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Abstract
Chordoma is a rare malignant tumor of bone with high morbidity and mortality. Recently, aggressive pediatric poorly
differentiated chordoma with SMARCB1 loss has been described. This study summarizes the clinicopathologic features of
poorly differentiated chordoma with SMARCB1 loss in the largest series to date. A search of records between 1990–2017 at
MGH identified 19 patients with poorly differentiated chordoma. Immunohistochemical stains were evaluated.
Kaplan–Meier survival statistics and log-rank (Mantel Cox) tests compared survival with other subtypes. The patients (n
= 19) were diagnosed at a median age of 11 years (range: 1–29). Tumors arose in the skull base and clivus (n= 10/19;
53%); cervical spine (n= 6/19; 32%); and sacrum or coccyx (n= 3/19; 16%). The clinical stage of these patients (AJCC 7e)
was stage 2A (n= 7/16; 44%); stage 2B (n= 6/16; 38%); stage 4A (n= 1/16; 6%); and stage 4B (n= 2/16; 13%). The
tumors were composed of sheets of epithelioid cells with nuclear pleomorphism, abundant eosinophilic cytoplasm, and
increased mitoses. Tumors were positive for cytokeratin (n= 18/18; 100%) and brachyury (n= 18/18; 100%). Patients were
treated with a combination of excision, radiation therapy, and chemotherapy. No difference in overall survival, progression
free survival, local control time, and metastasis free survival was identified between poorly differentiated chordoma of the
skull base and of the spine. Compared to other chordoma subtypes, poorly differentiated chordoma has a significantly
decreased mean overall survival after stratification by site (p= 0.037). Pediatric poorly differentiated chordoma has a distinct
clinical and immunohistochemical profile, with characteristic SMARCB1 loss and decreased survival compared to
conventional/chondroid chordoma. Recognition of this subtype is important because these malignancies should be treated
aggressively with multimodality therapy.

Introduction

Chordoma is a rare primary malignant tumor of bone
demonstrating notochordal differentiation. It almost always
arises in the axial skeleton, most commonly the sacrum,

followed by the skull base and the mobile spine [1–5].
There is a slight male predominance with a peak incidence
between 50–60 years of age. Across all subtypes, chordoma
has a low incidence below the age of 40 years old, and it is
very rare in children and adolescents (<5% of all chordoma
cases) [6, 7]. Although population-based studies using the
Surveillance, Epidemiology, and End Results (SEER)
database suggest that the tumor overall is quite rare with an
annual incidence of 0.08 per 100,000, it has a high mor-
bidity and mortality with a median survival of 6.29 years.
Comprehensive survival analysis of 400 cases in the SEER

These authors contributed equally: Angela R. Shih, Gregory M. Cote

These authors jointly supervised this work:G. Petur Nielsen, Yen-Lin
Chen

* G. Petur Nielsen
gnielsen@mgh.harvard.edu

* Yen-Lin Chen
ychen9@mgh.harvard.edu

1 Department of Pathology, Massachusetts General Hospital,
Boston, MA 02114, USA

2 Center for Sarcoma and Connective Tissue Oncology,

Massachusetts General Hospital, Boston, MA 02114, USA
3 Department of Radiation Oncology, Massachusetts General

Hospital, Boston, MA 02114, USA
4 Department of Orthopedic Surgery, David Geffen School of

Medicine at University of California, Los Angeles, CA 90095,
USA

5 Department of Orthopedic Surgery, Massachusetts General
Hospital, Boston, MA 02114, USA

12
34

56
78

90
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-018-0002-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-018-0002-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-018-0002-1&domain=pdf
mailto:gnielsen@mgh.harvard.edu
mailto:ychen9@mgh.harvard.edu


Ta
bl
e
1

C
lin

ic
op

at
ho

lo
gi
c
ch
ar
ac
te
ri
st
ic
s
of

po
or
ly

di
ff
er
en
tia
te
d
ch
or
do

m
a

P
t

D
em

og
ra
ph

ic
s
L
oc
at
io
n

Im
m
un

oh
is
to
ch
em

is
tr
y

T
N
M

S
ta
ge

(C
lin

ic
al

S
ta
ge
)

T
um

or
si
ze

(c
m
)

T
re
at
m
en
t

O
ut
co
m
e
(m

on
th
s
fr
om

D
x)

