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ABSTRACT

Background. The recurrence rate of cervical chordomas is
high, and hence it is important to discern the prognostic
factors for local relapse and overall survival (OS).
Methods. A retrospective review of 52 patients with cer-
vical chordoma operated in our institution from January
1999 to March 2015 was performed. The association of
clinicopathologic characteristics with local relapse-free
survival (LRFS) and OS was analyzed. Univariate analysis
was performed to determine whether tumor characteristics
and types of therapy affected prognosis, and a multivariate
Cox proportional hazard model was developed to further
investigate local recurrence and mortality.

Results. Mean follow-up time was 50 months. The
cumulative 5- and 10-year LRFS was 35 and 0%, respec-
tively, while the cumulative 5- and 10-year OS was 69 and
53%, respectively. The univariate analysis identified con-
tiguous segments involved, intralesional surgical margin at
primary surgery, primary surgery in local hospital, inci-
sional biopsy, and without adjuvant radiotherapy as
negative prognostic factors for LRFS, whereas for OS, only
tumor location in the upper cervical spine was statistically
significant. In the multivariate analysis, contiguous verte-
bral segments involved, intralesional surgical margins, and
incisional biopsy were identified as negative prognostic
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factors for LRFS, whereas for OS, again only tumor
location in the upper cervical spine was statistically
significant.

Conclusions. Contiguous vertebral segments involved,
intralesional surgical margin, without adjuvant radiother-
apy, and incisional biopsy significantly increase local
recurrence, while tumor location in the upper cervical spine
significantly increases tumor-related mortality. Thus,
computed tomography-guided fine-needle aspiration
biopsy and total spondylectomy with marginal excision
may improve survival of patients with cervical chordoma.

Chordomas are rare malignant primary bone tumors that
occur exclusively in the axial skeleton.' Surgery continues
to be the primary treatment modality in the management of
chordoma because of its resistance to conventional-dose
radiotherapy.>® and unresponsiveness to cytotoxic
chemotherapy.*> Achieving a wide or marginal resection is
crucial for surgical outcomes;® however, the anatomical
structures that surround the cervical spine make resection
with clean margins very difficult.” The main cause of
treatment failure in cervical chordoma is local relzlpse,8
which results in poor long-term prognosis.’ Tumors located
in the craniocervical junction have an inferior relapse-free
survival (RFS) and overall survival (OS) compared with
those located in the cervical spine.'” We previously
reported the high recurrence rate of chordomas located in
the upper cervical spine;'' however, due to the low inci-
dence of this condition, its study has been limited and the
currently available evidence mostly stems from case series.

The purpose of this study was to expand our previous
findings'"' with a longer follow-up time and the inclusion of
more patients. Our objective was to identify prognostic
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factors of local relapse and OS by evaluating the clinical
outcomes of 52 patients with cervical spine chordomas
treated surgically in a single referral center in China.

MATERIALS AND METHODS

A retrospective review was performed to identify all
cases of cervical chordoma treated at the Peking University
Third Hospital from January 1999 to March 2015. The
inclusion criteria were conventional chordomas located in
the cervical spine that received surgical treatment at our
institution, either for a primary tumor or a relapse, and with
a minimum follow-up period of 6 months unless the patient
died before this time point, in which case they were still
included. Patients were excluded if the chordoma subtype
was not conventional, but was chondroid or dedifferenti-
ated, or if they were not treated surgically. Ethical
permission was granted by the Ethics Committee of Peking
University of Health Science Center (No. IRB00001052-
08044) and written informed consent was obtained from all
patients.

Of the 61 patients with chordoma treated in our hospital,
one patient had a chondroid chordoma, three patients had
dedifferentiated chordomas, and five refused to undergo
surgery. Thus, a total of 52 consecutive patients met the
inclusion criteria and were included in this study.

Data extraction comprised patient age, sex, duration of
preoperative symptoms, neurological symptoms, tumor
location, number of segments affected, type of biopsy used
as the diagnostic method, institution in which the primary
surgical procedure was performed, type of surgical margins
of the primary surgery, and adjuvant radiotherapy, as well
as further follow-up information such as local relapse,
distant metastases, and survival.

