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Abstract. Chordoma is a sporadic type of cancer that affects 
the spine and is particularly challenging to treat due to the 
paucity of reported cases and scientific literature. In particular, 
primary chordomas affecting both the sacral and thoracic 
vertebrae are extremely rare. We herein report a rare case of 
chordoma in the sacral and thoracic vertebrae with pulmonary 
metastasis, along with a literature review. The objective of the 
present study was to explore treatment options and long‑term 
outcomes in patients with metastatic chordoma. Posterior 
decompression was performed for the thoracic tumor, followed 
by extended resection of the sacral tumor. The symptoms of 
the patient were relieved after surgery, and the postoperative 
Nurick score decreased from grade 3 to grade 2, while the 
postoperative McCormick score was I. Therefore, complete 
chordoma excision and internal spinal fixation may effectively 
reduce tumor recurrence and metastasis.

Introduction

Chordoma is a rare malignancy with an incidence rate of 
0.8‑5/100,000 per year (1‑4). Chordomas account for 1‑4% 
of all bone malignancies and are predominant in men and in 
the 50‑70 years age group (1,5). Based on histological char‑
acteristics, chordomas may be subclassified into the typical, 
chondroid and dedifferentiated types. Chordomas arise from 
undifferentiated remnant cells of the embryonal notochord 
that reside within the axial skeleton (1). Although the mecha‑
nism underlying their malignant transformation is largely 

unclear, mutations in the brachyury gene have been frequently 
detected in chordoma patients (6). Furthermore, 50‑60% of 
the tumors occur in the sacrococcygeal region, 25‑35% at the 
skull base and 10‑15% in the mobile spine (7). The clinical 
manifestations of chordoma depend on tumor location and 
invasion, and typically include radiculopathy, deeply localized 
pain and neurological deficits. Computed tomography (CT) 
and magnetic resonance imaging  (MRI) are the preferred 
methods for determining chordoma extension into the bone 
and adjacent soft tissues. The tumor masses appear as lytic 
lesions and may contain areas of calcification on CT scans, 
and as iso‑ to hypointense on T1‑weighted MRI and hyperin‑
tense on T2‑weighted MRI (1,5). The most effective treatment 
is surgical excision, although it is technically challenging 
due to the complex anatomical structure of the affected sites. 
Therefore, postoperative complications and recurrence are 
common, and the local recurrence rate is as high as 43‑85% (8), 
whereas only 5% of the tumors metastasize, typically to the 
lung, bone or brain. Pulmonary metastasis of primary sacral 
and thoracic chordomas is rare. The aim of the present study 
was to describe a rare case of sacral and thoracic vertebral 
chordoma with pulmonary metastasis, and to review the 
available literature on chordomas of the thoracolumbar spine.

Case report

A 73‑year‑old man presented at the Department of Orthopedic 
Surgery of the Second Affiliated Hospital of Inner Mongolia 
Medical University in June 2018 with intermittent lumbo‑
sacral pain and root pain of the lower limbs, which severely 
affected his gait and gradually led to difficulty in defecating 
and urinating. On inspection and palpation, a large soft tissue 
mass was identified in the lumbosacral area. The patient had 
been manifesting the symptoms for 8 years, and the lower back 
pain had progressed in the preceding 2 years. The patient had 
also undergone rectostomy and indwelling catheterization for 
incontinence 2 years prior. The preoperative Nurick grade and 
McCormick score were 3 and II, respectively. Thoracolumbar 
CT and MRI examinations revealed bone destruction of the 
right medial wall of the spinal canal and right pedicle of the 
T11 vertebra, protrusion of the soft tissue mass into the spinal 
canal, with dural sac compression and shift to the left (Fig. 1). 
In addition, bone dissolution was observed below the S2 level, 
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along with a 14x13x12.6‑cm round soft tissue mass with a 
clear boundary, and an irregular calcified spot (Fig. 2A‑D). 
Pelvic angiography revealed abundant blood supply to the 
tumor (Fig. 2E). Furthermore, pulmonary CT scan revealed 
multiple dense nodules with a smooth border, with a maximum 
diameter of ~0.95 cm, in both lungs (Fig. 2F). The patient also 
presented with hypertension, first‑degree atrioventricular block 
and cerebral infarction sequelae. Based on these findings, a 
diagnostic biopsy was recommended.

Sacral needle biopsy, hematoxylin‑eosin and immuno‑
histochemical staining confirmed the diagnosis of chordoma 
positive for AE1/AE3, S100 and cytokeratin (CK)8/18 expres‑
sion (Fig. 3A‑C). Accordingly, the tumor mass in the thoracic 
vertebrae was considered to be metastatic chordoma. However, 
due to the risk of spinal cord injury, puncture biopsies of 
the thoracic vertebral tumor were not performed. Posterior 
laminectomy and tumor curettage were used on the thoracic 
vertebrae (Fig. 4A and B). On histopathological examination, 
the T11 vertebral specimen exhibited cytoplasmic vacuolation 
(Fig. 3D), and was positive for epithelial membrane antigen and 
CK19 (Fig. 3E and F), and negative for CK7 and chromogranin 
A expression, findings that were indicative of chordoma.

