 
or nests of clear cells and a second population of mul-
tivacuolated eosinophilic cells (Fig. 4) [1, 4, 5, 9, 25]. 
The clear cell vacuoles push the nucleus to the side cre-
ating an adipocyte-like appearance [1, 4, 5, 9, 25]. The 
characteristic physaliphorous cells with multiple, clear 
cytoplasmic vacuoles that indent or entrap the nucleus 

Fig. 2  Sacral chordoma in a 
57-year-old man with rectal 
pain. a Frontal radiograph of the 
pelvis shows a destructive lesion 
(black stars) with foci of calci-
fication and sclerosis (curved 
arrows) in the sacrum. b Axial 
CT reveals the large mass 
replacing the sacrococcygeal 
spine in the midline with exten-
sion into the soft tissues both 
anteriorly and posteriorly (black 
stars). Areas of low attention 
(black stars) and sclerosis and 
calcification (arrows) are also 
apparent. c Sagittal MR images 
with T1-weighting (left image 
in c 550/15) and T1-weighting 
postcontrast (middle image in c 
500/15) and T2-weighting (right 
image in c 4000/100) demon-
strate the large mass replacing 
the sacrum (open arrows). The 
mass is multilobulated with 
areas of hemorrhage [higher 
signal intensity on T1 and lack-
ing enhancement (c, -left and 
middle images, black stars)] and 
fluid level posteriorly (c, arrow-
heads). Mild diffuse enhance-
ment is noted on postcontrast 
MR in nonhemorrhagic regions 
with high signal intensity on T2 
(c-right image, black stars). d, e 
Photograph of sagittal sectioned 
gross specimen (d) and whole-
mount specimen (e, hema-
toxylin and eosin stain) shows 
the multilobulated mass with 
replacement of the sacrum and 
associated anterior and posterior 
soft tissue components (arrows) 
and intact upper sacral segment 
(S). Foci of hemorrhage (H) and 
high-water content nonhemor-
rhagic myxoid regions rich in 
mucopolysaccharides in the 
physaliphorous areas (P) are 
seen identically correlating to 
imaging features
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are admixed in these lesions (Fig. 4). In contradistinction 
to CC, BNCT permeates between the existing trabecu-
lar architecture (which may be thickened owing to reac-
tive appositional bone formation) without causing bone 
resorption/destruction, are well defined with demarcation 
from surrounding tissue and lack cortical permeation or 
associated soft tissue mass (Figs. 1 and 4). In addition, 
BNCT lacks necrosis, myxoid matrix, cording, mitotic 
activity, syncytia, or fibrous septa (Fig. 4) [1, 4, 5, 9, 25]. 
At autopsy, the average size of BNCT is small (approxi-
mately 2 by 4 mm), although rarely lesions may involve 
the entire vertebral body [25]. The term atypical noto-
chordal cell tumor (ANCT) has recently been suggested 
for lesions that show histologic features of BNCT (other 
than focal myxoid changes) but may reveal minute areas 

of soft tissue extension [26]. The ANCTs described by 
Carter and colleagues revealed only minimal to no pro-
gression over 3–10-year follow-up [26].

On gross examination, CCs are large gelatinous, multi-
lobulated, and semitranslucent-to-gray intraosseous tumors 
and invariably extend into adjacent soft tissues (Figs. 2 and 
3) [1, 14, 16]. The associated soft tissue mass typically com-
presses adjacent tissue, resulting in a pseudoencapsulation 
[1, 14, 16]. CCs are composed of strands, cords, or syncytia 
of tumor cells in pale blue pools of myxoid stroma sepa-
rated by fibrous septa and the characteristic physaliphorous 
cells (Fig. 4) [1, 14, 16]. The nuclei vary from bland to ana-
plastic. Mitotic activity is low or not present [1, 14, 16]. 
Necrosis and hemorrhage (Figs. 2 and 3) are frequent and 
may be extensive. Lesions may mimic hyaline cartilaginous 