In our center, total spondylectomy was the procedure of
choice to achieve total gross tumor resection. Whenever
possible, total spondylectomy was performed and our sur-
gical procedure was based on two types of exposed surgical
margin. Preoperative planning involved the tumor capsule
being kept intact until the edges were clearly exposed. If
the planned marginal margin was exposed, which meant
the exposed surgical margin was marginal (Fig. 1), then the
tumor and the involved vertebral body was resected to
achieve total spondylectomy. If the planned marginal
margin could not be exposed from the surrounding tissue,
the exposed surgical margin was considered intralesional.

All cases were performed using combined approaches.
The posterior midline approach was performed in the prone
position to expose extracapsular elements by muscle
retraction. The most important step was to dissect and
isolate the vertebral arteries (Fig. 1c). Fixation was
achieved using a cervical rod, or an occipital plate with a

cervical rod, in patients with tumors in the upper cervical
spine. Chordomas located in the upper cervical spine (C1-
C2) were removed using the high retropharyngeal'? or
transoral/transmandibular approaches,'> whereas tumors
located in the lower cervical spine (C3—C7) were removed
using anterolateral approaches.’ In all cases, extreme care
was taken to ensure that the tumor capsule was kept intact
until the edges were clearly exposed. Once this was
achieved, both the tumor and the involved vertebral body
were resected. All patients were further treated according
to the same follow-up protocol. Clinical follow-up was
conducted at 3, 6, 12, 18, and 24 months, and annually
thereafter.

Clinicopathologic characteristics were evaluated with
regard to their potential prognostic value for local RFS
(LRFS) and OS. LRFS was defined as the time interval
from surgery to the first local relapse; however, in the case
of a patient’s death or loss to follow-up, the date of the last
available follow-up was used for censoring. OS was
defined as the time interval from surgery to death; how-
ever, in the case of loss to follow-up, the date of the last
available follow-up was used for censoring. Kaplan—-Meier
survival analyses were performed to evaluate LRFS and
OS, and Greenwood’s estimate was used to construct
asymptotic confidence intervals (CIs) for the survival dis-
tribution. Univariate analysis was performed using the log-
rank test in order to identify prognostic variables, and the
significance level was set at p < 0.05. Subsequently, for
the development of a multivariate Cox proportional hazard
model, clinically relevant variables with a p value < 0.15
in the univariate analysis were included to investigate their
predictive value for LRFS and OS. Due to the issue of
multicollinearity, some variables could not be included in
the Cox regression model. Statistical analysis was per-
formed using STATA version 14.0 (StataCorp LLC,
College Station, TX, USA).

RESULTS

Mean follow-up time was 50 months (median
31 months, range 1-228 months), the study group com-
prised 28 men and 24 women with a mean age of
47.1 &+ 16.7 years (range 5-70), and the mean duration of
preoperative symptoms was 12.3 & 12.2 months (range
2-60). Surgery improved neurologic symptoms so that 29
patients (56%) had neurological symptoms prior to surgery,
whereas only ten patients (19%) still had symptoms after
surgery. The site of origin was the upper cervical spine
(C1-C2) in 29 patients (56%) and the lower cervical spine
(C3-C7) in 23 patients (44%). The preoperative diagnostic
biopsy was based on computed tomography (CT)-guided
fine-needle aspiration (FNA) in 29 cases (56%) and
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FIG. 1 Male, 32 years of age, C2 chordoma. a Sagittal CT showed
osteolytic destruction with a pathological fracture. b Sagittal MRI
showed the vertebral and paravertebral tumor. ¢ The most important
step of the posterior approach was to dissect and isolate the vertebral
arteries (arrow refers to the vertebral artery). d The anterior
transmandibular approaches, and e the tumor capsule was kept intact

incisional biopsy in 23 cases (44%). All conventional
chordomas were Enneking stage IB,"* except for two cases
that were stage IA. At the time of the first observation in
our hospital, 35 patients (67%) had primary disease,
whereas 17 patients (33%) had undergone the primary
surgical procedure in a local hospital and had been trans-
ferred to our institution due to local tumor recurrence. The
primary procedure, regardless of whether it was carried out
at our institution or elsewhere, was performed with
intralesional surgical margins in 32 patients (62%) and
marginal surgical margins in 20 patients (38%). In all
patients with intralesional margins, two or more contiguous
levels were involved. Thirty-six patients (69%) received
adjuvant radiation therapy, whereas none of the patients
received chemotherapy.

