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Background. Chordomas are rare malignant bone tumors preferentially forming in neuraxial bones. Chondroid chordoma is a
subtype of chordoma. Chordomas reportedly present as synchronous multiple lesions upon initial diagnosis. However, it remains
unknown whether these lesions are multicentric or metastatic multiple chordoma tumors. Case Presentation. Here, we present the
case of a 57-year-old woman with multiple chordomas at the clivus, C6, and T12 upon initial presentation. Sequential surgeries
and radiotherapy were performed for these lesions, and postoperative histological diagnosis revealed that all lesions were
chondroid chordomas. Next-generation sequencing revealed that these lesions harbored a common somatic mutation in epidermal growth factor receptor (EGFR), c.3617A>C, which is not considered a pathogenic chordoma mutation, thus indicating that
these lesions were not multicentric but rather multiple metastatic tumors. Subsequent multiple metastases to the lung and
appendicular and axial bones were detected 15 months after the initial surgery. Recurrent lesions at the clivus progressed despite
EGFR-targeted therapy, surgery, and radiotherapy. Conclusion. The present evidence indicates that multiple chordomas in this
case were caused by multiple metastases rather than multicentric lesions. Multiple presentations of chordoma imply systemic
dissemination of tumor cells, and novel eﬃcient systemic therapy is required to treat this disease.

1. Introduction
Chordomas are rare malignant bone tumors, arising predominantly at the axial skeleton. Consequently, they are
believed to originate from remnants of the embryonal notochord [1]. Chordoma incidence rates were reported to be
0.18 to 0.84 per million people annually, and there are

diﬀerences between races [2]. As for the anatomical distribution of chordoma, the sacrococcygeal region and skull
base are aﬀected in 26–32% and 29–45% of cases, respectively, and the mobile spine can also be aﬀected. Chordoma
is a locally aggressive tumor, and the reported local recurrence after surgery is 40–70% [3, 4]. Furthermore, chordoma
tends to metastasize at rates of 18–30%, mainly to the lungs
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and bones as well as other organs [5, 6]. Chondroid chordoma is one type of chordoma, accounting for 14% of all
chordomas. Chondroid chordoma is reported to have a
better prognosis than conventional chordoma [7].
Multicentric chordomas with synchronous multiple
presentations at ﬁrst diagnosis have been rarely reported
[8–10]. Methods for distinction between multicentric or
metastatic multiple chordoma tumors have not yet been
established.
Herein, we describe a case of multiple chondroid
chordomas arising at the clivus, cervical vertebra, and
thoracic vertebra. These lesions shared a common somatic
mutation of the epidermal growth factor receptor (EGFR).
This is the ﬁrst report to describe the successful use of genetic
testing to reveal that the multiple chordomas were not
multicentric, but metastatic.