Fig. 3  Chordoma involving the 
lower sacrum and coccyx in a 
60-year-old man with perirectal 
pain and discomfort. a Sagittal 
CT reveals extensive lower 
sacral and coccygeal destruction 
with large associated anterior 
and posterior soft tissue com-
ponents with low attenuation 
(black stars) and small areas of 
calcification (arrowheads). b 
Sagittal T1-weighted (b 400/15) 
and sagittal T2-weighted (c 
3000/100) MR images demon-
strate the large sacrococcygeal 
mass with anterior and posterior 
soft tissue components (arrows). 
There is low to intermediate 
signal intensity on T1-weighting 
(b) and multilobulated high sig-
nal intensity on T2-weighting) 
(c, black stars). Small subtle 
areas of high signal intensity 
on T1-weighting (b, arrow-
heads) represent hemorrhage. 
The lesion is centered in the 
midline. Noninvolved upper 
sacral segments (S) are noted. 
d Photograph of sagittally 
sectioned gross specimen shows 
identical characteristics as 
seen on imaging with the large 
destructive lesion involving 
the lower sacrum and coccyx, 
large multilobulated associated 
soft tissue mass (arrows) and 
sparing of the upper sacrum (S). 
Areas of hemorrhage (H) and 
high water content nonhemor-
rhagic myxoid regions (P) are 
also seen
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neoplasms. The immunohistochemical profile of BNCT and 
CC is similar and express S-100, EMA, cytokeratins AE1/
AE3/CAM5.2, and brachyury [1, 9, 12, 14, 16, 26]. Brachy-
ury is a more recently described regulator of notochordal 
development that has also proven useful in differentiating 
chordoma from other histologic mimics including a carti-
laginous neoplasm (Fig. 4) [1, 12, 26]. Cytogenetic abnor-
malities in CC include monosomy of chromosome 1 and 
gain at chromosome 7 [1, 26–29]. Additionally, homozygous 
or heterozygous loss of CDKN2A and CDKN2B has been 
reported in up to 70% of chordomas [1, 26–29].

The relationship between BNCT and CC is controversial. 
BNCT and CC can coexist. In a series of 46 chordomas, 
Shen and colleagues identified 7% of CC with coexistent 
BNCT components and in 13% areas of BNCT that were 
spatially separate from sacrococcygeal CC [30]. Yamagucchi 
and coworkers have also suggested malignant transformation 
of BNCT [31]. We would agree with Carter and colleagues 
that “currently there is no direct proof of a causal relation-
ship between BNCT and CC” [26].

Two recently described variants of chordoma are DC 
and PDC. DC represents a biphasic lesion showing areas 
of CC and a high-grade component typically composed 
of undifferentiated pleomorphic spindle cell tumor, oste-
osarcoma, fibrosarcoma, or rarely rhabdomyosarcoma 
[1, 20–22]. PDC is composed of epithelioid cells often 
in a cohesive and sheet-like pattern and lacks the typical 

features of CC such as extracellular matrix and character-
istic physaliphorous cells [1, 22–24]. Immunohistochem-
istry markers similar to CC include cytokeratin and most 
importantly brachyury positivity but lack S100 and show 
loss of SMARCB1 (INI1) [1, 22–24].

Imaging of spinal BNCT

BNCTs are most commonly occult at radiography, particu-
larly in the typical small lesion (Fig. 1). Larger BNCTs may 
reveal mild subtle areas of sclerosis (Fig. 1). Lesions are 
frequently midline. Similarly, bone scintigraphy and PET 
imaging are commonly normal in BNCT without significant 
areas of radionuclide uptake [1, 4, 5, 31, 32]. Mildly reduced 
radionuclide uptake is also described [1, 4, 5, 31, 32].

BNCTs reveal patchy areas of sclerosis at CT, without 
regions of associated osteolysis (Fig. 1). Lesions are typi-
cally less than 35 mm in size and only rarely involve larger 
areas of the vertebral body [1, 4, 5, 7, 25, 33–37]. This scle-
rosis often is seen between a focally maintained trabecular 
architecture, particularly at the lesion periphery, correlating 
with the infiltration but lack of trabecular destruction seen 
histologically (Fig. 1). 

