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Chordomas are rare and aggressive primary malig-
nancies derived from notochord renmants.11 De-
spite the lesion’s slow expansion rate, the tumor 

is often quite large when first discovered, which results 
in difficulties in the surgical treatment and sometimes 
leads to a high local recurrence rate and a poor survival 
rate.2,27 Cervical chordomas growing in a highly risky 
anatomical region, although rare (approximately 5% of 

all chordomas), pose a challenge to surgeons performing 
en bloc resection or even complete excision.7,35,36 Single 
case reports represents most of the literature on cervical 
chordomas, but a small portion of the literature compris-
es small series or cases included in general reviews of 
spinal lesions. It follows, then, that paucity of available 
clinical evidence hinders clinicians in treatment planning 
and prognosis predictions.

Primary chordomas of the cervical spine: a consecutive  
series of 14 surgically managed cases 

Clinical article

Yu Wang, M.D.,1 Jianru Xiao, M.D.,1 Zhipeng Wu, M.D.,1 Quan huang, M.D.,1  
WenDing huang, M.D.,1 Qing Zhu, M.D.,1 ZaiJun Lin, M.D.,1 anD LiangZhe Wang, M.D.2

1The Spinal Tumor Center and 2Department of Pathology, Changzheng Hospital, Second Military Medical 
University, Shanghai, China

Object. Cervical chordomas are rare lesions and usually bring about challenges in treatment planning because 
of their wide extension and complicated adjacent anatomy. There are few large published series at present focusing 
on cervical chordomas. The authors studied a consecutive series of 14 patients with primary cervical chordomas 
who underwent surgical treatment and were observed between 1989 and 2008. By reviewing the clinical patterns 
and follow-up data, they sought to investigate the clinical characters, tailor the appropriate surgical techniques, and 
establish prognosis factors for cervical chordomas.

Methods. Hospitalization and follow-up data in the 14 patients were collected. All patients underwent piecemeal 
tumor excision and reconstruction for stability; total spondylectomy was achieved in 5 cases. Postoperative radio-
therapy was administered in all patients. Kaplan-Meier plots were used to represent tumor recurrence and patient 
survival, and log-rank testing was used to determine the risk factors of local recurrence.

Results. Follow-up ranged from 8 to 120 months (mean 58.6 months). Symptom and neural status in most pa-
tients improved after surgery. The 1- and 5-year disease-free survival rates were 78.6% and 50%, respectively, and the 
1- and 5-year survival rates were 92.9% and 85.7%, respectively. Log-rank tests revealed that the following variables 
were significantly associated with a high rate of tumor recurrence: age less than 40 years or greater than 70 years (p 
= 0.006) and an upper cervical tumor location (p = 0.019).

Conclusions. Chordomas in the cervical spine are usually neoplasms that exhibit insidious growth and a wide 
extension by the time of diagnosis. Radical intralesional debulking surgery and postoperative radiotherapy have been 
effective treatment. A limited application of en bloc tumor resection and the highly likely intraoperative intralesional 
tumor seeding may partially explain the high local recurrence rate, whereas the chance of distant metastases, fortu-
nately, is very low. Most recurrence were documented within 3 years. Some specific surgical techniques should be 
emphasized to minimize tumor seeding. Patients with upper cervical chordomas, younger adults, and elderly adults 
have worse prognosis. For patients with chordoma extending to both the anterior and posterior spinal columns, total 
spondylectomy combined with piecemeal excision is recommended for a better prognosis.
(http://thejns.org/doi/abs/10.3171/2012.7.SPINE12175)
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Abbreviation used in this paper: WBB = Weinstein-Boriani-
Biagini. 

This article contains some figures that are displayed in color 
on line but in black-and-white in the print edition. 
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In the present study, we retrospectively reviewed 14 
consecutive patients with primary cervical chordomas 
surgically treated in our institute from 1989 to 2008. 
Clinical data obtained from medical records and follow-
up results are presented in an attempt to explore the clini-
cal characters, surgical technique, and prognosis-predict-
ing factors for cervical chordomas.