2. Case Presentation
A 57-year-old woman presented with neck pain in May 2017
after diagnosis of chondroid chordoma in the clivus by
transaural biopsy at another hospital. The tumor mainly
showed conventional histology, namely, epithelioid to
spindle cells arranged in anastomosing cords and nests in a
myxoid matrix (Figure 1(a), left side). In addition, the tumor
partly showed chondroid histology, i.e., singly arranged
tumor cells within the chondroid matrix (Figure 1(a), right
side). Immunohistochemically, tumor cells in both areas
were positive for AE1/3, epithelial membrane antigen
(EMA), S100, and Brachyury (Figure 1(b)). Positron
emission tomography (PET) and magnetic resonance imaging (MRI) of the whole spine revealed lesions at C6 and
T12 (Figures 2 and 3). After a multidisciplinary conference,
surgeries for each lesion were sequentially performed.
Transnasal endoscopic resection and adjuvant gamma-knife
treatment (18 Gy) were carried out for the clival tumor.
Vertebrectomy and additional carbon ion radiotherapy
(CIRT) (64 Gy/16 fr) were performed for the lesion at C6
because of intralesional resection. Total en-bloc spondylectomy and adjuvant conventional external beam radiotherapy (50 Gy/25 fr) were carried out for the lesion at T12
because of the proximity to the tumor margin. Postoperative
histological analysis revealed that all tumors were chondroid
chordomas. Multiple bone metastases, including T3, 7th rib,
and ilium, occurred 15 months after the ﬁrst treatment, and
CIRT (57.6 Gy/12 fr) was conducted for the T3 metastasis.
Multiple lung metastases were observed 2 months later.
Targeted next-generation sequencing (NGS) was performed after informed consent had been obtained. Genomic DNA and RNA were extracted from paraﬃnembedded tissue from each tumor, and peripheral
blood lymphocytes were used as a source of control DNA.
Genomic DNA was subjected to enrichment of target
fragments using the SureSelectXT Custom Kit (Agilent
Technologies, Santa Clara, CA). The quality of extracted
RNA was veriﬁed, and cDNA synthesis and library preparation for junction capture were conducted using the
SureSelect RNA Capture Kit (Agilent Technologies).
Custom-made probes for our Todai OncoPanel (TOP) were
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designed to hybridize and capture the exons of 463 cancerrelated genes and 464 cancer-related fusion genes [11].
Massively parallel sequencing of the isolated fragments was
performed with the NextSeq 500 platform (Illumina, San
Diego, CA). We detected somatic single-nucleotide mutations, insertions/deletions, and copy number variations
by comparison of tumor and normal reads, and gene fusions. NGS analysis using TOP identiﬁed ﬁve, four, and
four somatic mutations in tumor samples of clivus, C6, and
T12, which were sequenced with mean depths of 1723,
1331, and 927, respectively. Tumor mutation burden was
1.24, 1.00, and 1.00/Mb in each tumor, respectively, and all
detected gene mutations were not present in the germline
genome. A nonsynonymous mutation of EGFR
(c.3617A>C) was detected in all three tumors, and a
pathogenic STAG2 mutation (COSV54355049) was detected in the tumor of C6 (Table 1). In addition, one
synonymous mutation was identiﬁed between the tumor
samples of clivus and C6, and clivus and T12, respectively.
Systemic treatment with afatinib, an ErbB receptor family
blocker, failed; 5 months after treatment, progression of
disease at the clivus and pulmonary metastases was observed. Repeated transnasal endoscopic resection, gammaknife treatment, and craniotomy for tumor resection were
performed for the local recurrence of clival tumors.
However, tumor progression caused hydrocephaly and
compression of the brainstem, resulting in deterioration of
consciousness 30 months after the ﬁrst treatment.

3. Discussion
We report a case of multiple chordomas of the neuraxial
bone with a common somatic mutation. Although there has
been no evidence regarding whether multiple chordomas are
multicentric or metastatic tumors, in the current case, genetic testing indicated that the multiple chordomas were
metastatic tumors.
Multiple chordomas involving the neuraxial bone have
been enigmatic, and there have been two hypotheses proposing a multicentric or, alternatively, a metastatic nature of
the tumor. The mechanism of malignant transformation is
not well understood. Multicentric chordoma is thought to
develop simultaneously from multiple neuraxial lesions. In
support of the multicentricity hypothesis, chordoma is believed to originate from remnants of the embryonal notochord, and metachronous lesions can occur at neuraxial
bones. Furthermore, wide dissemination, including that in
the appendicular skeleton and lung, should be screened if the
tumors located at multiple neuraxial skeletons are not
multicentric but multiple metastatic lesions [9, 10]. Therefore, multiple chordomas at neuraxial bones without other
lesions at the appendicular skeleton or pulmonary lesions
are thought to be multicentric lesions. As for the metastasis
hypothesis, Sebro et al. reported that additional lesions in the
axial spine are uncommon but not rare; these were detected
in 17% of the patients with chordomas and were detected
frequently in patients with pulmonary metastases, indicating
that multiple chordoma lesions are probably metastatic
rather than metachronous [12]. Similar to the report of Sebro
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(a)

(b)

Figure 1: Histopathology of the tumor resected from the skull base of the patient. (a) Hematoxylin and eosin and (b) positive expression of
Brachyury in the nucleus of tumor cells.

(a)

(b)

Figure 2: 18F-FDG-PET/CT scan at ﬁrst presentation. 18FDG uptake in (a) skull base and C6 and (b) T12.