On MR, BNCT demonstrates low to intermediate signal 
intensity on T1-weighted images and high signal intensity 
with mild heterogeneity on T2-weighting (Fig. 1). These 

Fig. 4  Histology of both benign 
notochordal cell tumor (BNCT) 
and chordoma. a High powered 
photomicrograph of BNCT 
(original magnification, × 10, 
hematoxylin–eosin stain) 
showing notochordal tissue 
(black stars) infiltrating and 
permeating, but not destroying, 
between preexisting trabecular 
bone (arrowheads) with areas 
of normal hematopoietic tissue 
(M). b, c High power photomi-
crographs (original magnifica-
tion, × 40, hematoxylin–eosin 
stain) reveal typical features 
of chordoma with epithelioid 
cells arranged in anastomosing 
cords and nests (b, open ovals) 
replacing normal marrow with 
myxoid background (M) and 
more vacuolated physaliphorous 
cells (c, arrows). Brachyury 
immunohistochemistry stain 
(not shown) revealed strong 
nuclear staining in these cells



355Skeletal Radiology (2023) 52:349–363 

1 3

intrinsic features, similar to CC, reflect the myxoid com-
ponent (high-water content) histologically [1, 4, 5, 7, 25, 
33–37]. Similar to CT, the presence of minute foci of high 
signal intensity representing maintained normal yellow mar-
row on T1-weighted MR images has been described and also 
corresponds to the infiltration of notochordal tissue between 
trabeculae seen histologically (Fig. 1c) [1, 7, 25]. Follow-
ing administration of intravenous contrast, most reports 
demonstrate no or minimal contrast enhancement (Fig. 1c) 
in BNCT at CT or MR imaging [1, 7, 25, 33–37]. No evi-
dence of cortical destruction, penetration, or associated soft 
tissue mass is seen in BNCT at CT or MR (Fig. 1).

Imaging of spinal chordoma

The radiographic appearance of sacrococcygeal CC is typi-
cally of a large mixed lytic and sclerotic lesion with promi-
nent osseous expansile remodeling and associated presacral 
soft tissue mass (Figs. 2 and 3) [1, 18, 31, 38]. The regions 
of sclerosis correspond to small punctate areas of amorphous 
calcification, seen in 50–70% of cases radiographically 
(Fig. 2) [1, 18, 31, 38].

CC of the mobile spine is invariably centered in the 
vertebral body (Fig.  5). These lesions less commonly 
demonstrate punctate areas of calcification compared to 
sacrococcygeal lesions, seen in only approximately 30% 
of cases radiographically (Fig. 5) [1, 18, 31, 38]. However, 
areas of vertebral sclerosis are frequent (43–62% of cases) 
unlike sacrococcygeal lesions [1, 18, 31, 38]. Vertebral 
body sclerosis is infrequently the dominant feature on 
radiographs leading to an “ivory vertebral body” appear-
ance (Fig. 5). Bone destruction is more commonly the pre-
dominant feature radiographically and may be associated 
with pathologic fractures. CC of the mobile spine may also 
involve the adjacent vertebral bodies in 11–14% of cases 
[18, 31, 38–43]. Small CC may be occult radiographically, 
particularly in the anatomically complex sacrococcygeal 
and mobile spine regions in approximately 5–10% of cases 
[42, 43].

There are only limited nuclear medicine studies of 
chordomas reported in the literature. Bone scintigraphy 
typically reveals increased heterogeneous uptake of radio-
nuclide of varying degree from mild to marked in greater 
than 90% of cases [32, 41–47]. Photopenia can also occur, 
although unusual in our experience, and is more likely in 
small lesions. Gallium scans and 68 GA-DOTA-TATE also 
reveal increased radiotracer uptake in spinal chordoma 
[44]. 18-fluorodeoxyglucose positron emission tomography 
(FDG-PET) also shows moderate heterogeneous increased 
radionuclide activity and high standardized update values 
(SUV, average maximum of 5.8) in spinal chordomas [32, 
44, 47]. FDG-PET including C-methionine-PET may be 

useful for therapeutic monitoring in chordoma, as with 
other nonmusculoskeletal malignancies [45].