Methods
Epidemiology

A total of 14 patients (8 males and 6 females, mean 
age 54.2 years [range 17–74 years]) were included in this 
series. In 5 patients lesions involved the upper cervical 
spine (C1–2), and in 9 patients lesions involved the lower 
cervical spine. The tumor was limited to 1 vertebral level 
in 10 patients and multiple levels in 4 (2 levels in 3 pa-
tients and 5 levels in 1 patient). All patients had primary 
tumors, and none had a history of surgical treatment.

Preoperative atypical symptoms were present for 
1–12 months (mean 6.1 months). Progressive pain in the 
neck, shoulders, or upper limbs was the most common 
complaint (in 92.9% or 13 of 14 patients), among which 
radicular pain occurred in 8 patients (57.1%). Seven pa-
tients (50%) experienced aggravated pain at nighttime. 
Additionally, symptoms of cord compression, at different 
degrees, were observed in 10 patients (71.4%), 2 of whom 
had paraplegia. Two patients (Cases 1 and 10) presented 
with dysphagia, and 1 patient (Case 11) presented with 
neck stiffness (Table 1).

The neurological status of all the patients was eval-
uated and classified according to the following 5-point 
scheme: Grade 1, normal ambulation; Grade 2, bilateral 
lower-extremity weakness with the ability to ambulate 
not requiring assistance; Grade 3, bilateral lower-extrem-
ity weakness with the ability to ambulate requiring assis-
tance; Grade 4, inability to ambulate with movable lower 
extremities; and Grade 5, paraplegia (Table 1).37

Imaging and Staging
Plain radiographs, CT scans, and MR images were 

acquired in all cases. Radiographically documented bone 
destruction or erosion was observed in 8 patients. Com-
puted tomography detected collapsed vertebrae in 5 pa-
tients and subluxation of the local cervical spine in 3 pa-
tients. Magnetic resonance imaging is the best modality 
for detecting tumors at present. On T1-weighted images 
tumors were isointense (8 cases) or hypointense (6 cases), 
while on T2-weighted images, all lesions were hyperin-
tense. All patients had perivertebral soft-tissue involve-
ment of the tumor, and the vertebral artery was involved 
in 10 cases (71.4%), among which 3 of the arteries were 
encased.

The extension of the tumors was determined using 
the WBB classification,9 which bases its classification of 
layers and zones on CT and MRI findings. As a result, the 
tumors in most cases involved Layers A–D, with only 1 
lesion extended to Layers A –C. The lesions were found to 
involve only the anterior column (Zones 4–9) in 6 cases 
(42.9%), whereas they extending to both the anterior and 
the posterior columns in 8 cases (57.1%).

Treatment
Surgical planning was based on tumor extension ac-

cording to the WBB system and a patient’s general health 
status. In the 8 patients with both the anterior and the 
posterior elements involved, a combined anterior-posteri-
or approach was used for tumor resection and spinal re-
construction in 7 patients, and an anterior approach was 
used in the remaining patient because of his poor health 
status. The anterior approach was used for tumor resec-
tion in the 6 patients with anterior column involvement, 
with 3 of these 6 patients also requiring a posterior ap-
proach for reconstruction. Of 5 patients with upper cervi-
cal chordomas, the transoral approach was employed in 
1 and the extraoral approach (retropharyngeal approach) 
in 4. All the surgeries were completed in 1 stage. Total 
spondylectomy combined with piecemeal excision was 
performed in 5 cases (Figs. 1 and 2 show total spondylec-
tomy in 2 cases). Complete tumor removal was achieved 
in 12 cases, whereas tumor remnants were detected on 
postoperative MRI in 2 patients (Cases 1 and 9).

Patients with lower cervical spine chordomas un-
derwent anterior reconstruction (titanium mesh cage and 
titanium locking plate) and posterior reconstruction (ped-
icle screw system). Of the 5 patients with upper cervi-
cal chordomas, an anterior titanium mesh cage combined 
with a titanium locking plate was applied only in 1 pa-
tient (Case 9 [as only the anterior approach was adopted 
for this patient]), whereas occipitocervical fusion (bone 
graft combined with occipitocervical internal fixation) 
was undertaken in 3 patients and pure occipitocervical 
internal fixation in 1 patient. During the reconstruction 
for vertebral stability, anterior titanium mesh filled with 
bone cement was used to replace the vertebral body in 6 
patients, and titanium mesh filled with autogenous bone 
was used in 4 patients.

