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MATERIALS AND
METHODS



MATERIALS AND METHODS

v Surgical pathology files from 1990 to 2019 of 2 institutions (Massachusetts General Hospital and University

of Miami) and consultation files from 2 authors (G.P.N. and A.E.R.) were searched for cases of

dedifferentiated chordoma.

v Immunohistochemistry was performed in select cases on 5- 4 m-thick formalin-fixed paraffin-embedded

wholetissue sections for the following targets: brachyury, INI1, cytokeratin, S-100

v Next-generation sequencing was performed successfully in 4 tumors (including both components in 3) but

failed 1n 1 case, likely due to decalcification (from EDTA) and specimen age (over 6 y).



MATERIALS AND METHODS

For integrative analysis, all publications in English on dedifferentiated chordoma were analyzed by searching on

the PubMed search engine of the Library of Medicine with the following terms: “chordoma” and

29 ¢¢ 99 ¢¢

“dedifferentiated,” “dedifferentiation,” “sarcomatous,” “sarcomatoid,” “anaplastic,” “transformation,” or

“malignant fibrous histiocytoma.”
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TABLE 1. Clinicopathologic Characteristics of Dedifferentiated
Chordoma in This Study and in the Integrative Analysis

n ('],-"’u)
' Pl'ill]l‘.45 . E’[j(}lt;g}f
This Study Studies Combined De novo 4 (50) 41 (58) 45 (57)
(N=10) (N=77) (N=87) Prior 3 (38) 21 (30) 24 (30)
Age radiotherapy
Median (range) 54 (15-80) 58 (16-81) 58 (15-81) Tl 112 7 (12) 10 (1)
Sex
Treatment
ﬁ!ﬂ;ﬂle ?5 gg) fé Egg gi Egg) Surgical resection 8 (80) 72 (94) 80 (92)
Ut?kenown —) | 1) Radiotherapy 5 (50) 31 (40) 36 (41)
" ize ( Chemotherapy 4 (40) 13 (17) 17 (20)
uhn;{}r_mze cm) Metastases (clinical-radiographic)
edian (range) 5.8 (28245)  10.0(50240) 100 2.8:245) 1R 6 (60) 34 (44) 40 (46)
Dﬁ”‘?m““ﬂ“““ (Vo) Lungs 5 (50) 24 (31) 29 (33)
. edl;;lm (range) 60 (3-95) 50 (5-99) 50 (3-99) Liver 1 (10) 7 (9) 8 (9)
umor location .
Brain 2 (20 34 5(6
Sacrococcygeal 6 (60) 53 (69) 59 (68) Patients with metastases sarflpl)ed @ ©
Lumbar L (10) 45 > (6) Conventional | 2 3
Cervicothoracic 1 (10) 4 (5) 5 (6) component only
spime/ Dedifferentiated 1 7 8
mediastinum component only
Skull base 2 (20) 14 (18) 16 (18)
Mobile spine - 2 (3) 2 ) Both components | 3 4

Follow-up (mo)

(not otherwise Median (range)  14.7 (10.1-99.1) 12.0 (0.2-98.0) 12.0 (0.2-99.1)

specified)
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RESULTS

Patient#lGlG B | B|EJ|E[ 1]
Tumor sequenced | Pri | Pri | Pri | Pri | Pri | Met| Pri
Component sequenced| CC | DC

nonsense mutation

PTEN
SMARCA4 missense mutation
TP53 splice site mutation
RB1 promoter mutation
MYC high copy gain
CDKN2A | loss of heterozygosity
TERT

FIGURE 4. Molecular features of dedifferentiated chordomas. Heatmap showing the distribution of single nucleotide and copy
number variants in 4 dedifferentiated chordomas, including each component separately in 3 tumors. CC indicates conventional

component; DC, dedifferentiated component; Met, metastasis; Pri, primary.
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FIGURE 3. Overall survival and association with clinicopathologic factors in dedifferentiated chordomas. A, Kaplan-Meier curves of
overall survival in dedifferentiated chordoma patients from this series (gray; n=7) and the integrative analysis (black; n=76). B,

Forest plot of hazard ratios (range: 95% confidence interval) of clinicopathologic factors for dedifferentiated chordoma patients in
relation to overall survival.
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DISCUSSION

v' Historically, dedifferentiated chordoma was designated by various nomenclature: “anaplastic

29 ¢¢ 99 ¢¢ 29 ¢¢

chordoma,” “sarcomatoid chordoma,” “malignant chordoma,” “malignant fibrous histiocytoma”
arising 1n a chordoma, chordoma with “sarcomatous features (spindle cell metaplasia),” chordoma

with “sarcomatous transformation,” and chordoma with “malignant spindle cell component.”

v In the 2020 (fifth edition) WHO classification, chordoma composed of high-grade sarcoma

juxtaposed to a conventional or chondroid component 1s designated dedifferentiated chordoma.