S
ur
vi
va
l
(m

on
th
s

fr
om

D
x)

A
ge

S
ex

S
10

0
C
K

B
ra
ch
yu

ry
IN

I1
S
ur
ge
ry

X
R
T

C
he
m
o

1
1

F
S
ku

ll
ba
se

cl
iv
us

+
+

+
−

T
1N

0M
0
(2
A
)

Y
L
oc
al

re
cu
rr
en
ce

(4
m
on

th
s)

A
liv

e
(1
1
m
on

th
s)
;

un
kn

ow
n
di
se
as
e
st
at
us

2
3

F
C
oc
cy
x

−
+

+
N
A

T
1N

0M
0
(2
A
)
5.
3

Y
D
is
ta
nt

m
et
s
(4

m
on

th
s,
43

m
on

th
s,

44
m
on

th
s)

D
W
D

(5
2
m
on

th
s)

3
5

F
C
er
vi
ca
l
(C
1-

C
2)

−
+

+
−

T
1N

0M
0
(2
A
)

P
B
S

Y
N
E
D

(1
2
m
on

th
s)

4
9

F
C
liv

us
−

+
+

−
T
1N

0M
0
(2
A
)

Y
P
B
S

N
o
kn

ow
n
re
cu
rr
en
ce

or
pr
og

re
ss
io
n

N
E
D

(9
m
on

th
s)

5
17

F
S
ku

ll
ba
se

cl
iv
us

−
+

+
−

T
1N

0M
0
(2
A
)

Y
L
oc
al

re
cu
rr
en
ce

(3
m
on

th
s)

A
W
D
(1
4
m
on

th
s)

6
18

F
C
er
vi
ca
l
(C
2-

C
3)

+
+

+
−

T
1N

0M
0
(2
A
)
6.
1

Y
IM

R
T
;

PB
S
D
ur
al

3D

Y
D
is
ta
nt

m
et

(4
0
m
on

th
s)

A
W
D

(4
6
m
on

th
s)

7
29

F
C
er
vi
ca
l
(C
6-

C
7)

−
+

+
−

T
1N

;0
M
0

(2
A
)

2.
1

Y
IM

R
T
;

PB
S

Y
N
o
kn

ow
n
re
cu
rr
en
ce

or
pr
og

re
ss
io
n

N
E
D

(2
9
m
on

th
s)

8
3

F
S
ku

ll
ba
se

−
+

+
−

T
2N

0M
0
(2
B
)

Y
D
is
ta
nt

m
et
s
(3

m
on

th
s)

D
W
D

(1
0
m
on

th
s)

9
7

M
S
ku

ll
ba
se

cl
iv
us
;
C
er
vi
ca
l

(C
1)

N
A

+
N
A

N
A

T
2N

0M
0
(2
B
)

Y
3D

N
o
kn

ow
n
re
cu
rr
en
ce

or
pr
og

re
ss
io
n

D
ec
ea
se
d
(7
2
m
on

th
s)
;

un
kn

ow
n
di
se
as
e
st
at
us

10
7

F
C
liv

us
;
C
er
vi
ca
l

(C
1-
C
2)

+
/−

+
+
/-

−
T
2N

0M
0
(2
B
)

IM
R
T
;
3D

Y
N
E
D

(1
1
m
on

th
s)

11
11

M
S
ku

ll
B
as
e

C
liv

us
−

+
+
/-

−
T
2N

0M
0
(2
B
)

Y
IM

R
T
;
3D

N
o
kn

ow
n
re
cu
rr
en
ce

or
pr
og

re
ss
io
n

A
liv

e
(3
8
m
on

th
s)
;

un
kn

ow
n
di
se
as
e
st
at
us

12
17

F
C
er
vi
ca
l
(C
2-

C
3)

−
+

+
−

T
2N

0M
0
(2
B
)

Y
IM

R
T
;

PB
S

Y
A
liv

e
(6

m
on

th
s)
;

un
kn

ow
n
di
se
as
e
st
at
us

13
22

F
C
er
vi
ca
l
(C
3-

C
5)

−
+

+
−

T
2N

0M
0
(2
B
)

12
Y

IM
R
T
;
3D

R
eg
io
na
l
re
cu
rr
en
ce

(9
m
on

th
s,

14
m
on

th
s)

D
W
D

(2
3
m
on

th
s)

14
20

M
C
er
vi
ca
l
(C
5)