All patients underwent adjuvant radiation therapy 
postoperatively. The total radiation dose ranged from 44 
to 80 Gy (mean 63.7 Gy) (Table 1). Chemotherapy was not 
administered in any case.

Pathology
Histological diagnoses were established in all cases 

during or after surgery; in all cases conventional chor-
domas were demonstrated. Neither chondroid chordomas 
nor dedifferentiated lesions were seen.

Clinical Follow-Up
Postoperative radiography, CT, and MRI studies 

were acquired in all cases to monitor spinal instability or 
fusion and the existence of tumor remnant, local recur-
rence, or metastasis. Conventional studies were obtained 
3, 6, and 12 months after surgery during the 1st year, 
every 6 months for the following 2 years, and annually 
thereafter for the rest of each patient’s life. Follow-up data 
were obtained through office visits and telephone inter-
views. Neurological status and other clinical symptoms 
were evaluated 2–3 months after surgeries. Results were 
established after the last operation for patients who un-
derwent multiple surgeries in this study.
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Statistical Analysis
Survivorship analysis was conducted. Kaplan-Meier 

plots were used to determine the tumor recurrence and 
patient survival. In establishing risk factors for tumor re-
currence, the independent variables were as follows: age 
when first diagnosed; sex; tumor location (upper cervi-
cal or lower cervical spine); tumor extension (single or 
multiple vertebrae, only anterior column, or 2 columns 
involved, anatomical relationship with the vertebral ar-
tery); the 5-point scale before surgery; the surgical mode, 
and radiotherapy dose. The dependent variable was the 
patient’s postoperative continuous disease-free survival 
time. The log-rank test was used to perform statistical 
analysis. All statistical analyses were performed using 
SPSS (version 16.0, IBM). Statistical significance was set 
at p < 0.05.

Results
Intraoperative blood loss ranged from 300 to 1600 

ml (mean 1042.9 ml), and the operative durations ranged 

from 2.5 to 5.7 hours (mean 4.25 hours). The bone graft 
fusion rate was 100%, and no instances of spinal instabil-
ity were observed. No patient died during the surgeries. 
During the follow-up visit 2–3 months after the last sur-
gery, the 10 patients who presented with cord compres-
sion had neurological scores (using the 5-point scheme) 
that had diminished by 1–3 grades (Table 1). Other symp-
toms, such as neck pain, radicular pain, and dysphagia in 
all patients, were also relieved to different degrees after 
the last operation.

Complications
No intraoperative complications occurred. Postop-

eratively, 1 patient (Case 9) suffered a lung infection and 
delirium and recovered after treatment, while another 
patient (Case 11) complained of left shoulder weakness, 
which may have been precipitated by the traction of the 
nerve root during the operation, but the weakness re-
solved within 2 months. In both cases of postoperative 
complications, the patients were over 70 years of age.

Local Control and Survival
All the patients underwent follow-up for a duration 

Fig. 1. Case 8. Studies obtained in a 61-year-old-woman with a huge 
primary chordoma of C-4. Sagittal MR image (A) and axial CT scan (B) 
showing a huge mass on the C-4 vertebra, bilateral pedicles, and left 
lamina, with the lesion extending into the spinal canal and encasing the 
vertebral artery bilaterally. A combined anterior-posterior approach with 
a total spondylectomy was performed in 1 stage. A titanium plate and a 
titanium mesh cage filled with bone cement were used for anterior re-
construction, and pedicle screws and rods were applied in the posterior 
approach (C and D). The patient was followed up for 6 years and no 
tumor recurrence was observed.

