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ARTICLE INFO ABSTRACT

Keywords: Background: Chordoma is a rare bone cancer arising from the embryonic notochord with special predilection to

Chordoma the axial skeleton. The locally destructive nature and metastatic potential of chordomas can lead to devastating

:Pme outcomes in terms of survival. The purpose of this study was to examine potential risk factors predictive of
EER

metastatic disease at presentation and prognostic factors in patients with metastasis.

Methods: SEER was used to classify each patient as having metastatic or localized disease at the time of diag-
nosis. Patient-specific and tumor characteristics were analyzed to determine which factors were predictive of
an increased rate of metastatic disease at presentation. These factors were analyzed using univariate as well as
a multivariate logistic regression model. Prognostic factors for survival were analyzed using the Kaplan-Meier
estimates with log-rank tests, and Cox proportional hazards models.

Results: We identified 1,241 cases of chordoma affecting the axial skeleton, and 117 (9.4%) of the patients
presented with metastatic disease. The most common locations for metastasis at presentation were lung (6.0%),
followed by bone (5.1%) and liver (3.4%). Based on the unadjusted logistic regression analysis, patients had
the highest odds of metastatic disease at presentation if they had a tumor located in the sacrococcygeal area
(OR =1.72; 95% CI, 1.11-2.68; p = .015), a tumor with a dedifferentiated histological subtype (OR = 7.42; 95%
CI, 2.31-23.79; p = .001) and a tumor size greater than 10 cm (OR = 4.57; 95% CI, 2.52-8.28; p = .009). Only
the histological subtype remained significant when combined in a multivariate model controlling for age, sex,
race, tumor location, histology, and size. For patients with recorded tumor size information (n = 858), the odds
of metastasis at presentation increased by 12.2% with each additional centimeter of tumor size (OR = 1.122; 95%
Cl, 1.072-1.175; p < .0001). However, this lost significance in the multivariate model. Advanced age (hazard
ratio, 2.06; 95% confidence interval, (1.18-3.60); p = .011) and dedifferentiated subtype (hazard ratio, 4.7;
95% confidence interval, (1.33-16.8); p = .02) were significant prognostic factors for survival in patients with
metastatic chordoma.

Conclusions: Chordoma patients with dedifferentiated histological subtype were more likely to have metastatic
disease at presentation. Advanced age and dedifferentiated histological subtype were independent predictors of
increased mortality in patients with metastatic chordoma. Identification of this high-risk group may help providers
in counseling their patients regarding the likelihood of discovering metastatic disease at the time of diagnosis of
chordoma and predicting long term prognosis.

Survival
Histological subtypes
Metastases

Introduction vertebral column, in order of descending prevalence [2]. Chordomas are
slow growing tumors which often present with pain (oncologic vs me-

Chordomas are primary malignant tumors of the vertebral column chanical) and/or neurologic deficit from mass effect. Symptoms can be
and skull base which originate from the remnants of the notochord, a accompanied by a palpable mass; however, chordomas of the mobile
mesoderm-derived structure essential for normal embryonic develop- spine and skull base are more difficult to palpate due to their deep lo-
ment [1]. Tumors most commonly localize to the skull base, sacrum and cation in the axial skeleton [3,4]. The combination of insidious onset of
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symptoms and lack of palpable mass means that many chordomas are
not diagnosed until later in the disease process. This late presentation
raises the risk of potential metastasis to distant sites at the time of diag-
nosis, which has implications on treatment options and overall survival
[5,6].

Although chordoma is one of the most common primary osseous neo-
plasms of the sacrum and mobile spine, the actual incidence of these
tumors is low, at less than 0.01 per 100,000 patients [5,7]. As such, ob-
taining a significant number of patients to study is a challenging feat. In
this study, we utilized the Surveillance, Epidemiology, and End Results
(SEER) Program database, which is maintained by the National Cancer
Institute and collects data from eighteen geographically variable can-
cer registries. The SEER database has become a commonly used tool to
analyze rare cancers.

To our knowledge, there is no comprehensive analysis which com-
piles risk factors for distant metastases at the time of diagnosis of chordo-
mas. Our study utilized the SEER database for chordomas of the sacrum,
skull base, and mobile spine to determine risk factors associated with
presence of distant metastases at initial diagnosis of chordoma tumors.