+
+

+
−

T
1N

0M
1
(4
A
)
3.
5

Y
3D

P
ro
gr
es
si
on

,
di
st
an
t
m
et

(1
3
m
on

th
s)

N
E
D

(3
6
m
on

th
s)

15
1

F
S
ku

ll
ba
se

cl
iv
us

−
+

+
−

T
1N

0M
1
(4
B
)

Y
P
B
S

Y
R
eg
io
na
l
re
cu
rr
en
ce

(1
7
m
on

th
s)
;
L
N

re
cu
rr
en
ce

an
d
di
st
an
t
m
et

(2
5
m
on

th
s)

A
W
D

(3
0
m
on

th
s)

16
20

F
S
ac
ru
m

−
+

+
−

T
2N

1M
1
(4
B
)

A
W
D

(0
.3

m
on

th
)

17
2

M
C
liv

us
−

+
+

−
N
A

N
A

N
A

N
A

N
A

N
A

18
16

M
C
oc
cy
x

−
+

+
−

N
A

N
A

N
A

N
A

N
A

N
A

19
19

M
C
er
vi
ca
l

N
A

N
A

+
−

N
A

N
A

N
A

N
A

N
A

N
A

N
ot
e:

P
at
ie
nt
s
1–

16
w
er
e
se
en

at
th
e
M
as
sa
ch
us
et
ts
G
en
er
al

H
os
pi
ta
l.
P
at
ie
nt
s
17

–
19

w
er
e
se
en

in
co
ns
ul
ta
tio

n
an
d
ha
ve

lim
ite
d
cl
in
ic
al

in
fo
rm

at
io
n

P
B
S
pe
nc
il
be
am

sc
an
ni
ng

,I
M
R
T
in
te
ns
ity

-m
od

ul
at
ed

ra
di
at
io
n
th
er
ap
y,

3D
3D

co
nf
or
m
al
ra
di
at
io
n
th
er
ap
y,

N
A
no

ta
va
ila
bl
e,
L
N
ly
m
ph

no
de
,D

W
D
de
ce
as
ed

w
ith

di
se
as
e,
N
E
D
no

ev
id
en
ce

of
di
se
as
e,

A
W
D

al
iv
e
w
ith

di
se
as
e

1238 A. R. Shih et al.



database showed that survival at 5, 10, and 20 years drops
steeply over time at 98%, 40%, and 13% respectively [6].

The current World Health Organization (WHO) “Clas-
sification of Soft Tissues and Bone” continues to classify
chordoma into three subtypes: conventional, chondroid, and
dedifferentiated [8]. The morphology varies between these
subtypes, from the “physaliphorous cells” and myxoid
matrix of the conventional type, to matrix that mimics
hyaline cartilage in the chondroid type, to biphasic tumors
with juxtaposed high grade undifferentiated sarcomas in the
dedifferentiated type. All subtypes (except the dediffer-
entiated component in dedifferentiated chordoma) typically
show positive immunohistochemical staining for keratins, T
brachyury, S100, and epithelial membrane antigen (EMA)
[5]. Recently, however, a subset of chordoma with an
absence of SMARCB1 (SNF5-homolog/SMARCB1, also
known as INI1) expression has been described in the

pediatric population with a particularly aggressive clinical
course [9–12].

SMARCB1 is a chromatin remodeling member of the
SWI/SNF complex. It is known to be lost in a number of
sarcomas including malignant rhabdoid tumor, epithelioid
sarcoma, epithelioid malignant peripheral nerve sheath
tumor (MPNST), and myoepithelial carcinoma [13].
Although loss of SMARCB1 expression has been pre-
viously described in a minority of chordomas [11, 12], a
closer look at the clinical features associated with these
tumors has led to the suggestion that they may comprise a
distinct subset of chordoma separate from the three his-
tological types in the current WHO classification system
[9, 10, 14, 15]. The clinical features of this subset
of chordoma, referred to as “poorly differentiated
chordoma,” have not yet been well characterized. In this
study, we aim to summarize the clinicopathologic features

Fig. 1 Radiology and
histopathology of poorly
differentiated chordoma. The
radiology and histopathology for
patient 5 are presented in this
figure. An axial MRI of the brain
demonstrates a large enhancing
skull base lesion measuring
approximately 4.5 cm with
extensive mass effect on the
third ventricle and pons (a). On
histology, the tumor is
composed of sheets of
mitotically active epithelioid
cells with oval and irregular
nuclei, variably prominent
nucleoli, and eosinophilic
cytoplasm (b). No myxoid
stroma was present, but areas of
necrosis were readily identified
(c). On immunohistochemistry,
the lesional cells were strongly
positive for keratin (in this case,
MNF116) (d) and nuclear T
brachyury (e), with nuclear INI-
1 loss (f)

Clinicopathology of poorly differentiated chordoma 1239



of the largest series of poorly differentiated chordoma
to date.