Fig. 2. Case 6. Studies obtained in a 64-year-old man with a huge 
primary chordoma of C-3. Sagittal (A) and axial (B) MR images show-
ing that the neoplasm invaded both the vertebral body and posterior 
elements and formed a large perivertebral mass. A combined anteri-
or-posterior approach with a total spondylectomy was performed in 1 
stage. A titanium plate and a titanium mesh cage filled with bone ce-
ment were used for anterior reconstruction, and pedicle screws and 
rods were applied for the reconstruction of the spine (C and D).
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ranging from 8 to 120 months (mean 58.6 months). Lo-
cal tumor recurrence was documented in 8 (57.1%) of 14 
patients, and no metastasis was demonstrated. Tumor re-
currences were noted during follow-up examination 6–84 
months (mean 29.9 months) after the first surgery at our 
institute; the 1- and 5-year disease-free survival rates 
were 78.6% and 50%, respectively (Fig. 3 upper). Among 
patients with tumor recurrence, one (Case 6) underwent 
further surgery but, unfortunately, tumor recurrence was 
again observed after the operation. Another patient (Case 
9) underwent 2 further surgeries but died shortly after the 
second operation. Three patients (Cases 1, 2, and 5) re-
ceived further adjusted radiation therapy, and the tumors 
were reduced in size in Cases 1 and 2, whereas the lesion 
remain unchanged in Case 5.

At the end of the follow-up, 2 patients had unfortu-
nately died: one patient (Case 9) died of the postoperative 
pulmonary infection, and the other (Case 7) died of local 
recurrence and tumor extension. The survival durations 
of these 2 patients after the first surgery in our institute 
were 8 (Case 7) and 18 (Case 9) months, and 1- and 5-year 
survival rates were 92.9% and 85.7%, respectively (Fig. 3 
lower).

The results of the log-rank test indicated that there 
were 2 significant contributors to tumor local recurrence: 
1) the younger age (< 40 years) or the older age (> 70 

years) (p = 0.006); and 2) upper cervical location (p = 
0.019) (Fig. 4). Not significantly associated with tumor 
recurrence were the following: sex, tumor extension, the 
5-point scale before surgery, and surgical mode and ra-
diotherapy dose.

Discussion
Studies on rare cervical chordomas23,28 are helpful in 

revealing clinical characters of the tumor, which further 
provide evidence for diagnosis and treatment of this dis-
ease. In 14 patients included in the present study, the mean 
age (± SD) of the patients was 54.2 ± 16.8 years. It is tra-
ditionally believed that the age of patients with chordoma 
typically ranges from 50 to 70 years,15,17,32 but the age of 
50% of our patients is not consistent with this range. This 
discrepancy may imply that the age range is not as strict 
as previously thought. In our series, the size of the tumors 
was usually massive when diagnosed: tumors spanning 
multiple vertebral levels were seen in 4 cases, and tumors 
extending into both the anterior and posterior column (ac-
cording to WBBwerestage) were found in 8 cases; all the 
lesions invaded the perivertebral soft tissue, and the ver-
tebral artery was affected in 10 cases. However, the mean 
prediagnosis duration of symptoms was relatively short—
just 6.6 months. Moreover, chordomas are thought to be 
slow-growing tumors. Thus, chordomas, especially those 

Fig. 3. Graphs of Kaplan-Meier analyses showing the disease-free 
survival rate (upper) and the survival rate (lower) in a series of 14 pa-
tients. 

Fig. 4. Graphs of log-rank test results demonstrating the disease-
free survival curve based on age (upper) and tumor location (lower).
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affecting the cervical spine, represent insidious tumors. 
The reported metastatic rate of chordomas ranges from 
10% to 48%.11,14,18 These metastases are usually accompa-
nied by sacrococcygeal chordomas. We found no distant 
or neuraxis metastases in this series, even in patients with 
longer-term follow-up. This may be another specific fea-
ture of cervical chordomas.