Four patients were lost to follow-up in the second year
after the procedure, two of whom had their primary

until the edges were clearly exposed. The tumor and the involved
vertebral body can be removed until the planned margin is achieved.
f, g Twelve months after operation, Sagittal CT showed internal
fixation and confirmed total spondylectomy of C2. CT computed
tomography, MRI magnetic resonance imaging

procedure performed with marginal margins in our hospi-
tal. The remaining two patients had undergone incisional
biopsy for diagnosis and had their primary procedure per-
formed with intralesional margins in a local hospital.

Over a 10-year period, the cumulative LRFS rate was
0%, with a median time to local relapse of 2.7 years
(Fig. 2), while the cumulative 10-year OS rate was 53.2%
(95% CI 32.7-70.1%) (Fig. 3). When evaluating the two
endpoints over a 5-year period, the cumulative LRFS rate
was 35.3% (95% CI 19.3-51.7%) and the cumulative OS
rate was 68.8% (95% CI 51.7-80.9%).

Univariate analysis (Table 1) identified involvement of
multiple contiguous segments (p = 0.018), intralesional
surgical margin at primary surgery (p < 0.001), primary
surgical procedure not performed at our institution
(p < 0.001), and use of incisional biopsy as the diagnostic
method (p = 0.007) as prognostic factors for local
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Local relapse-free survival over a 10-year period
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W

0 2 4 6 8 10
Time after surgery (years)

Number at risk
20 10 7 3 0

FIG. 2 Kaplan—Meier analysis of cumulative local relapse-free
survival following surgery. Number at risk indicates the number of
patients included in the analysis, and tick marks indicate censored
observations. Note that the last patient in the analysis had a local
relapse 118 months after surgery, therefore, from this time point
onwards, the cumulative local relapse-free survival was 0%

recurrence, while location of the tumor in the upper cer-
vical spine (p = 0.027) was identified as a prognostic
factor for mortality.

Based on the results of the univariate analysis, multi-
variate Cox regression models were built. Due to the effect
of multicollinearity (the hospital performing the primary
surgical procedure was highly associated with the type of
diagnostic biopsy and type of surgical margin, which did
not allow for the inclusion of more than one of these
variables in any of the models), three separate models were
developed. Two of the models investigated prognostic
factors for local recurrence and another model investigated
prognostic factors for mortality (Table 2). According to
Model 1 for recurrence, which included contiguous seg-
ments, adjuvant radiotherapy, and type of surgical margin
as independent variables, there was a significant associa-
tion between local recurrence and the involvement of
contiguous segments (p = 0.016), no adjuvant radiother-
apy (p = 0.032), and intralesional margins (p = 0.001). In
Model 2 for recurrence, where the type of surgical margin
was replaced with the diagnostic method, we found that
incisional biopsy significantly increased the risk of local
recurrence (p = 0.007), whereas the effect of adjuvant
radiotherapy was attenuated compared with Model 1. The
model investigating mortality identified one prognostic
factor, namely the location of the tumor in the upper cer-
vical spine (p = 0.032).

DISCUSSION

In this series of 52 surgical cases, we identified several
prognostic factors for LRFS and OS. Our univariate

analysis results showed that age, sex, duration of preop-
erative symptoms, preoperative neurological impairment,
and distant metastasis had no prognostic value for LRFS or
OS in cervical chordomas.

In the multivariate regression models, contiguous seg-
ments involved, intralesional surgical margin at primary
surgery, without adjuvant radiotherapy, and incisional
biopsy were negative prognostic factors for LRFS, while
tumor location in the upper cervical spine was a negative
prognostic factor for OS.

Tumor Characteristics: Stage and Histology

Other researchers have shown that besides tumor size,
characteristics such as histological grade and stage of
chordoma are major prognostic factors. Zou et al.'”> showed
that invasion of the surrounding muscle was a predictor of
recurrence, while Mukherjee et al.'® demonstrated that the
extent of local tumor invasion was a prognostic factor for
recurrence. However, in our series, all tumors were con-
ventional chordomas, and all but two tumors were stage IB.
For two stage IA cases, there was obvious intercellular
myxoid matrix, and some nuclei of tumor cells show
obvious atypical (pictures not shown); however, no cyto-
plasmic eosinophilic hyaline globules were observed in the
tumor cell. Although there was overlap in immunohisto-
chemical reactivity of benign notochord tumors and
chordomas,'”'® we still prefer the diagnosis of chordoma.
Therefore, neither histological grade nor tumor stage could
be analyzed with regard to their prognostic value.