Materials and methods

A comprehensive search of an IRB approved Sarcoma Data
Repository at the Massachusetts General Hospital, as well
as the clinical and pathology records at the Stephan L.
Harris Center for Chordoma Care at the Massachusetts
General Hospital (MGH) between 1990 and 2017 identified
a total of 19 patients with a diagnosis of “poorly differ-
entiated chordoma” as rendered by expert bone and soft
tissue pathologists on the bases of morphology and immu-
nohistochemistry for S100, keratin, T brachyury, and
SMARCB1. Retention of nuclear SMARCB1 by immuno-
histochemistry was used as an exclusion criteria. Of these
19 patients, a total of 3 patients were pathology cases seen
in consultation and have limited clinical data; for the
remaining 16 patients, clinical data was gathered from the
electronic medical record as available, and Kaplan–Meier
survival statistics were performed compared to outcomes
for all chordoma patients seen at our institution since the
year 2000. A log-rank (Mantel Cox) test was used to
compare survival with other chordoma subtypes from
patients seen at the Stephan L. Harris Center for Chordoma
Care at MGH.

Results

Demographics

The patients (n= 19) were diagnosed at an average age of
11.9 years (range: 1 to 29 years; median: 11 years; standard
deviation: 8.4 years) with a M:F ratio of 0.46. Most of the
tumors arose in the skull base and clivus (n= 10/19; 53%)
[Fig. 1a]; cervical spine (n= 6/19; 32%); and sacrum or
coccyx (n= 3/19; 16%). The most common symptoms at
presentation were pain and discomfort (n= 12/16; 75%), as
well as neurologic symptoms (n= 9/16; 56%); other less
common complaints included weight loss, neck stiffness,
respiratory symptoms, and compression fracture.

The patients were given an AJCC TNM 7th edition
pathologic stage of T1 (n= 9/16; 56%) and T2 (n= 7/16;
44%). Of the T1 patients, no patients were identified to have
nodal metastases, but two patients were found to have
distant metastasis. Of the T2 patients, a single patient was
found to have both lymph node and distant metastases.
Overall, the clinical stage of these patients per the guide-
lines given by the AJCC 7th edition was Stage 2A (n= 7/
16; 44%); Stage 2B (n= 6/16; 38%); Stage 4A (n= 1/16;
6%); and Stage 4B (n= 2/16; 13%). [Table 1]

Histology and immunohistochemistry

Each of the patients in this cohort underwent either a core
biopsy or excisional biopsy for definitive diagnosis, and the
slides were reviewed at our institution. Morphologically, the
tumors were composed of epithelioid cells with a cohesive
and often sheet-like pattern of growth. [Fig. 1b] The cells
were remarkable for prominent nuclear pleomorphism and
relatively abundant eosinophilic cytoplasmic, with rhabdoid
morphology being described at least focally in 3 tumors.
The canonical physaliferous cells of conventional chordoma
were not identified, and extracellular myxoid stroma was
generally not present; in the single case where myxoid
stroma was present, it was very minimal. Necrosis was
present at least focally in 5 tumors, [Fig. 1c] and extra-
osseous extension was identified in all cases. Mitoses were
typically increased (up to 12 mitoses/10 HPFs). Two cases
also had a Ki67 immunostain performed, and both showed
an elevated Ki67 proliferation index in the range of
10–15%.