The Kaplan-Meier estimates indicated a 5-year dis-
ease-free survival rate and a 5-year survival rate of 50% 
and 85.7%, respectively, and they demonstrated that most 
recurrence events appeared within 3 years of initial sur-
geries. This information may support the need for more 
frequent follow-up in the initial 3 years postoperatively. 
However, 1 patient (Case 14) suffered a local tumor recur-
rence in the 7th year after the initial surgery. Late tumor 
recurrences have also been reported by other authors,8,23 
indicating that long-term follow-up evaluations are neces-
sary for patients with cervical chordomas. No patients in 
our series underwent en bloc tumor resection predomi-
nantly for the wide extension of their tumor. Cloyd et al.12 
analyzed 12 cases of cervical chordoma managed with 
en bloc surgery and reported that the 5-year disease-free 
survival rate reached 75% despite a short follow-up peri-
od not exceeding 24 months in 6 of 12 patients. Similarly, 
Molina et al.29 reported a series of cervical chordomas 
managed with en bloc surgery; the 5-year disease-free 
survival rate was 58.3% in an average follow-up period 
of 42 months. Although it has been proven that en bloc 
resection is the most effective procedure for improving 
survival states of chordoma patients,6,8,10,33 this may not 
be the case for patients with cervical chordomas because 
of the risky anatomy in the cervical spine region. Bar-
renechea et al.4 argued that en bloc resection of cervical 
chordomas was not feasible and that intralesional radi-
cal resection remained effective. Leitner et al.24 suggested 
that only small tumors in the vertebral body not expand-
ing into Layer D were suitable for en bloc resection. In 
most en bloc resection case reports,12,29 the predominant 
bias lies in the relatively short follow-up period. Theo-
retically speaking, en bloc resection can maximize the 
removal of the tumor mass to avoid recurrence. However, 
in most cases of widely invading cervical chordomas, a 
wide tumor margin is hard to achieve (wide tumor margin 
was possible in only 2 of 12 cases in the study reported by 
Molina et al.), and the local vertebral arteries and nerve 
roots have to be sacrificed for tumor resection, which 
may lead to a poor postoperative quality of life. In the 
elderly or patients in poor health, severe surgical injuries 
could be a disaster. For instance, the mean blood loss and 
the operative duration in our series were 1042.9 ml and 
4.25 hours, respectively, while they were 2900 ml and 11 
hours, respectively, in en bloc cases in patients reported 
by Cloyd et al.12 Therefore, considering the risk-benefit 
ratio, en bloc tumor resection should only be undertaken 
in patients with cervical chordoma that are limited within 
the vertebral body. In our series, the 5-year disease-free 
survival rate in patients with primary cervical chordo-
mas was 50% (in contrast, it was 58.3% in the en bloc 
resection group reported by Molina et al.), which may 
prove that radical piecemeal tumor resection combined 
with postoperative radiotherapy is an effective approach 

for cervical chordomas. The log-rank test demonstrated 
that upper-level cervical chordomas are related to a worse 
prognosis, which is a finding supported by various reports 
in the literature.29,39 It is well known that clear exposure in 
the upper cervical region is more challenging than in the 
lower cervical region,26,38 and therefore complete resec-
tion of the tumor tissue can be very difficult sometimes 
due to the complicated nearby structures. In our series, 
incomplete tumor removal was detected in 2 patients 
(Cases 1 and 9) in whom tumors were present in the up-
per cervical vertebrae.

A younger age (< 40 years) or an older age (> 70 
years) in chordoma patients was also associated with a 
worse outcome. It is generally believed that the chordo-
mas in childhood and adolescence are more variable his-
tologically and exhibit a more aggressive clinical course 
than those in adults.13,21,25,34 However, recent large series 
studies have indicated that the overall survival rate in pe-
diatric patients with chordomas was no worse than the 
rate in adults and that a dedifferentiated subtype of chor-
doma is significantly associated with a worse progno-
sis.19,31 For chordomas in older patients, Jawad and Scul-
ly,22 in an analysis of 962 patients, demonstrated that age 
greater than 59 years is an independent predictor of poor 
outcome. In our series, all chordomas were shown to be 
histologically conventional. Therefore, the location of the 
tumor, instead of tumor subtype, may play a role in con-
tributing to a worse prognosis in younger elderly adults: 
upper cervical chordomas were present in 3 of 6 patients 
in the group of patients who were less than 40 years or 
greater than 70 years, whereas upper cervical chordomas 
were present in 2 of 8 patients in the 40- to 70-year-old 
group. Despite the aforementioned results, a more exact 
histological subtyping system may be needed for further 
prediction of prognoses.