The posterior median spinous process of the lumbosacral 
spine (L3‑S1, ~20 cm) were removed, and the L4‑S1 bilateral 
lamina, superior and inferior articular processes, bilateral 
iliac wings and positioning needle were exposed. Four pedicle 
screws were fastened into both sides of L4 and L5. An inverted 
‘Y’ incision was extended to the distal end to reveal the poste‑
rior sacrococcyx and sacroiliac joint, and the sacral mass was 
extensively resected. Two iliac screws were fastened down‑
wards on both sides at the S1 level, and the connecting rods 
were installed on the left and right sides, followed by locking 
and fixing the nuts (Fig. 4C‑G). The volume of intraoperative 
blood loss was ~3,000 ml. The patient did not receive any 
chemotherapy or radiotherapy after surgery, and the pulmo‑
nary X‑ray at the 24‑month follow‑up revealed stable disease 
(Fig. 5A). In addition, X‑ray and CT examination revealed 
stable internal fixation of the spine, and there was no clinical 
or radiological evidence of local recurrence or metastasis 
(Fig. 5B‑F). The patient achieved good spine stabilization and 
was able to walk and perform daily activities without assis‑
tance. The postoperative Nurick score decreased from grade 3 
to grade 2, and the postoperative McCormick grade was I. On 
the last follow‑up (June 2020) the patient was in good overall 
condition with good mobility, and the lung lesions were stable. 
Computed tomography reconstruction of the thoracic vertebra 
and pelvis revealed no loosening or fracture in the internal 
fixation, and no local tumor recurrence.

Discussion

Chordomas are slow‑growing, low‑to‑intermediate‑grade 
tumors that are often diagnosed at an advanced stage with 
significant bony destruction and soft tissue invasion  (1,5). 
Chordomas may be falsely diagnosed as relatively benign 
tumors, and their resection may be challenging due to their 
high invasiveness. Therefore, chordoma resection is associ‑
ated with a high risk of morbidity and mortality. In addition, 
the epidemiology of chordoma is unclear (9), particularly as 
regards its incidence rates and the most frequently affected 

parts of the axial skeleton (10,11). This is clinically significant, 
since the symptoms and treatment strategies of chordoma 
largely depend on its anatomical location (12,13).

Pain is the most common symptom of chordoma. 
Furthermore, spinal cord or nerve root compression may result 
in neurological symptoms, whereas nerve root involvement in 
the sacrum leads to bowel and bladder dysfunction, including 
incontinence  (14). Although CT and MRI may be used to 
determine the extent of chordoma lesions and facilitate surgical 
planning, pathological examination following puncture biopsy 
is the gold standard for diagnosing chordoma. Complete 
surgical resection with negative margins may effectively reduce 
the risk of local recurrence and distant metastasis (15,16). Our 
patient had been experiencing intermittent lumbosacral pain 
and root pain of the lower limbs over the previous 2 years, and 
eventually developed incontinence. CT and MRI examination 
revealed bone destruction of the right medial wall of the spinal 
canal and right pedicle of the T11 vertebra, and a soft tissue 
mass with well‑defined boundaries protruding into the spinal 
canal, resulting in dural sac compression. Therefore, poste‑
rior decompression of the thoracic tumor was performed to 
reduce compression symptoms, and the spine was stabilized 
by intravertebral fixation, followed by extensive sacral tumor 
resection.

The 2020 NCCN guidelines  (17) for the diagnosis and 
treatment of sacrococcygeal or spinal chordomas recommend 
extensive resection of operable lesions. Postoperative radio‑
therapy may be considered if the resection margin is positive 
or if the soft tissue mass is large (>7 cm in largest diameter). 
Surgical resection, whether curative or subtotal, remains 
the gold standard for the treatment of chordoma. It has been 
reported that the recurrence rate of chordomas located in the 
sacrum and spine was 33% following extensive resection and 
67% after intracapsular or marginal resection  (18). Sacral 
chordomas may be classified into proximal and distal types, 
depending on the affected segments; the former involves 
the first and second segments of the sacrum, and the latter 
originates from other segments. A combined anteroposterior 
approach is considered as appropriate for proximal sacrum 
chordoma and the posterior approach for distal sacrum chor‑
doma (19). For S1 or S2 level tumors, resection via the posterior 
approach is considered as adequate and is associated with an 
acceptable risk of surgical complications. However, curative or 
complete resection is difficult to achieve due to invasion of the 
tumor mass into the vertebral body, spinal cord, nerve roots, 
peripheral nerves, or other tissues. Therefore, only 10‑20% 
of chordomas are curable by surgery, and the postoperative 
recurrence rate is high (20).