Immunohistochemical analysis showed that the tumors
were positive for cytokeratin (n= 18/18; 100%) and T
brachyury (n= 18/18; 100%) and generally negative for
S100 (n= 14/17; 82%). SMARCB1 was lost in all tumors
that were tested (n= 17/17; 100%). [Fig. 1d–f]

Treatment and clinical follow-up

Patients were treated with a combination of surgical exci-
sion, radiation therapy, and chemotherapy as shown in
Table 1. Two patients were treated with definitive radiation
therapy and chemotherapy alone. Thirteen patients were
treated with surgical excision; of these, 5 patients were
given adjuvant radiation therapy, 4 patients were given both
radiation therapy and chemotherapy, and 4 patients were
treated with surgery alone. Notably, two patients were
treated with multimodality therapy including surgery, che-
motherapy, and both preoperative and postoperative radia-
tion. Chemotherapy agents included doxorubicin,
ifosfamide, etoposide, vincristine, and cyclophosphamide.
Radiation therapy consisted of proton-based radiation
therapy to a median dose of 72 Gy (range: 66.6 to 79.4 Gy).
Seven patients had radiation therapy postoperatively only,
and another two patients (patients #6 and 7) had radiation
therapy preoperatively and postoperatively.

Clinical follow-up reveals that six patients were found to
have local recurrence at a median of 11 months (range: 3 to
26 months) from the initial diagnosis. Among the 13 non-
metastatic cases at diagnosis, three patients developed dis-
tant metastases at 3, 39, and 40 months from the initial
diagnosis. In this cohort, three patients are deceased with
disease (DWD); five patients currently have no evidence of
disease (NED); and four patients are alive with disease

1240 A. R. Shih et al.



(AWD). An additional three patients are alive with no
clinical follow-up, and another patient is deceased with an
unknown disease status.

The cumulative mean overall survival (OS) for poorly
differentiated chordoma regardless of site is 53 months
(standard error, SE= 9 months; median= 51 months). No
statistically significant difference was identified in mean
overall survival, mean progression free survival, mean local
control time, and mean metastasis free survival between
poorly differentiated chordoma of the skull base and of the
spine. [Fig. 2a–d] At our institution, 681 patients with

conventional or chondroid chordoma (irrespective of site)
had a cumulative mean overall survival of 109 months (SE
= 5 months) and 96 months (SE= 5 months), respectively.
A log-rank (Mantel–Cox) test shows that poorly differ-
entiated chordoma has a statistically significant decreased
mean overall survival (p= 0.025) when compared overall to
a cumulative institutional database of 526 patients with
conventional chordoma (n= 526; 77%) and 155 patients
with chondroid chordoma (n= 155; 23%). [Fig. 3a] Com-
pared with patients at our institution with conventional or
chondroid chordoma, a significantly decreased overall

Fig. 2 Survival curves for poorly differentiated chordoma by site.
Kaplan-Meier survival statistics were performed on poorly differ-
entiated chordoma comparing survival of patients with tumors arising
in the skull base and those with tumors arising in the spine. For the
skull base and the spine, respectively, mean overall survival (a) is
62 months (SE= 11 months) and 46 months (SE= 7 months); mean
progression free survival (b) is 34 months (SE= 13 months) and
23 months (SE= 7 months); mean local control time (c) is 41 months

(SE= 13 months) and 31 months (SE= 8 months); and mean
metastasis free survival (d) is 49 months (SE= 13 months) and
30 months (SE= 7 months). A log-rank (Mantel–Cox) test shows that
there is no difference in survival between poorly differentiated chor-
doma of the skull base and the spine for mean overall survival (p=
0.63), mean progression free survival (p= 0.88), mean local control
time (p= 0.88), and mean metastasis free survival (p= 0.50)

Clinicopathology of poorly differentiated chordoma 1241



survival of poorly differentiated chordoma (p= 0.037) was
found after stratification by site (skull base vs. spine).
[Fig. 3b, c] Data on progression free survival, local control
time, and metastasis free survival was not available for the
entire cohort of base of skull chordomas for more rigorous
comparison to other histological subtypes.

In the spine, poorly differentiated chordoma had a mean
overall survival of 46 months (SE= 7 months; median=
51 months); mean progression free survival of 23 months
(SE= 10 months; median= 68 months); mean local control
time of 31 months (SE= 8 months; median= 26 months);
and mean metastasis free survival of 30 months (SE=
7 months; median= 39 months). At our institution, 126
patients with spinal conventional and chondroid chordoma
respectively had a mean overall survival of 129 months (SE
= 13 months) and 101 months (SE= 9 months); mean
progression free survival of 100 months (SE= 12 months)
and 60 months (SE= 6 months); mean local control time of
121 months (SE= 14 months) and 63 months (SE=
6 months); and mean metastasis free survival of 165 months
(SE= 15 months) and 83 months (SE= 6 months). A log-
rank (Mantel-Cox) test shows that spinal poorly differ-
entiated chordoma has a significantly decreased mean
overall survival (p= 0.035; Fig. 4a), mean progression free
survival (p < 0.0005; Fig. 4b), mean local control time (p=
0.006; Fig. 4c), and mean metastasis free survival (p <
0.005; Fig. 4d) when compared overall to 126 patients with
spinal conventional chordoma (n= 98; 78%) and chondroid
chordoma (n= 28; 22%) at our institution.