Materials and methods

The SEER (surveillance, epidemiology and end results) program
database, a validated population-based national registry, was used to ex-
tract all histologically confirmed cases of chordoma from 2000 to 2018.
The SEER*Stat application (version 8.3.9) was used to determine vari-
ables of interest. The Histologic International Classification of Disease
for Oncology, 3rd edition (IDO-O-3 code 9370) was used to identify pa-
tients. Inclusion criteria were as follows: diagnosed between 2000 and
2018; positive histology with chordoma; lesion located in skull, verte-
bral column, or sacrococcygeal/pelvic area; presence of a single primary
tumor; no prior history of malignant disease. Exclusion criteria were
presence of a concomitant tumor, lack of staging data, lack of demo-
graphic data, lack of subtype and location of tumor, and lack of tumor
size information.

Data elements

The outcome of interest was the presence of metastatic disease at the
time of presentation with chordoma and prognostic factors in patients
with metastatic chordoma. The presence of metastatic state was coded
as a dichotomous variable. Patients with staging labeled as “distant”
were included while patients with staging “regional” or “local” were
considered not having metastatic disease at presentation. Patients with
an entry that was blank or labeled “unstaged” were excluded from the
analysis.

Patient characteristics including age, sex, and race were identified.
Patients’ age was recorded in the SEER database as a continuous vari-
able beginning at 0 years and ending at 85 years or more. Patients were
categorized into 2 distinct age groups of <60 and >60. Race was char-
acterized as white, black, and other (American Indian/Alaska Native, or
Asian/Pacific Islander).

Tumor characteristics including location, histologic subtype, size and
location of metastases were identified. The location of the tumor and
the histological subtype (according to the International Classification of
Disease for Oncology, Third Revision [ICD-O-3]) were recorded at the
time of the diagnosis. Tumor size, which records the largest dimension,
or the diameter of the primary tumor, was recorded as a continuous
variable in millimeters.

Tumor location was categorized into 3 categories including skull
area, vertebral column, and sacrococcygeal area. Tumor histological
subtypes were categorized into 3 categories: chordoma (not otherwise
specified), chondroid chordoma, and dedifferentiated chordoma. Tumor
size was divided into 3 categories: less than 5 cm, 5-10 cm, and more
than 10 cm.
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Survival time (in months) was recorded in the database as the time
until death due to the cancer or loss to follow-up. Disease specific sur-
vival (DSS) at 5- and 10-years was calculated for patients with metastatic
chordoma.

Statistical analysis

Descriptive statistics were used to analyze the proportion of pa-
tients presenting with metastatic disease across different patient and
tumor characteristics. Univariate and multivariate logistic regression
models were used to examine the association between presentation with
metastatic disease with regard to different patient and tumor factors.
Disease-specific survival rates were calculated with the Kaplan—-Meier
method. Survival was calculated from the time of the initial diagnosis
to the date of last contact (or the date of death if the patient had died).
The effects of demographic, clinical, and pathologic variables on sur-
vival were tested with use of the log-rank test for categorical values. To
identify independent predictors of survival, univariate and multivari-
ate Cox regression analyses were performed simultaneously. Variables
such as age, sex, race, tumor location, and histology from the univariate
analyses were examined in the Cox multivariate analysis. Correlations
between categorical variables were made with use of the z-test with
p-values adjusted using the Bonferroni method. All analyses were per-
formed using SPSS Statistics version 24.0 (IBM, New York, NY, USA),
and a p < .05 was considered significant.

Missing Data

A total of 383 patients had missing data for the tumor size variable.
The pairwise deletion method was utilized to deal with variables with
missing data points. This method involves removing cases from analysis
that are missing a certain data point, while retaining the case in the
overall analysis when another data point is available. While there are
some theoretical disadvantages to removing data as opposed to multiple
imputation, which generates values for missing data, Van Ginkel et al.
found that there was no difference in quality measures when comparing
the 2 methods [8].

Results

The initial search in the SEER registry yielded 1,701 cases of chor-
doma diagnosed between 2000 and 2018. After excluding patients with
soft tissue involvement (n = 354), appendicular involvement (n = 6),
and patients with unknown metastatic state (n = 100), the final selected
cohort included 1,241 patients with a 5- and 10-year disease-specific
survival rate of 45% and 25%, respectively. A total of 9.4% (117/1,241)
of patients presented with metastatic disease and the most common loca-
tions for metastasis at presentation were lung (6.0%), followed by bone
(5.1%) and liver (3.4%). The demographic data of the study population
are summarized in (Table 1).

