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Abstract
Purpose Recently, competing risk nomograms were widely applied to predict prognosis in numerous tumors other than 
chordoma. Here, we aimed to construct and validate a competing-risk-based prognostic nomogram to predict 3- and 5-year 
cancer-specific death (CSD) in patients with spinal and pelvic chordoma.
Methods All chordoma patient data were abstracted from the Surveillance, Epidemiology, and End Results (SEER) resource, 
and a total of 485 chordoma patients were eventually included in this study. Multivariate competing risk model and multivari-
ate Cox model were used to determine independent prognostic factors, respectively, and the results of the two models were 
compared. Nomogram was employed to visualize the competing risk model. The discrimination, calibration, and clinical 
utility of this model were evaluated by Harrell concordance index (C-index), time-dependent receiver operating character-
istic (ROC) curves, calibration plots, and decision curve analysis (DCA). Ten-fold cross-validation was further utilized to 
validate the prognostic nomogram.
Results Significant prognostic factors affecting CSD were age (P = 0.016), localized involvement (P < 0.0001), and radical 
resection (P < 0.001) in the multivariate competing risk model. C-indexes were 0.799 and 0.76, and AUC were 0.812 and 
0.778 for 3- and 5-year CSD. Calibration plots demonstrated the nomogram was well-fitted, and DCA indicated good clinical 
utility. The nomogram showed good performance in the 10-fold cross-validation.
Conclusion We successfully built the first competing-risk-based nomogram to predict clinical outcomes in patients with 
spinal and pelvic chordoma. This well-established nomogram hopes to help clinicians with precise prognostic assessment 
and thus improve clinical outcomes.
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Abbreviations
CSD  Cancer-specific death
SEER  Surveillance, epidemiology, and end results
C-index  Harrell concordance index
ROC  Receiver operating characteristic
AUC   Area under the curve
DCA  Decision curve analysis
SHR  Sub-distribution hazards ratio

CI  Confidence interval
NCSD  Non-cancer-specific death
ICD-O-3  International classification of disease for 

oncology, 3rd Edition
NOS  Not otherwise specified
AJCC  American joint committee on cancer
CIF  Cumulative incidence function
HR  Hazard ratio
SD  Standard deviation

Introduction

Chordoma arising from notochordal remnants is a relatively 
rare malignant neoplasm that accounts for 3–4% of all pri-
mary bone tumors [1]. The anatomical distribution of chor-
doma consists mainly of the sacrococcygeal area (55%), the 
spine region (10%), and the skull area (35%) [2]. Although 
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chordoma is a malignant tumor of low-to-moderate grade, 
it is noteworthy that chordoma arising in the sacrococcygeal 
and spinal regions exhibits a more malignant behavior than 
that in the skull area [3, 4]. In parallel, chordoma in the spi-
nal and sacrococcygeal regions is often delayed in diagnosis 
due to its rarity, non-specific symptoms, and slow progres-
sion [5, 6]. Clinical observations have found that patients 
with spinal and pelvic chordoma tend to have worse 5- and 
10-year overall survival than those with intracranial chor-
doma [7, 8]. Currently, the relative resistance of spinal and 
pelvic chordoma to chemotherapeutic agents and the lim-
ited success of radiotherapy allow complete en-bloc surgical 
resection with negative microscopic margins to remain the 
mainstay of treatment [7, 8]. Unfortunately, locally invasive 
characteristics, complicated anatomical relationships, and 
comorbidity considerations make it difficult to achieve sur-
gical resection with negative margins in more than 50% of 
cases [2, 9]. Hence, the rates of local recurrence and distant 
metastasis after initial resection of spinal and pelvic chor-
doma are pretty high, with over 40% of patients occurring 
distant metastasis after treatment [8, 10, 11]. Furthermore, 
in the population over 40 years with the highest incidence 
of spinal and pelvic chordoma, the 10-year survival rate is 
only 46% [12, 13]. Therefore, there is an urgent need to 
strengthen research on the prognosis of spinal and pelvic 
chordoma to guide individualized treatment and follow-up, 
thereby improving patient survival.

It has been shown that substantial clinical parameters, 
such as age, fibrinogen, d-dimer, tumor diameter, as well as 
surgical types, can each independently predict the prognosis 
of chordoma [14–16]. Nomograms, the prognostic device 
capable of combing multiple parameters that can reveal the 
relationship between chordoma and prognosis with greater 
accuracy and convenience than every single parameter that 
reflects only limited associations with a particular aspect of 
chordoma, and thus are now widely used for individualized 
prediction of tumor patients [17, 18]. In the past, nomograms 
based on traditional Cox proportional hazard regression 
models and Kaplan–Meier methods have been employed 
extensively to predict survival outcomes in chordoma 
patients [16, 19–21]. However, it is a non-negligible draw-
back that competing risk (in other word, non-cause-specific 
death), such as non-cancer-specific death (NCSD), is treated 
as censored data in the traditional Cox and Kaplan–Meier 
survival analyses [22]. Additionally, the competing risk can 
preclude the occurrence of outcome of interest, thus intro-
ducing confusion and bias inevitably in Cox models [23].