Discussion

Poorly differentiated chordoma is a rare subset of chordoma
with distinct clinical features compared to those defined by
the most recent WHO classification. In our series, compared
to conventional chordoma, poorly differentiated chordoma
has a marked tendency to occur in a younger population
(children and adolescents, though not universally) with a
very slight female predominance, and have an increased
predilection for the skull base and cervical spine. Like
conventional tumors, the cases in this series were all posi-
tive for T brachyury and wide-spectrum keratin; however,
in 14 of 17 cases, they had negative S100 staining. Clini-
cally, compared to historical controls at our institution,
these tumors appear to be more aggressive than conven-
tional and chondroid chordoma in both the skull base and
the spine, with a decreased mean overall survival.

In general, poor survival may be partially attributable to
the fact that chordoma is often indolent and slow-growing,
and therefore commonly diagnosed at a late stage, making
distant metastasis at presentation more likely [16, 17].
However, patient survival appears to be more affected by

Fig. 3 Comparison of survival curves for poorly differentiated chor-
doma to a cumulative institutional database. Kaplan–Meier survival
statistics were performed on poorly differentiated chordoma compared
to conventional and chondroid chordoma patients seen at the Massa-
chusetts General Hospital. Mean overall survival of poorly differ-
entiated chordoma (a) is 53 months (SE= 9 months). When stratified
by site (b, c), a significantly decreased overall survival was identified
(p= 0.037) when compared to both conventional chordoma and
chondroid chordoma of the comparable sites
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the tumor’s locally aggressive nature, leading to a high rate
of local recurrence [18, 19]. This appears to be particularly
true in poorly differentiated chordoma, which in our cohort
appears to have predilection for aggressive behavior, with
rapid onset of both local recurrence and distant metastatic
disease. Similar results were seen in smaller series from
Yadav et al and a small subset of skull base chordoma from
Hoch et al [11, 20]. Consequently, clinical management in
these cases can be quite difficult, and while en-bloc resec-
tion with wide negative margins is generally considered the
primary treatment modality for conventional chordoma [19,
21], this is not clinically feasible in patients with aggressive
skull base tumors. Currently, the use of adjuvant radiation

therapy for treatment of chordoma is institution-dependent
but has been described to have therapeutic and palliative
utility in certain cases [22–24].

For conventional chordoma, the data for systemic ther-
apy in the adjuvant or metastatic setting remains under-
whelming. Most published pilot or phase 2 studies of small
kinase inhibitors show only modest benefit [25–29], and the
consensus is that conventional chemotherapy is not effec-
tive in this subtype. In contrast, there are case reports that
conventional sarcoma chemotherapy agents may have
activity in poorly differentiated chordoma, dedifferentiated
chordoma, or pediatric chordoma that is not further classi-
fied [1, 30, 31]. It is hypothesized that the presence of the

Fig. 4 Comparison of survival curves for spinal poorly differentiated
chordoma to a spinal institutional database. Kaplan–Meier survival
statistics were performed on spinal poorly differentiated chordoma
compared to spinal conventional and chondroid chordoma patients
seen at the Massachusetts General Hospital. For spinal poorly differ-
entiated chordoma, mean overall survival is 46 months (SE=
7 months); mean progression free survival is 23 months (SE=
10 months); mean local control time is 31 months (SE= 8 months);

and mean metastasis free survival is 30 months (SE= 7 months). A
log-rank (Mantel–Cox) test shows that spinal poorly differentiated
chordoma has a significantly decreased mean overall survival (p=
0.035; a), mean progression free survival (p < 0.0005; b), mean local
control time (p= 0.006; c), and mean metastasis free survival (p <
0.0005; d) when compared to both conventional chordoma and
chondroid chordoma of the spine
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extracellular matrix acts as a barrier for many chemother-
apeutic agents, and that concomitant use of drugs targeting
the extracellular matrix might be used in conjunction with
more standard agents. However, because poorly differ-
entiated chordoma lacks extracellular matrix, more con-
ventional therapies for sarcoma management may be
effective. In our series, patients did receive chemotherapy;
however, it is impossible to make meaningful conclusions
on activity given the heterogeneity of patient management
and agents utilized. We are encouraged by the outcomes of
two patients treated only with chemoradiation that are cur-
rently without evidence of disease at 12 and 11 months from
initial diagnosis.