The univariate logistic regression model revealed increased odds
of metastatic disease at presentation among patients who had a tu-
mor located in the sacrococcygeal area (OR = 1.72; 95% CI, 1.11-
2.68; p = .015), a tumor with a dedifferentiated histological subtype
(OR = 7.42; 95% CI, 2.31-23.79; p = .001) and a tumor size greater
than 10 cm (OR = 4.57; 95% CI, 2.52-8.28; p < .0001). Upon mul-
tivariate regression, only patients with a dedifferentiated histological
subtype remained at increased odds of metastatic disease at presenta-
tion (OR = 5.76; 95% CI, 1.50-22.15; p = .011) (Table 2).

When compared to patients younger than 60 years old, patients older
than 60 with metastatic chordoma had worse 5- and 10-year disease spe-
cific survival, respectively (23% vs. 60%; p < .05) and (14% vs. 32%;
p < .05). Further, in patients older than 60, the 15-year disease spe-
cific survival was 0%. (Figure 1A). The disease-specific survival rate,
stratified according to histological subtype, revealed that patients with
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Table 1
Demographic, and pathologic characteristics of patients.
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No metastatic disease (n

Metastatic disease at

Category [%]) presentation (n [%]) p-value
Age in years
<60 639 (56.9%) 68 (58.1%) >.05
>60 485 (43.1%) 49 (41.9%) >.05
Sex
Male 654 (58.2%) 72 (61.5%) >.05
Female 470 (41.8%) 45 (38.5%) >.05
Race
White 949 (84.4%) 100 (85.5%) >.05
Black 48 (4.3%) 3 (2.55%) >.05
Other 117 (10.4%) 13 (11.1%) >.05
N/A 10 (0.9%) 1 (0.85%) >.05
Location
Skull Area 469 (41.7%) 38 (32.5%) >.05
Vertebral Column 283 (25.2%) 27 (23.1%) >.05
Sacrococcygeal and pelvic 372 (33.1%) 52 (44.4%) <.05
area
Histology
Chordoma, NOS 1059 (94.2%) 102 (87.2%) <.05
Chondroid Chordoma 58 (5.2%) 10 (8.5%) >.05
Dedifferentiated Chordoma 7 (0.6%) 5 (4.3%) <.05
Size
<5 cm 465 (41.4%) 30 (25.6%) <.05
5-10 cm 236 (21.0%) 26 (22.2%) >.05
>10 cm 78 (6.9%) 23 (19.7%) <.05
N/A 345 (30.7%) 38 (32.5%) >.05
N/A: Data not available.
NOS: Not otherwise specified
Table 2
0Odd ratios for risk of presentation with metastatic disease.
Category Model 1 (Unadjusted) p-value Model 2 (adjusted)” p-value
Age in years
<60 Ref Ref
>60 0.95 (0.65-1.40) .79 0.79 (0.47-1.34) .38
Sex
Female Ref Ref
Male 1.15 (0.78-1.70) .48 1.02 (0.62-1.66) .95
Race
White Ref Ref
Black 0.59 (0.18-1.94) .39 0.47 (0.11-2.03) .35
Other 1.05 (0.57-1.94) .86 1.09 (0.51-2.32) .82
Location
Skull Area Ref Ref
Vertebral Column 1.18 (0.70-1.97) .53 0.90 (0.43-1.90) .68
Sacrococcygeal 1.72 (1.11-2.68) .015 0.70 (0.34-1.45) .23
Histology
Chordoma, NOS Ref Ref
Chondroid Chordoma 1.79 (0.89-3.61) .10 2.31 (0.95-5.61) .64
Dedifferentiated Chordoma 7.42 (2.31-23.79) .001 5.76 (1.50-22.15) .011
Size
For each 1-cm increase 1.12 (1.07-1.17) 1.08 (0.99-1.17) .09
<5cm Ref Ref
5-10 cm 1.71 (0.99-2.95) .056 1.43 (0.72-2.85) .30
>10cm 4.57 (2.52-8.28) <.0001 2.6 (0.79-8.92) 12

* Logistic regression controlling for age, sex, race, tumor location, histology, and size.

a dedifferentiated histological subtype had a dismal 5- and 10-year dis-
ease specific survival of 0%. NOS and chondroid histological subtypes
had a 5-year survival of 47% and 42%, and a 10-year survival of 28%
and 14% (Table 3, Figure 1B).

The Cox regression model with hazard ratios adjusted for age, gen-
der, race, tumor location, and histological subtype showed that ad-
vanced age (hazard ratio, 2.06; 95% confidence interval, 1.18-3.60; p <
.011) and dedifferentiated histological subtype (hazard ratio, 4.7; 95%
confidence interval, 1.33-16.8; p = .02) as negative prognostic factors
for survival in patients with metastatic chordoma (Table 4).