CT of sacrococcygeal CC typically reveals a predominantly 
lytic lesion (Figs. 2 and 3). Associated soft tissue masses, 
more prominent anteriorly, are invariably present (Figs. 2 and 
3). Lesion margins are often lobular reflecting the pathologic 
growth pattern and are commonly well-defined owing to pseu-
docapsule formation (Figs. 2 and 3). Multiple punctate areas 
of calcification are frequently seen in 60–90% of cases, more 
often located centrally (Figs. 2 and 3) [39–42, 46, 47]. Areas 
without calcification are usually lower attenuation compared 
to skeletal muscle reflecting the myxoid component of these 
lesions (Figs. 2 and 3) [39–42, 46, 47]. Postcontrast CT com-
monly shows a mild and diffuse or peripheral/septal degree 
and pattern of enhancement [39–42]. Mobile spine CC dem-
onstrates similar CT features with additional vertebral body 
sclerosis (Fig. 5). Anterior paraspinal components are typi-
cally larger than anterior epidural extensions.

MR of sacrococcygeal CC frequently reveals a large 
area of marrow replacement with an associated soft tis-
sue mass (Figs. 2 and 3) [43, 46, 47]. The associated soft 
tissue mass is larger in the presacral region (Figs. 2 and 
3) and was present in 100% of the 30 cases described by 
Sung and coworkers [46]. Presacral soft tissue components 
alone are present in 23% of cases [46]. However, posterior 
soft tissue components (77% of cases) are also frequent 
[46]. Lesion margin may be well-defined (70–100%) or 
ill-defined (0–30%) and a lobular growth pattern (70%) is 
frequent with associated septations (100%) [43, 46]. The 
signal intensity on T1-weighted and T2-weighted MR is 
predominantly low to intermediate (83–100%) and high sig-
nal (92–100%), respectively, reflecting these lesions high 
myxoid content (Figs. 2 and 3) [43, 46, 47]. Areas of high 
signal intensity on both T1-weighted and T2-weighted MR, 
representing hemorrhage (Figs. 2 and 3), are common and 
seen in 66–77% of cases [43, 46, 47]. Low signal intensity 
foci on all MR pulse sequences are also common, likely rep-
resenting calcification and hemosiderin. This combination 
of components causes heterogeneity on all MR sequences. 
While joint involvement by neoplasm is unusual in most 
locations, 23% of cases of sacrococcygeal CC revealed SI 
joint transgression in one study [46]. In our experience, this 
is more frequent in upper sacral CC with extension into the 
ligamentous portion of the SI joint which lacks protective 
cartilage [48, 49].

The MR enhancement pattern of sacrococcygeal chor-
doma following intravenous contrast administration is vari-
able in degree and pattern (Fig. 2). The degree of enhance-
ment is typically mild to moderate (65–80%) with marked 
enhancement seen in only 20–35% of cases [39, 41, 43, 46, 
47]. The most common patterns of enhancement may be 
heterogeneous (95%) and diffuse or peripheral/septal with 
areas of nodularity [43, 46, 47].
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Mobile spine CC has similar intrinsic MR features 
described for sacrococcygeal lesions (Fig. 5). The mar-
row replacement on T1-weighting may create a “pseudo-
brain” MR imaging appearance which has been described 
as pathognomonic for plasmacytoma [50]. The anterior 
paraspinal and anterior epidural soft tissue components are 
optimal evaluated by sagittal MR (Fig. 5).

Multilevel involvement by CC of the mobile spinal 
segments may simulate infectious spondylodiscitis. 

However, in our experience, these lesions more com-
monly extend around the disc to affect adjacent spinal 
segments, sparing the disc space, as opposed to trans-
discal extension. This disc space sparing is optimally 
depicted on cross-sectional imaging, particularly MR 
(Fig. 5). These imaging features of a large associated soft 
tissue mass, disc space sparing, and lack of prominent 
surrounding soft tissue edema allow accurate distinction 
from infectious spondylodiscitis.