DISCUSSION

v Dedifferentiated chordoma vs. Radiation-associated sarcoma: Radiation-associated

sarcoma 1s defined as a sarcoma that arises 1n proximity to the radiation field, at least 6

months after radiotherapy cessation, and differs histologically from the primary malignancy.

v' Dedifferentiated chordoma vs. other primary bone sarcomas: Other primary bone
sarcomas can also mimic the dedifferentiated component of dedifferentiated chordoma.
Radiologic correlation with appropriate sampling to 1dentify the conventional component

will aid the diagnosis of dedifferentiated chordoma.



DISCUSSION

v Dedifferentiated chordoma vs. conventional chordoma with prominent spindling:

conventional chordoma showing gradual transition and retained cytokeratin /brachyury
staining even 1n the spindled areas. The dedifferentiated component 1s overtly malignant
with loss of both cytokeratin and brachyury, which would not be seen 1in conventional

chordoma, even with prominent spindling.



DISCUSSION

Dedifferentiated chordoma vs. poorly differentiated chordoma

v" Histologically, poorly differentiated chordoma displays epithelioid cells, lacking myxoid
stroma or “physaliferous” cells as in conventional chordoma, and does not manifest the

biphasic appearance with frank sarcomatous areas as in dedifferentiated chordoma.

v Immunophenotypically, poorly differentiated chordoma expresses keratin and brachyury

with characteristic loss of INI1.



DISCUSSION

Brachyury

v" Given that brachyury is implicated in the pathogenesis of chordoma, which commonly
harbors somatic duplications with low-copy gains of 7BXT that encodes brachyury, the
consistent expression loss of brachyury 1n the dedifferentiated component noted herein and

in the literature 1s intriguing.

v These findings suggest that driver gene alterations that are critical in tumor initiation and

progression may not be involved in tumor dedifferentiation and high-grade transformation.



DISCUSSION

Mechanisms

v" First, in cases with prior radiotherapy, the dedifferentiated component may represent

radiation-induced de novo sarcoma.

v Second, dedifferentiated chordoma may represent a collision tumor of 2 genetically
unrelated tumors. Nevertheless, metastases from dedifferentiated chordoma can harbor
conventional, dedifferentiated, or both components, suggesting that the biphasic histology

1S 1ntrinsic.



DISCUSSION

Mechanisms

v" Third, the dedifferentiated component may represent bona fide dedifferentiation, with

continual tumor evolution derived directly from the conventional component.

v Fourth, analogous to what was found in dedifferentiated chondrosarcoma, the 2
components 1n dedifferentiated chordoma may share a monoclonal origin with subsequent

clonal divergence.



DISCUSSION

limitations

v The molecular mechanisms for INI1 expression loss in that 1 case of sacral conventional
chordoma and 1ts subsequent lung metastases remain unknown. The sequencing assay
covered only portions of SMARCBI (exons 2, 4, 5, and 9), with no copy number

alterations or mutations.

v Also, we could not address the contribution of radiotherapy in the pathogenesis of

dedifferentiated chordoma.



CONCLUSION

v" Dedifferentiated chordoma is rare and aggressive, involves diverse sites (frequently

sacrum), and presents de novo, postradiotherapy, or as recurrence/metastases

months-to-years after the iitial diagnosis.

v" Histologically, dedifferentiated chordoma is characterized by the presence of both
conventional and high-grade sarcoma components, which intermix or juxtapose to each

other with abrupt to gradual transitions.



CONCLUSION

v" We identified an unusual sacral conventional chordoma showing complete INI1 loss with

one of the subsequent lung metastases showing dedifferentiation.

v The dedifferentiated component consistently shows loss of brachyury and cytokeratin
staining and harbors recurrent TP53 mutations, which implicate dysregulation of tumor

suppressors in chordoma dedifferentiation and potential therapeutic targets.
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