Discussion

Our analysis of the SEER database from 2008 to 2018 revealed that
the rate of metastatic disease on presentation in patients with chordoma
was 9.4%. The rates of metastatic disease in the setting of chordoma
range widely in the literature with studies reporting a range from 3% to
48% [9,10]. A paucity of information on the rates of metastasis can be
due, in part, to the rare incidence of chordoma, occurring only in 0.18
to 0.84 persons per million [11]. We found that dedifferentiated histo-
logical subtype, larger tumor size (> 10 cm), and sacrococcygeal tumor
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Kaplan-Meier curves illustrating the disease-specific survival estimates for patients with a)
different age groups and b) histological subtypes.
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Figure 1. (A) and (B) Kaplan-Meier curves illustrating the disease-specific sur-
vival estimates for patients with (A) different age groups and (B) histological
subtypes.

location were all associated with greater odds of metastatic disease at
diagnosis.

Histologic grade of a tumor is a strongly negative prognostic indica-
tor, with poorly differentiated tumors having a more aggressive course
[12]. Specifically, in chordoma, features associated with the dedifferen-
tiated histological subtype include classical physaliphorous cells inter-
mixed with regions of atypia, necrosis, and elevated Ki-67 proliferation

Table 4
Prognostic factors for survival in metastatic chordoma.
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Table 3
Disease-specific survival of patients with metastatic chordoma stratified by age,
gender, race, tumor location, and histological subtype.

DSS-5 DSS-10

Overall 45% 25%
Age (years)

<60 60% 32%

>60 23% 14%
Sex

Female 38% 20%

Male 55% 27%
Race

White 44% 26%

Black 60 -

Other 55% 18%
Location

Skull area 89% 87%

Vertebral column 38% 15%

Sacrococcygeal 36% 15%
Histology

Chordoma, NOS 47% 28%

Chondroid chordoma 42% 14%

Dedifferentiated chordoma - -

DSS: Disease specific survival
* All patients died within 1 year of diagnosis.

index [1,13]. These features are associated with poor survival. Our study
lends further credence to these findings via a univariate and multivari-
ate regression analysis which showed that dedifferentiated chordoma
was associated with metastasis. Further, no patients with this subtype
in our study survived longer than a year, while the 2 other subtypes —
chondroid and NOS -had modest 5- and 10- year survival rates. A study
by Hung et al. lends further credence to our finding, who suggest that
the dedifferentiated subtype will develop metastases at a higher rate
upon follow-up. A reason for this may include dysregulation of tumor
suppressor genes, such as TP53, in dedifferentiated chordoma [14]. In
general, metastasis of this tumor has a greater predilection for the lung,
which in other primary spinal tumors portends the lowest rates of sur-
vival at 9% [15,16].

A previous SEER analysis performed by Pan et. al found that while
chordoma did have a preference for the sacral region, it was not an inde-

Model 1 (unadjusted) p-value Model 2 (adjusted) p-value

Age in years

<60 Ref Ref

>60 2.31 (1.41-3.81) .001 2.06 (1.18-3.60) .011
Sex

Female Ref Ref

Male 0.77 (0.46-1.30) .33 086 (0.50-1.47) .58
Race

White Ref Ref

Black 1.08 (0.15-7.8) .94 2.04 (0.26-16.24) .50

Other 0.81 (0.35-1.90) .62 0.77 (0.32-1.89) .57
Tumor size

<5 cm Ref

5-10 cm 2.23 (0.84-5.91) 11 - -

>10 cm 5.40 (2.11-13.7) <.0001 - -
Histology

Chordoma, NOS Ref Ref

Chondroid chordoma 1.05 (0.48-2.31) 91 1.72 (0.72-4.11) 22

Dedifferentiated chordoma 5.51 (1.60-19.0) .007 4.7 (1.33-16.8) .02
Location

Skull area Ref Ref

Vertebral column 2.42 (1.24-4.71) .009 2.04 (0.26-16.2) .50

Sacrococcygeal 2.12 (1.15-3.90) .015 0.77 (0.32-1.89) .57

Cox regression model with hazard ratios adjusted for age, gender, race, tumor location, and histological subtype.