Fig. 5  Spinal chordoma of the thoracic region in a 65-year-old man 
with pain and radicular symptoms. a Sagittal CT image shows a mul-
tilevel vertebral lesion centered at T7 with a large associated ante-
rior soft tissue mass (solid arrows) which has decreased attenuation 
reflecting high water content and small focus of calcification (a-open 
arrow). There is more diffuse sclerosis of T7 (arrowhead) creating an 
“ivory” vertebral body. b, c Sagittal MR images with T1-weighting 
(b 500/15) and T2-weighting (c 4000/120) reveal multilevel vertebral 
body involvement (black and white stars) with large associated ante-
rior tissue mass (arrows). The anterior soft tissue mass shows inter-
mediate signal intensity on T1-weighting (b, arrows) and high signal 

intensity on T2-weighting (c, arrows). The lesion extends around 
the maintained disc spaces to involve multiple spinal levels (black and 
white stars) as opposed to extending through the disc spaces. d Pho-
tograph of sagittal sectioned gross specimen demonstrates the multi-
level spine involvement (white stars) with more diffuse infiltration of 
T7 including posterior sclerosis (S) and large associated soft tissue 
mass (arrows). The involvement of additional levels is seen extend-
ing around but not through the disc spaces (DS) with invasion of the 
vertebral bodies anteriorly (arrowheads) identical to the features seen 
on imaging
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Local recurrence of CC typical reveals a new soft tis-
sue mass in the postoperative site on cross-sectional imag-
ing with similar intrinsic characteristics of the original 
lesion [51, 52].

Cross-sectional imaging of DC or PDC may show differ-
ences compared to CC reflecting more cellular tissue con-
taining less myxoid components (Figs. 6 and 7) [1, 20–24]. 
On CT, these areas may reveal higher attenuation, similar 
to muscle. On MR, these histologic variants of chordoma 
may demonstrate intermediate signal intensity on both 
T1-weighted and on long TR MR sequences (Figs. 6 and 7) 
[1, 20–24]. Focal areas (DC) or more diffuse regions (PDC) 
of prominent enhancement may also be seen (Fig. 6) [1, 
21–24]. Diffusion-weighted MR may also reveal lower ADC 
values in these lesions compared to CC reflecting this higher 
degree of cellularity [1, 20–24, 53].

Differentiating imaging features of BNCT 
and CC

The most significant discriminators favoring the diagno-
sis of BNCT in contradistinction to chordoma are scle-
rosis 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 MR (Fig. 8) [1, 4, 

7, 9, 25, 26, 29–31, 33–37]. Atypical imaging features of 
BNCT include evidence of significant contrast enhance-
ment, minimal interval growth (1–2 mm per year), foci 
of bone lysis, and minute soft tissue components (Fig. 8) 
[26, 54]. We would agree with Carter and coworkers and 
advocate the use of the term ANCT for lesions with unu-
sual imaging features of typical BNCT (Fig. 9) [26, 54]. 
ANCT requires close clinical and imaging follow-up to 
limit overly aggressive treatment, when balanced with the 
risk of neurologic complications, and surgical resection 
may not be warranted in the appropriate clinical scenario 
[26, 54]. In contradistinction, a notochordal neoplasm 
with significant cortical destruction and associated soft 
tissue component is a definitive CC and requires aggres-
sive treatment (Figs. 2, 3, 5, and 8).

Treatment of spinal BNCT and chordoma

Biopsy of incidentally discovered BNCT, on CT or more 
likely MR with typical imaging features, is usually not war-
ranted (Figs. 1 and 8). In fact, biopsy of BNCT may provoke 
misdiagnosis for CC, leading to extensive surgical resec-
tion and unintended postoperative complications [26, 54]. 
Long-term imaging follow-up of BNCT may be considered 
with CT and/or MRI to ensure no significant interval change 
occurs [26, 54].