Tumor Size

Our finding that the involvement of two or more con-
tiguous vertebral segments is a negative prognostic factor for
LREFS corresponds well to the findings of Stacchiotti et al.,'”
who identified tumor size as a negative prognostic factor for
both LRFS and OS. This may be explained by the difficulty
in achieving marginal resection in large tumors,'” which is a
complex surgical procedure and marginal resection is much
more difficult than in single segments.”” Hence, in our ser-
ies, only 24 of 32 tumors expanding over contiguous spinal
levels could be excised with planned margins.

Location of Tumor

In our series, location of the chordoma in the lower
cervical spine was identified as a positive prognostic factor
for OS. This corresponds to the findings of Meng et al.,”’
who also showed that patients with a tumor located in C3—
L5 survived longer than patients with tumors located in
C1-C2. In contrast to us, Meng et al. performed wide
surgical resection; however, the anatomical conditions of
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TABLE 1 Univariate results derived from the log-rank test evaluating demographic, tumor-related, and treatment characteristics, possibly
associated with local recurrence and mortality over a 10-year period following surgery

Variables Categories  No. of 10-year local recurrence 10-year mortality
patients -
No. of Local recurrence P- No. of Mortality rate P-
events rate (%)* value events (%)* value
Age, years <55 29 17 81.6 0438 9 47.6 0.745
>55 23 11 65.5 7 46.0
Sex Male 28 15 66.3 0.645 11 62.8 0.103
Female 24 13 82.4 5 31.6
Tumor location Cl1-C2 29 14 60.3 0.855 11 52.0 0.027
C3-C7 23 14 67.6 5 34.6
DPS, months <12 41 20 80.8 0.206 10 382 0.119
>12 11 8 75.8 6 74.4
Preoperative Frankel scores B-D 29 19 80.5 0.216 10 54.8 0.481
E 23 9 44.6 6 37.1
Segments involved Single 20 52.8 0.018 4 23.5 0.277
Contiguous 32 22 84.6 12 59.9
Diagnostic biopsy method FNA 29 9 72.5 0.007 8 33.6 0.669
Incisional 23 19 84.1 8 48.7
Hospital performing primary surgical Our hospital 35 11 59.8 <0.001 9 31.8 0.868
procedure Local 17 17 94.1 7 55.2
hospital
Exposed surgical margin Intralesional 32 24 89.2 <0.001 12 60.8 0.231
Marginal 20 4 46.1 4 22.1
Adjuvant radiotherapy No 16 12 73.3 0.099 8 61.1 0.083
Yes 36 16 80.8 8 40.2
Local recurrence No 24 12.5 0.107
Yes 28 13 58.6
Distant metastases No 47 13 37.7 0.439
Yes 5 3 62.5
Evaluation of complications, local recurrence, and distant metastases is only meaningful for mortality
DPS duration of prodromal symptoms, FNA fine-needle aspiration
 Local recurrence and mortality rates have been estimated according to the Kaplan—Meier method
the upper cervical spine make wide resection technically | Survival over a 10-year period
demanding and therefore hard to achieve. Contrary to our
findings, as well as those of Meng et al., other researchers =
suggest that the sites of chordoma were of uncertain z 75
prognostic value; however, their conclusion is derived from z
a comparison of all spinal regions, such as lumbar vs. high é 5
sacrum [S1-S2] versus low sacrum [S3—coccyx], C1-2 é
versus C3-L5," or C1-2 versus C3-S5.? Since the results S
of our series come from a relatively homogeneous group of »
52 surgical patients with conventional chordomas in the
cervical spine, we believe this minimized confounding 0
effects brought upon by including too many different 0 2 4 6 8 10
location categories. ‘ Time after surgery (years)
Number at risk
52 28 19 15 7 5

When interpreting the site of the tumor in the upper
cervical spine as a negative prognostic factor, it should be
considered that in this region, total en bloc spondylectomy
is impossible due to the surrounding anatomical