* Tumor size was excluded from Cox regression due to missing data
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pendent predictor of survival [6]. Upon multivariate adjusted analysis,
we found that neither vertebral or sacrococcygeal tumor location con-
ferred a decreased risk of survival, further validating Pan et al. conclu-
sions. However, upon univariate regression, both sacrococcygeal tumor
location and large tumor size (>10 cm) held associations with metastatic
disease at presentation and decreased overall survival. Tumor size was
not included in the final regression model because 383 patients did not
have that information available. However, it is possible that more pa-
tients with metastatic disease did not have tumor size recorded because
tumor size can be difficult to assess once metastasis has already oc-
curred. From this, one can posit that large tumor size is fated to have an
increased risk of metastasis at presentation, as is the case with a number
of spinal metastases [17]. Further, when tumor size was treated as a con-
tinuous variable, each 1 cm increase in tumor size had a near significant
effect on the final regression analysis. Sacrococcygeal chondroid tumors
may result in a delay in diagnosis due to its insidious, slow-growing na-
ture and vagueness of lower extremity symptoms [18]. For this reason,
the tumor must grow to a considerable size before it is a candidate for
MRI. By this point, a metastatic outcome may be inevitable. However,
when detected early, there will be less of an impact on patient function
when resected, due to the lack of vital organs in this area [1]. A primary
for the sacrococcygeal location having a predilection for metastases may
be due to anatomic factors, such as the proximity to important neurovas-
cular structures. Early case series conducted on chordoma by Chambers
et al. and Bjornsson et al. corroborate this assertion, as they reported
higher rates of metastasis in the sacrococcygeal location compared to
vertebral and cranial [19,20]. Chambers et al. viewpoint was that a prac-
tical reason for why this location is predisposed to metastasis could have
to do with previous radiation exposure to the area which can artificially
create features of anaplasia [20]. Further, Bjornsson et al. maintained
that primary tumor size itself may not predict metastases but correlated
positively with extent of regional necrosis, which provides some merit
to our claim that larger tumors portend poorer survival, despite hav-
ing some missing data for this variable [19]. Overall, our findings are
consistent with primitive case series on this subject and allow us to con-
textualize their results using a larger patient sample.

An age of sixty years or more was an independent negative prog-
nostic factor with metastatic disease. Previous studies have revealed
a similar association in primary spinal chondroma metastasis [6,21].
However, it is unclear whether age itself is an independent predictor
of decreased survival or if it is acting as a proxy for other age-related
conditions. It is well established that spinal metastasis is much more
likely to occur in elderly populations [22]. With the presence of numer-
ous other age-related comorbidities, these patients are far more likely
to undergo palliative care following this diagnosis, as opposed to an
aggressive, surgical approach [23]. This may be especially true due to
the likelihood of infection following resection of the tumor [24]. Often
the management of these infections in the elderly can have a prolonged
antibiotic course, leading to concerns of nephrotoxicity and impact on
patient functional status [25]. For this reason, age may need to be ex-
plored further in metastatic chordoma, alongside other comorbidities of
advanced age and treatment, to better assess its impact on survival.

This study has several limitations. First, chordoma is a disease of low
incidence, so the utilization of the SEER database, which records cases
of rare cancers, was required. As with any database study, unrecorded
variables, incomplete treatment data, and variations in coding provide a
significant challenge when attempting to make meaningful conclusions
[26]. Similarly, in our study, many cases had missing information on
histology, tumor size, and location of metastasis. For this reason, when
constructing the final multiple regression models, histological subtype
may have impacted the statistical power of the test due to the paucity
of data presented. Second, the SEER program ceased the reporting of
radiotherapy without explicit request. This may have had implications
in our study, as dedifferentiated chordoma is commonly diagnosed as
a recurrence following prior radiotherapy [27]. A documentation of a
confounding variable of this nature may have provided more insight into
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the condition’s metastatic nature. Third, missing patient data, as well as
the use of pairwise deletion, may have introduced a level of bias into
study. Use of multiple imputation and sensitivity analyses could have
been considered to ameliorate some of these concerns. Fourth, deter-
mining actual cause of death was not possible, as there is no access to
death certificates through SEER, so overall survival was reported under
the assumption that mortality was due to chordoma. Similarly, there
was lack of clarity on type and extent of surgical intervention, tumor
recurrence, and margin status, which could have introduced another el-
ement to our study if analyzed. Lastly, treatments/treatment modalities
were not assessed. Although this was not a focus of this study, further
research should be done to address their outcomes.

Conclusions

In conclusion, dedifferentiated chordoma, sacrococcygeal location,
and large tumor size (> 10 cm) were all associated with metastatic dis-
ease at presentation. Adverse prognostic factors also included advanced
age and vertebral column location in patients with metastasis.
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