Perhaps more exciting is whether this unique subset of
chordoma could be targeted through novel molecular
therapies. Enhancer of Zeste homologue 2 (EZH2) is the
catalytic methyl transferase of the polycomb repressive
complex 2 (PRC2), an epigenetic regulator of transcription
[32]. SMARCB1 inactivation is believed to lead to loss of
inhibition of EZH2 and oncogenesis [33]. Moreover, tar-
geting EZH2 in models of malignant rhabdoid tumor, a
SMARCB1 negative sarcoma, leads to cell death [34–36],
and early activity has been reported in SMARCB1 negative
epithelioid sarcoma [37]. Tazemetostat, a novel EZH2
inhibitor, has entered early phase clinical trials for patients
with SMARCB1 loss, including poorly differentiated
chordoma (NCI# NCT02601950 and NCT02601937). We
eagerly await data from these clinical trials on the
SMARCB1 negative chordoma patients.

A limitation to the survival findings reported in this study
is that this cohort is composed of a heterogeneous popula-
tion of patients, who have been managed variably either as
patients treated at our institution as a primary tumor and
those who are managed at our institution as a locally
recurrent disease after prior intervention elsewhere. In our
experience, prior surgical procedures at an outside facility
generally have an unfavorable impact on local control.
Nearly all the patients diagnosed with poorly differentiated
chordoma in this study had prior interventions (pre-
dominantly surgical) at outside institutions, and conse-
quently, it is difficult to compare the outcomes of this
population to patients treated solely at our institution. While
the survival data in this cohort certainly points to overall
worsened outcomes, a larger cohort may be necessary to
confirm these findings.

As poorly differentiated chordoma lacks the classic
morphologic characteristics of conventional chordoma
(such as myxoid extracellular matrix and physaliphorous
cells), the differential diagnosis is broad and immunohis-
tochemical results may be misleading. Since these tumors
often have a cohesive epithelioid morphology and are
positive for keratin, the most concerning and probably most
common misdiagnosis is metastatic carcinoma, particularly

in adults, which can extremely rarely show SMARCB1 loss
[38]. In children, the most problematic entity is atypical
teratoid/rhabdoid tumor, which also has SMARCB1 loss, as
described above, but will be negative for T brachyury.
Other entities in the differential diagnosis include sarcomas;
in particular, epithelioid sarcoma may present a difficulty,
as this entity is also SMARCB1 negative and positive for
cytokeratin [13]. Similarly, a subset of epithelioid malignant
peripheral nerve sheath tumors (MPNST) and myoepithelial
carcinomas also show an immunophenotype with positive
cytokeratin and negative nuclear SMARCB1 [13, 39, 40].
In these cases, patient demographics, clinical history, and
radiographic findings may be helpful, and immunohis-
tochemistry for T brachyury is essential in making the
appropriate diagnosis. Although other tumors have been
described to be positive for T brachyury, nuclear T bra-
chyury immunoreactivity is a fairly sensitive and specific
marker for notochordal origin [41].

Poorly differentiated chordoma has a distinct clinical and
immunohistochemical profile compared to conventional
chordoma, and its morphologic characteristics lead to a
broad differential that includes metastatic carcinoma and
sarcoma. Regardless of morphology, chordoma should
remain on the differential for all midline tumors of the axial
skeleton, and the use of immunohistochemistry for T bra-
chyury and SMARCB1 may be helpful in distinguishing
chordoma from its mimics. In our series, the largest poorly
differentiated chordoma cohort to date, we confirm this is a
disease of young adults and children, with a predominance
of skull base and cervical spine origin. The outcome of this
cohort was inferior to historical controls of conventional
and chondroid chordoma. We believe that without further
evidence these patients should be treated with aggressive
multimodality therapy, when feasible. For those patients
with advanced disease, we strongly support participation in
clinical trials.
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