Fig. 6  Sacral chordoma with 
dedifferentiation in a 67-year-
old woman with sacral pain and 
palpable mass. a, b Axial MR 
images including T1-weight-
ing postcontrast fat suppresed 
(a, 520/15) and T2-weighting 
with fat suppression (b, 3000/60) 
reveal sacrococcygeal destruc-
tion with anterior and posterior 
soft tissue components (black 
and white stars). The anterior 
soft tissue component has more 
enhancement (a) and has lower 
signal intensity on T2-weighting 
(b) and represents dedifferen-
tiation. c High-power photomi-
crograph (original magnifica-
tion × 20, hematoxylin–eosin 
stain) of the dedifferentiated 
areas reveals typical fascicular 
and storiform pattern of spindled 
cells (black stars) representing a 
region of undifferentiated pleo-
morphic sarcoma. Other regions 
(not shown) demonstrated typical 
chordoma histology with positive 
brachyury immunohistochemis-
try staining
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Despite its reported low-grade biologic behavior with 
slow growth, CC presents numerous treatment challenges 
for effective control. The tumor is often large at presenta-
tion and adjacent to critical normal structures that impede 
complete resection and hinder effective radiation therapy 
[55–69]. Management of these complex cases is best accom-
plished at large multidisciplinary centers that possess suffi-
cient experience to facilitate maximal function and minimize 
side effects [55–67].

Since the 1970s, a wide en-bloc resection is the corner-
stone of surgical resection of sacrococcygeal CC (Figs. 2 
and 3) [55–67]. Achieving a wide surgical margin is the 
most important predictor of survival and local recurrence 
[55–67]. Surgical excision necessitates resection of at least 
one entire sacral segment beyond the area of gross dis-
ease [56]. Numerous studies have documented the hazard 
of transgressing the tumor margin with nearly twice the 

recurrence rate associated with pseudocapsule violation 
[55–67]. Similarly, subtotal resection of these tumors pre-
disposes to increased local recurrence rates [55–67].

The surgical approach is dictated by the extent of the 
tumor [56, 65, 67, 68]. Resection of tumors inferior to the SI 
joint (caudal to S3) typically involves a posterior-transper-
ineal exposure. On the other hand, chordoma arising above 
the inferior portion of the SI joint (cephalad to S3) necessi-
tate a combined anterior–posterior approach [56, 65, 67, 68]. 
Low sacral amputation involves the sacrifice of at least one S4 
nerve root and below [56, 65, 67, 68]. Mid-sacral amputation 
involves the removal of at least one S3 nerve root and below 
[56, 65, 67, 68]. High sacral amputation involves the sacrifice 
of at least one S2 nerve root and below [56, 65, 67, 68]. Total 
sacrectomy involves resection above the S1 level [55–68].

Achieving a wide margin is the primary surgical goal 
of chordoma resection, but unfortunately also often 

Fig. 7  Poorly differentiated chordoma of the sacrococcygeal region 
in a 34-year-old woman with 6  years of sacral pain initially recog-
nized after child birth. a Axial PET-CT shows midline destructive 
sacrococcygeal mass (arrow) with prominent radionuclide uptake. b 
Sagittal T2 weighted fat suppressed (c, 4000/60) MR image reveals 
the sacrococcygeal midline destructive lesion with soft tissue exten-
sion. There is lower signal intensity on T2-weighting (b, white star) 
than often seen in typical chordoma. c High power photomicrograph 