FIG. 3 Kaplan—Meier analysis of cumulative overall survival follow-
ing surgery. Number at risk indicates the number of patients included in
the analysis, and tick marks indicate censored observations
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TABLE 2 Multivariate results derived from Cox regression analysis evaluating variables possibly associated with local recurrence and mortality

over a 10-year period following surgery

Variables Exp (B) HR 95% CI P-value
Local recurrence (Model 1)
Segments involved (contiguous vs. single) 1.21 3.36 1.25-9.01 0.016
Adjuvant radiotherapy (yes vs. no) —-0.92 0.40 0.17-0.93 0.032
Exposed surgical margin (marginal vs. intralesional) —3.55 0.03 0.01-0.23 0.001
Local recurrence (model 2)
Segments involved (contiguous vs. single) 0.99 2.68 1.05-6.88 0.040
Adjuvant radiotherapy (yes vs. no) —-0.49 0.61 0.27-1.37 0.233
Diagnostic biopsy method (FNA vs. incisional) —1.11 0.33 0.15-0.74 0.007
Mortality
Tumor location (C3-C7 vs. C1-C2) —1.20 0.30 0.10-0.90 0.032
—0.58 0.56 0.21-1.50 0.249
Local recurrence (no vs. yes) 1.06 2.88 0.80-10.32 0.105

Exp(B) exponentiation of the B coefficient, HR hazard ratio, CI confidence interval, FNA fine-needle aspiration

structures.”” Instead, tumors undergo piecemeal excisions
with specific approaches, such as transoral, transmandibu-
lar, or lateral extrapharyngeal.”>** Although local
recurrence was not a significant predictor for OS in our
series (p = 0.105), this has been reported in other publi-
cations.”* Another possible reason for the high local
recurrence rate of upper cervical chordomas in some cen-
ters is that low-dose adjuvant radiation is administered;
results appear to be superior with higher radiation doses
delivered with protons or other advanced radiation
techniques.” 2

Surgical Margin

Our study has further demonstrated that marginal
resection is a positive prognostic factor for LRFS. This
finding is similar to what has been reported for chordomas
located in the sacral®**® or mobile spine.” Marginal
resection is usually the prime goal of surgical treatment of
chordomas located at the cervical spine because, even
though resection with wide margins would be preferable,
local anatomic conditions hardly ever allow this.

Local Hospital Procedures: Diagnostic Tools and Type
of Resection

Some factors we analyzed for potential prognostic value
are primarily determined by the individual hospital’s
standard of care. This is reflected by the multicollinearity
of the following variables: hospital performing the primary
procedure (local hospital or our hospital), diagnostic biopsy
method (FNA or incisional), and type of resection (mar-
ginal or intralesional).

Our institution is a specialized referral center, but,
unfortunately in China, access to this type of institution is

not always easy due to the costs and long distances
involved. Undergoing the primary procedure at our insti-
tution was a significant positive prognostic factor for LRFS
in univariate analysis, and multivariate analysis demon-
strated the positive effect of FINA as a diagnostic procedure
and excision technique with marginal margins. This is well
in line with the recommendations given by other
researchers that preoperative histological diagnosis should
be performed, but incisional biopsy should be avoided due
to the risk of unrecoverable seeding.>'*> In general, our
results regarding factors that are determined by local hos-
pital routine, such as the use of diagnostic procedures and
the technique used for tumor excision, imply that patients
benefit from the routine procedures that were developed in
referral centers, based on their vast experience.

Adjuvant Radiotherapy

Although some researchers suggest that conventional
dose radiotherapy is ineffective for treating chordoma,****
it has been widely used as an adjuvant treatment for
chordomas of the spine.>® Recent data have suggested that
proton therapy is an effective adjuvant to surgery when en
bloc is not feasible or when margins are violated.”>~*’ In
our study, the tumors subjected to adjuvant radiotherapy
could be controlled better than those not subjected to
radiotherapy, which is consistent with previous results
reported from other spinal regions.*

Strengths and Limitations of the Study

To our knowledge, the present study is the largest series
of uniform patients with cervical chordomas from a single
institution. The rarity of chordoma makes appropriately
powered randomized clinical trials challenging, which is
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why case series provide a significant contribution to the
available evidence.

Nonetheless, our study also has limitations. First, the
study group is small, which resulted in limited options for
statistical analysis, e.g. the multivariate models would not
allow inclusion of more than three variables. Second, the
study group is a mix of patients with primary surgery and
surgery for recurrence, which had an impact on the
homogeneity of our study group. Third, the median follow-
up of 31 months is still relatively short for this disease
since recurrences can occur after 5 years.

CONCLUSION

Contiguous vertebral segments involved, intralesional
surgical margin, and incisional biopsy were prognostic
factors for local recurrence, while chordoma location in the
upper cervical spine was a prognostic factor for mortality.
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