Although total spondylectomy has been believed to 
be able to permit excision of all likely contaminated bone 
structures, ensuring a radical removal of the neoplasms,1 
this procedure was not significantly related to better local 
recurrence control in the log-rank test. In our series, we 
failed to find any tumor limited to a single anterior col-
umn excised by total spondylectomy. By comparing pa-
tients with tumors extending to both columns in the total 
and subtotal spondylectomy groups, the prognosis in the 
total-spondylectomy group was found to be much better 
than that of the other group (Table 2). This finding im-
plies that total spondylectomy is beneficial for tumors in a 
dual-column location but may be unnecessary for tumors 
limited to a single column, and surgical planning should 
be decided by using the WBB stage.

Based on our observations during surgery, cervical 
chordomas, similar to chordomas located in other re-
gions, are tumors with less vasculature, despite the fact 
that we often encounter heavy bleeding intraoperatively, 
which is probably due to the aggressive extension of the 
neoplasm encasing the surrounding abundant vascula-
tures. Therefore, adequate hemostasis before removing 
the tumor mass is also a key step in total tumor resection. 
Cervical chordomas are relatively fluid compared with 
other solid tumors and can easily break through the bony 
cortex; additionally they are prone to invade the paraver-
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tebral soft tissue. Paravertebral lesions can sometimes be 
much larger than the original vertebral lesion, as exem-
plified in one of our cases. The paravertebral tumor in 
Case 10 expanded from C-4 to T-1. As the tumor spreads 
along the paravertebral muscles, it should be more ame-
nable to total excision of the contaminated muscles even 
if the muscles are not fully invaded by the lesion, as docu-
mented on MRI. The fluidity feature of cervical chordo-
mas makes them capable of seeding in the surgical field, 
which may also partly explain the following: 1) the high 
rate of tumor recurrence; and 2) the larger-size paraver-
tebral lesion observed in recurrent cases. To minimize 
tumor seeding, we usually irrigate the surgical field copi-
ously with cisplatin-containing deionized water and try 
to complete the combined anterior-posterior procedure in 
a single stage.

Unilateral vertebral artery ligation is thought to be 
safe if the bilateral vertebral arteries have been sufficient-
ly assessed preoperatively.3,20 In our series, unilateral ver-
tebral artery ligation was performed in 3 earlier cases and 
no related complications were observed. Nevertheless, we 
began to doubt the value of ligation in our piecemeal tu-
mor excisions; we found that carefully dividing the ver-
tebral arteries from the tumor mass with an operating 
megaloscope under proper exposure was also effective in 
avoiding probable ischemia. Opening the transverse fora-
men and exposing the vertebral artery before resecting 
the chordoma is the key to preserving the vertebral artery.

Considering the malignant nature and high local 
recurrence rate of cervical chordomas, we prefer bone 
cement to autogenous bone for filling anterior titanium 
mesh cages; the substance not only provides immediate 
local stability but also kills potentially remaining tumor 
cells through heat release, thus setting barriers to tumor 
recurrence.

 Several articles have reported that high-dose radio-
therapy for cervical chordomas is effective and safe. 5,16,30 
All patients in the present study underwent radiotherapy 
after intralesional excision. Nevertheless, the log-rank test 
did not correlate to the high-dose radiotherapy with bet-
ter local recurrence control, indicating that the surgical 
choice is still the predominant factor for better prognoses 
of cervical chordomas. 

Conclusions
Chordomas in the cervical spine usually represent an 

insidious neoplasms and have usually extended widely by 
the time of diagnosis. Radical intralesional tumor deb-

ulking surgery combined with postoperative radiotherapy 
remains an effective way to treat this disease. Because 
of the limited application of en bloc tumor resection and 
the active intralesional tumor seeding intraoperatively, 
the local recurrence rate is high, but there is little chance 
of distant metastatic disease. Most recurrent tumors pres-
ent within 3 years. Some surgical techniques should be 
applied to minimize tumor seeding. Patients with upper 
cervical chordomas, younger adults, and the elderly are 
expected to have a worse prognosis. For patients in whom 
the tumor extends to both the anterior and posterior col-
umn, a total spondylectomy with piecemeal excision can 
help improve the prognosis.
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