(original magnification, × 40; hematoxylin–eosin stain) demonstrates 
sheets of mitotically active epithelioid cells with oval and irregular 
nuclei and eosinophilic cytoplasm without typical features of chor-
doma (open circles). There are intermixed small inflammatory cells. 
However, on immunohistochemistry stains (not shown), there was 
nuclear positivity for brachyury and nuclear INI-1 loss representing 
poorly differentiated chordoma (case courtesy of Drs. Miriam A. Bre-
della and Yin P. Hung)
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sacrifices functionally important nervous and osseous 
structures [56, 65, 67, 68]. When possible, preservation 
of the S2 nerve root during the sacrectomy is highly desir-
able to prevent loss of voluntary bowel/bladder control 
[56, 65, 67, 68]. Sparing of the S2 nerve roots bilaterally 
is associated with up to a 50% chance of normal bladder/
bowel function and an even higher likelihood if at least 
one S3 nerve root is also preserved [56, 65, 67, 68]. Com-
plete spinal-pelvic dissociation and total sacrectomy with 
sacrifice of the S1 nerve roots causes marked ambulation 
difficulties and neurologic damage and requires internal 
fixation for mechanical stabilization [56, 65, 67, 68].

For mobile spine chordomas, advancements in surgi-
cal techniques involving spondylectomy, corpectomy and 
instrumented cage devices have permitted increased use of 
en-bloc resection (Fig. 5) [55, 57, 60, 61, 70, 71]. As with 
other chordomas, there are inherent challenges primarily 
related to the presence of nerve roots, paraspinal/vertebral 
arteries, and complex osseous anatomy with increased risk 
of neurologic deficits and local recurrence [55, 57, 60, 61, 
70, 71].

Conventional radiation therapy is largely ineffective 
for treatment or control of CC in the absence of total sur-
gical resection [38, 64, 68, 69, 72]. The proximity of the 

Fig. 8  Sacral chordoma and coexistent benign notochordal cell 
(BNCT) tumors in a 64-year-old man with sacrococcygeal pain wors-
ened with sitting. a Sagittal T1-weighted (left image, a 500/15) and 
fat suppressed T2-weighted (right image, a 4000/100) MR images 
show marrow replacement in the lower sacrum on T1-weighting 
(left image, a white star) with high signal intensity on T2-weight-
ing (right image, a black star). There is anterior soft tissue exten-
sion (arrowheads) representing chordoma. A second small foci with 
similar intrinsic signal characteristics is seen at S3 (arrows) without 
soft tissue extension representing a BNCT. b Photograph of sagittal 
sectioned gross specimen reveals the lower sacral chordoma (black 
stars) with both anterior and posterior soft tissue extension (arrow-

heads). BNCT at S3 (open circle) demonstrates normal surrounding 
marrow (M) and lacks soft tissue extension. c Medium power pho-
tomicrograph (original magnification, × 10; hematoxylin–eosin stain) 
shows infiltration and permeation of the BNCT (black stars) between 
thickened trabeculae (arrowheads) without destruction and adjacent 
normal marrow (M). d Medium power photomicrograph (original 
magnification, × 10; hematoxylin–eosin stain) reveals chordoma with 
myxoid region (black stars) and other cellular areas of sheets and 
cords of epithelioid cells (C) replacing and destroying the marrow 
with extension into the soft tissue and fibrous pseudocapsule forma-
tion (between open arrows)
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spinal cord, spinal/cranial nerves, and rectum precludes 
the administration of higher photon radiation therapy doses 
(45–80 Gy) in many cases [38, 64, 68, 69, 72]. Lower 
doses (40–60 Gy) are associated with significantly poorer 
local control (only 10–40% at 5 years) [38, 64, 68, 69, 72]. 
Early studies using proton beam or charged particle radio-
therapy have shown superior rates of local control (50–60% 
at 5 years for chordomas involving the skull base, cervical 
spine, and sacrococcygeal region) [38, 64, 68, 69, 72]. The 
combination of proton-beam radiotherapy and wide en-bloc 
resection is now often the preferred treatment protocol [38, 
64, 68, 69, 72]. As proton therapy delivers less radiation to 
surrounding tissues compared to conventional radiotherapy, 
a higher dose can reach the target tissue leading to greater 
desired effects [38, 64, 68, 69, 72].