et al., pulmonary and appendicular bone metastases
appeared during the course of treatment in our case.
Targeted genome sequencing revealed a common somatic mutation of EGFR in all three lesions in the clivus,
cervical, and thoracic vertebra. As for the genomic landscape
of sporadic chordoma, loss of CDKN2A, duplication of T
(encoding Brachyury), PI3K signaling-related genes, and
inactivating mutations of LYST (a lysosomal regulator gene)
have been reported. Our targeted gene panel (Todai
OncoPanel) did not include T and LYST, and loss of
CDKN2A or mutations of PI3K signaling genes was not
observed in our case. Somatic mutation of EGFR has not
been reported previously in chordoma cases [13, 14], and the
EGFR mutation (c.3617A>C) detected in the current case is

not included in the COSMIC (Catalogue of Somatic Mutations in Cancer) database. Furthermore, this EGFR mutation (c.3617A>C) was located within the C-terminal
domain of EGFR (E1206A), downstream of the tyrosine
kinase domain. These results indicate that the detected EGFR
mutation is probably not pathogenic, and the three lesions
sharing this mutation could be of the same origin. As
chondroid chordoma preferentially occurs at the skull base
[7, 15], the clival tumor could be a primary lesion and the
others metastatic lesions.
Interestingly, a pathogenic mutation of STAG2 was
observed in our case. STAG2 encodes the cohesin subunit
SA-2 (SA2), which is a component of the cohesion multiprotein complex, and plays an important role in sister

4

Case Reports in Genetics

(a)

(b)

(d)

(c)
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Figure 3: MRI at ﬁrst presentation. (a) Sagittal image of tumors at skull base and C6, axial image of tumor at (b) skull base and (c) C6, and
(d) sagittal and (e) axial images of the tumor at T12.
Table 1: Nonsynonymous somatic mutations and fusion gene.
Location
Mutation

Clivus
EGFR
c.3617A>C
LPP-MBNL1

C6
EGFR c.3617A>C

T12
EGFR
c.3617A>C

STAG2
c.3724C>T

chromatin cohesion, homologous recombination, and DNA
looping [16, 17]. Mutation of STAG2 has been commonly
observed in nonmuscle invasive bladder cancer and reported
as a predictor of lower recurrence [18]. However, in Ewing
sarcoma, the second most common primary bone sarcoma,
tumors with a STAG2 mutation are reported as having a
dismal prognosis [19]. A previous study of advanced
chordoma cases did not detect STAG2 mutations [20];
however, this may be due to the limited number of cases.
Further analysis is required to establish whether the STAG2
mutation can be a prognostic biomarker for chordoma.
Surgical resection is a mainstay in the treatment of
chordomas, and resection with adjuvant radiation therapy is
performed in cases when en-bloc resection cannot be
achieved or the surgical margin is close to the tumor
[4, 21–23]. Furthermore, CIRT and proton therapy are
carried out for the treatment of recurrent cases, cases that are
unresectable because of the anatomical location, or in cases
of functional loss after resection [24, 25]. In advanced cases
that are not amenable to surgery or radiotherapy, systemic

therapy is required. However, cytotoxic chemotherapy, including anthracyclines, cisplatin, and alkylating agents, has
limited eﬃcacy [26–29]. With regard to molecular targeted
therapy, several phase 2 trials, including those of lapatinib
(anti-EGFR), imatinib (anti-PDGFR), sorafenib (antiangiogenic), and dasatinib (anti-PDGFR), reported modest
eﬃcacy of these agents with 6-month progression-free
survival rates of 50–85% [30–33]. A recent study revealed
that afatinib (anti-EGFR and anti-HER2) displayed antitumor activity across a chordoma panel in vitro as well as in an
in vivo chordoma model [34], and a European phase 2 trial is
underway. In the current case, treatment with afatinib did
not delay tumor progression. Chordoma was recently reported to harbor genomic alterations associated with defective homologous recombination DNA repair and a
mutational signature of homologous recombination deﬁciency, suggestive of potential PARP inhibitor treatment
eﬃcacy [20]. Immunotherapy, including immune checkpoint inhibitors, has been administered to a few subjects
with advanced chordoma, and promising results were reported even in the case of low mutation burden [35]. The
exact mechanism, biomarkers, and epitopes remain unknown, and further investigation is warranted. Furthermore,
cellular therapy combined with monoclonal agents to facilitate antibody-dependent cellular cytotoxicity is expected
to be an eﬃcient therapeutic approach for chordoma [36].
To overcome this cumbersome disease, further research and
novel approaches are required.

Case Reports in Genetics

5

4. Conclusions
In conclusion, we presented a case of multiple chondroid
chordomas with a common somatic mutation of EGFR, and
evidence indicated that the multiple chordomas were caused
by metastases. Thus, the appropriate therapeutic strategy
must be selected for patients with multiple chordomas of
disseminated metastatic nature. The current cytotoxic
chemotherapy and molecular targeted therapy approaches
have limited eﬃcacy, and novel molecular and immunebased therapies are required for the management of this
diﬃcult neoplasm.
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