Fine and Gray model, also called as competing risk 
model, was developed to handle survival data for a variety of 
outcomes including censored, CSD, and NCSD [24]. Plenty 
of evidence demonstrated that competing risk models are 
more accurate and stable in predicting outcomes when com-
peting risks are present, compared with the Kaplan–Meier 

and Cox models [25, 26]. Thus, based on a broad consen-
sus of the literature, the use of the competing risk model is 
preferentially recommended when one or more competitive 
risks are present, especially in the middle-aged and elderly 
population [22, 25]. It is well known that spinal and pelvic 
chordoma is most prevalent in people over the age of 40, 
who often have more chronic underlying diseases and there-
fore have competing risks that should not be ignored. Up 
to now, competing-risk-based prognostic nomograms have 
been constructed in remarkable amounts of cancers, such 
as endometrial cancer, spinal and pelvic chondrosarcoma, 
maxillary sinus carcinoma, and primary fallopian tube car-
cinoma [27–30]. Nonetheless, there is a lack of research on 
the use of competing risk model to construct nomogram to 
assess survival outcomes in patients with spinal and pelvic 
chordoma. We hypothesized that the competing risk model 
could better predict the outcome of spinal and pelvic chor-
doma patients.

In this study, we aimed to construct and validate a nom-
ogram based on competing risk model to predict 3- and 
5-year CSD in spinal and pelvic chordoma, given their dif-
ferent treatment and characteristics from those of skull base 
chordoma.

Materials and methods

Study population

In this retrospective cohort study, patients diagnosed with 
chordoma were extracted from the SEER database. The 
SEER database collects clinical cancer data in 18 different 
cancer registries since 1973, covering approximately 30% 
of the total population in the United States. For this study, 
patient consent was waived due to this observational study 
only using the information abstracted from the public SEER 
database.

Inclusion criteria were as follows: (1) chordoma diagnosis 
confirmed by positive histology, rather than biopsy; (2) chor-
doma diagnosed from 2003 to 2016, with vertebral column 
and pelvic bone as the primary site; (3) known months of 
survival. The exclusion criteria were: (1) unknown cause 
of death, including CSD and NCSD; (2) patients with sur-
vival time ≤ 1 month, because they could not be included 
in the competing risk model; (3) patients with missing or 
incomplete demographic and tumor information, including 
age, race, sex, marital, site, chemotherapy, range, subtype, 
radiotherapy, and surgery; and (4) patients with other malig-
nant tumors. Ultimately, 485 patients were eligible for final 
analysis. The flowchart of inclusion and exclusion processes 
is shown in Fig. 1. Demographic and tumor information of 
patients with spinal and pelvic chordoma were obtained 
through the SEER*Stat software (version 8.4.0).
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Variable selection and outcomes

The demographic variables, such as age at diagnosis, race, 
sex, and marital status, were included. Tumor character-
istics consist of primary site, histologic type, and tumor 
range. Treatment strategies of the patients, including radio-
therapy, chemotherapy, as well as surgery, were required. 
Age was obtained from the “Age recode with single ages 
and 100 + ” field and treated as one continuous variable. 
Race was determined according to the “Race recode (W, 
B, AI, API)” field and classified into three groups, includ-
ing white, black, as well as other (American Indian/Alaska 
Native and Asian or Pacific Islander). Site retrieved from 
the “Site and Morphology Primary site-labeled” field was 
divided into the spine (C41.2-Vertebral column) and pelvis 
(C41.4-Pelvic bones, sacrum, coccyx, and associated joints). 
According to the International Classification of Disease for 
Oncology, 3rd Edition (ICD-O-3) code, histologic type was 
divided into 3 subtypes: not otherwise specified (NOS, code 
9370), chondroid (code 9371), as well as dedifferentiated 
(code 9372). Surgical types were extracted according to the 
“RX Summ-Surg Prim Site (1998 +)” field and further cat-
egorized into three categories: no surgery (code 0), subto-
tal resection (codes 15, 19, 25, as well as 26), and radical 
resection (codes 30, 40, 41, 42, 50, 51, 52, 53, as well as 54). 
Codes 90 and 99 were treated as missing information. In the 
“SEER historic stage A (1973–2015)” field, primary tumor 
range was recorded as localized, regional, as well as dis-
tant. However, there existed many missing data in this field 
(n = 100, 17.6%). The “SEER Combined Summary Stage 
2000 (2004–2017)” field and M stage in the “Derived AJCC 
M, 6th ed (2004–2015)” field were consulted to impute miss-
ing data in this field. Finally, missing values still existed in 

some variables, including race (n = 8, 1.4%), range (n = 31, 
5.5%), radiotherapy (n = 16, 2.8%), and surgery (n = 17, 
3.0%). Patients with missing data were excluded.