Local recurrence of chordoma is common despite opti-
mal initial therapy [38, 68, 71–74]. Local recurrence is 
directly related to the ability to accomplish complete initial 
surgical resection which is only successful in 35–75% of 
sacrococcygeal CC (Figs. 2 and 3) and 21% of mobile spine 
lesions (Fig. 5) [38, 68, 71–74]. Reexcision and reirradia-
tion are typically employed, although toxicities from prior 
radiation effects and technical challenges affiliated with 
additional surgical resection often limit their effectiveness 
[38, 64, 68–74].

Except for dedifferentiated and poorly differentiated 
chordoma (Figs. 6 and 7), most chordomas do not respond 
to conventional systemic chemotherapy [1, 20–24, 38, 68, 
72–74]. More novel chemotherapy using molecular-targeting 
agents such as those focused on platelet-derived growth fac-
tor receptors and tyrosine kinase inhibitors has shown prom-
ise in early trials [38, 68, 72–74]. Ongoing investigations 
using therapy targeting epidermal growth factor receptors 
and transcription factors may also play a role in inhibiting 
growth and cellular proliferation of these rare tumors [38, 
64, 68–74]. The discovery of brachyury resulting from a 
gene duplication that modulates the development of chor-
doma has fueled intense speculation and may serve as a focal 
point for future therapeutic management [38, 64, 68–74].

Prognosis of spinal chordoma

Despite their low-grade biologic behavior, the overall prog-
nosis for CC is guarded at best with most series reporting 
5-year survival rates at 45–86%, 10-year survival rates at 
28–71% and 20-year survival rates as low as 13% including 
SEER data from 1973 to 2015 [1, 10, 38, 68]. Several factors 
are associated with poorer prognosis in the setting of sacro-
coccygeal CC. Tumors extending more cephalad (above the 

Fig. 9  Atypical notochordal cell tumor (ANCT) incidentally discov-
ered on MR imaging of the pelvis in a 60-year-old female. Sagittal 
MR images with T1-weighting (left image, 500/20), T1-weighting 
postcontrast fat suppressed subtraction (middle image, 600/20) and 
fat suppressed T2-weighting (right image, 3500/20) show a marrow 
replacing lesion at S5. The lesion reveals low/intermediate signal 

intensity on T1-weighting (left image, black arrows), no enhancement 
(middle image, open circle), and high signal intensity on T2-weight-
ing with fat suppression (right image, white arrows). There is a min-
ute anterior soft tissue component. Lesion was biopsied and con-
firmed as ANCT (case courtesy of Dr. Mark J. Kransdorf)
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S2 or S3 vertebral levels) are reported to have increased rates 
of local recurrence and decreased survival [1, 10, 38, 68]. In 
general, larger masses with infiltration of surrounding tissues 
reveal similar trends, although there is lack of agreement as 
to what constitutes the critical size [1, 10, 38, 68]. Known 
technical challenges in achieving en-bloc resection, avoiding 
intraoperative contamination and possible increased risk of 
micrometastases in larger tumors contribute to this observa-
tion [1, 10, 38, 68]. Local recurrence rates of spine CC have 
ranged from 19–75% and are significantly more frequent 
owing to incomplete initial surgical resection [1, 10, 68, 72]. 
Local recurrence also significantly affects prognosis with a 
greater than 50% reduction in median survival [1, 10, 58, 
68]. Metastatic disease occurs in 3–48% of patients with 
CC and most frequently affects the lung (54%), bone (20%), 
soft tissue (15%), and liver (8%) [1, 10, 38, 68, 75]. DC and 
PDC manifests a more aggressive malignant clinical course 
with higher rates of local recurrence, metastases, and earlier 
mortality compared to CC and are associated with a dismal 
prognosis (Figs. 6 and 7) [1, 20–24, 68].

Summary

Neoplasms of notochordal differentiation include one benign 
(BNCT) and three malignant (CC, DC and PDC) lesions. 
These lesions typically involve the spine in an identical 
anatomic distribution to notochordal remnants with the sac-
rococcygeal region most frequently affected. This review 
discusses the imaging appearance spectrum and underlying 
pathologic basis of BNCT and chordoma. These radiologic 
features allow detection, characterization, and often differ-
entiation of these lesions.
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