Radiotherapy is often combined with surgery to improve 
local control. A recent retrospective study reported that the 
5‑year local control and survival rates were 85.4 and 81.9%, 
respectively, in patients without surgical resection of chor‑
doma who were treated by photon or proton radiotherapy (21). 
A chordoma recurrence rate of >90% has been reported 
following subtotal intratumoral resection and radiotherapy, 
which may be attributed to incomplete tumor removal (22). By 
contrast, Park et al demonstrated that local radiotherapy after 
complete resection improved the 5‑ and 10‑year survival rates 
to 93 and 91%, respectively (23). For patients who are not candi‑
dates for surgical intervention due to underlying conditions 
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Figure 2. (A‑D) Computed tomography scan and magnetic resonance imaging showing bone dissolution and destruction below the S2 level, and a 14x13x12.6‑cm 
round soft tissue mass with a clear boundary and irregular spot‑like calcification. (E) Pelvic angiography revealed abundant blood supply to the tumor. (F) Computed 
tomography scan of both lungs showing multiple dense pulmonary metastases with a smooth border, with a maximum diameter of ~0.95 cm (arrows).

Figure 1. (A‑C) Computed tomography and (D‑F) magnetic resonance imaging showing bone destruction of the right medial wall of the spinal canal and right 
pedicle of T11 vertebra, soft tissue mass protrusion into the spinal canal, and dural sac compression and shift to the left (arrows).
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(e.g., compromised renal/cardiac function), radiation therapy 
alone may be warranted. Chen et al (24) reported a 5‑year 
survival rate of 78% with high‑dose radiation in a study on 
patients with chordoma who were not deemed fit for surgery. 
Therefore, an initial tumor debulking surgery followed by 
radiotherapy and chemotherapy, may be a viable strategy. In 
addition, radiotherapy may also be used for inoperable patients.

There is currently no clearly effective drug recommended 
for the systemic treatment of chordoma. Imatinib and sorafenib 
may delay disease progression or partially alleviate symptoms 
in some cases  (25‑29). Erlotinib and apatinib may also be 
administered (30,31). However, conventional chemotherapy is 
not considered as a suitable option for advanced chordomas, 
apart from cases with well‑differentiated tumors (32‑34).

Figure 3. (A‑F) Sacral needle core biopsy of the T11 vertebra. (A and D) Representative images of H&E‑stained sections (magnification, x10 and x40, 
respectively) showing cytoplasmic vacuolation. Representative images of immunohistochemical staining for (B) CK8/18, (C) S‑100, (E) EMA and (F) CK19. 
H&E, hematoxylin and eosin; CK, cytokeratin; EMA, epithelial membrane antigen.

Figure 4. (A and B) Stage I resection of the thoracic intraspinal mass protruding into the spinal canal (arrow) after posterior decompression. (C and D) Stage II 
extended (C) sacral tumor resection with (D) removal of S1 and S2 spaces of the upper boundary of the tumor. (E) The S1 nerve (yellow arrow) and the 
posterior peritoneum of the rectum (white arrow) remained intact after surgery. (F) The resected tumor measured ~14x15 cm. (G) Computed tomography 
with maximum intensity projection image reconstruction after posterior thoracic decompression with screw‑rod internal fixation and sacral tumor resection. 
(H) Inspection of incision healing after surgery. (I) Walking ability was restored 2 weeks after surgery.
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Despite the low risk (5%) of metastasis, the prognosis of 
chordoma remains poor, with 5‑ and 10‑year survival rates of 
50‑68 and 28‑40%, respectively (5). A retrospective analysis 
of 115 patients with sacral chordoma who underwent surgery 
revealed a 5‑year overall survival rate of 81% over a mean 
follow‑up duration of 4.9 years (range, 1.3‑10.8 years). The 
survival rates declined in the initial 3 years and improved in the 
4th year. The effect of surgical margin and prior surgery were 
not correlated linearly with conditional survival (35). Another 
retrospective study on 171 patients with sacral chordoma recur‑
rence indicated metastasis in 17 cases (10.8%), including 5 with 
primary pulmonary metastasis, 3 with bone metastasis (ribs 
and sternum) and 9 with postoperative pulmonary metastasis. 
Of the 14 patients with pulmonary metastases, 9 succumbed to 
the disease, whereas 2 patients with rib metastases underwent 
rib resection and did not develop any new lesions. A patient 
with spinal metastasis underwent tumor removal and decom‑
pression, followed by a second surgery upon recurred in the 
spine. Furthermore, local recurrence was identified as the only 
significant risk factor for metastasis (36).

Based on the findings of the present case and those of 
previous studies, it may be inferred that local progression 
and recurrence are the most crucial prognostic factors of 
chordoma. In addition, the extent of the initial surgical 
resection is also prognostically significant. It was previously 
reported that age, sex, treatment history, tumor location, 
pathological grade, surgical margin, radiotherapy and 

chemotherapy affect the long‑term prognosis of chordoma 
patients  (37). In the same cohort, younger age (pediatric 
group), sacral location, dedifferentiated tumors and chemo‑
therapy were identified as independent risk factors of shorter 
progression‑free survival, whereas larger tumor size and 
tumor necrosis have also been implicated as negative prog‑
nostic factors (7).

Lumbosacral chordoma with pulmonary metastasis is 
difficult to treat due to its anatomical location and high risk of 
local recurrence. The case presented herein demonstrated that 
radical surgery may effectively control the local recurrence 
or distant metastasis of chordoma, whereas the combination 
of surgery and postoperative adjuvant therapy may further 
improve patient outcomes.
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