Survival information assessed included CSD, NCSD, 
and survival months. CSD regarded as death due to chor-
doma was the primary outcome of interest in the present 
study. Deaths resulting from causes other than chordoma 
were determined as NCSD. CSD was extracted according 
to the “SEER cause-specific death classification” field and 
recorded as “Alive or dead of other cause” and “Dead (attrib-
utable to this cancer dx)” in the SEER database. NCSD was 
extracted according to the “SEER other cause of death clas-
sification” field and recorded as “Alive or dead due to can-
cer” and “Dead (attributable to causes other than this cancer 
dx)” in the SEER database. Survival time was deemed as the 
survival span from diagnosis of spinal and pelvic chordoma 
to death of any cause or censored.

Construction and validation of the nomogram

A total population of 485 patients was employed to build 
the competing risk model for CSD. Cumulative incidence 
function (CIF) curve was calculated to assess the incidence 
of CSD and competing risk for 3 and 5 years. CIF subgroup 
analyses were further performed, and the Fine and Gray test 
was adopted to explore the differences between the sub-
group of all kinds of variables. Multivariate competing risk 
model was carried out to determine the possible prognostic 
variables. Multivariate Cox regression analysis was also per-
formed for comparison. SHR was utilized to estimate the 
associations of patient characteristics with CSD. Factors that 
were of clinical significance in the multivariate analysis were 
adopted to build the nomogram.

The predictive performance of the prognostic nomogram 
was further evaluated. C-index, ROC curves, area under the 
curve (AUC), as well as calibration plots, were employed to 
evaluate the discrimination and calibration of the prognostic 
nomogram, while DCA was employed to measure the clini-
cal utility. For the C-index, value 1 showed perfect discrimi-
native performance, and value 0.5 showed random chance 
[31]. Ten-fold cross-validation, widely utilized to validate 
a model, was employed to assess the generalizability of the 
nomogram [32].

Statistical analyses

R-software (version 4.1.2) was employed for all statistical 
tests. “cmprsk”, “survival”, and “riskRegression” packages 
were used in the univariate and multivariate analysis. Pack-
ages, including “mstate”, and “regplot”, were used for nom-
ogram construction. Packages, including “prodlim”, “pec”, 
and “QHScrnomo”, were used for prognostic nomogram val-
idation. The step-by-step details about competing risk model 

Fig. 1  The flow diagram of inclusion and exclusion processes



1337European Spine Journal (2023) 32:1334–1344 

1 3

construction and validation could refer to Lin et al. [33]. 
Continuous variable (age) was reported as mean + standard 
deviation (SD), and categorical data, such as race, sex, as 
well as subtype, were expressed as frequencies and percent-
ages. Race and subtype were evaluated by Fisher's exact test, 
and other categorical variables were analyzed by chi-squared 
test. Multivariate competing risk model was used to identify 
the independent prognostic factors. In subgroup analyses, 
the differences were tested by Gray’s test. The final prog-
nostic nomogram included predictors that were of clinical 
significance in the multivariate analysis. P value of two-
sided < 0.05 was regarded as statistical significance.

Results

Patient characteristics

The detailed characteristics of patients were listed in 
Table 1. Among the 485 cases, 113 (23.3%) patients died 
of chordoma, and 99 (20.4%) patients died of causes other 
than chordoma. NCSD accounts for 46.7% of total death, 
and CSD accounts for 53.3% of total death, indicating 
that NCSD had great impact on the survival of patients 
with spinal or pelvic chordoma. The median follow-up 

Table 1  Baseline characteristics 
of patients with spinal and 
pelvic chordoma

Continuous variables with normality were presented as mean ± standard deviation
Categorical variables were shown as percentages
Data were present with Chi-square test. P < 0.05 was considered significant

Characteristics Overall Censored Cancer specific 
death

Non-cancer 
specific death

P value

N % N % N % N %

Age (years) 60.7 ± 17.8 54.8 ± 17.0 64.9 ± 17.1 71.9 ± 13.9  < 0.001
Race 0.604
 Black 16 3.3 12 4.4 2 1.8 2 2.0
 Other 43 8.9 27 9.9 9 8.0 7 7.1
 White 426 87.8 234 85.7 102 90.3 90 90.9

Sex 0.42
 Female 187 38.6 99 36.3 49 43.4 39 39.4
 Male 298 61.4 174 63.7 64 56.6 60 60.6

Marital 0.195
 Alone 205 42.3 106 38.8 51 45.1 48 48.5
 Married 280 57.7 167 61.2 62 54.9 51 51.5

Site 0.167
 Pelvis 285 58.8 170 62.3 59 52.2 56 56.6
 Spine 200 41.2 103 37.7 54 47.8 43 43.4

Subtype 0.004
 Chondroid 11 2.3 4 1.5 4 3.5 3 3.0
 Dedifferentiated 7 1.4 1 0.4 6 5.3 0 0
 NOS 467 96.3 268 98.2 103 91.2 96 97.0

Range  < 0.001
 Distant 40 8.2 12 4.4 21 18.6 7 7.1
 Localized 218 44.9 138 50.5 40 35.4 40 40.4
 Regional 227 46.8 123 45.1 52 46.0 52 52.5

Radiotherapy 0.789
 No 236 48.7 132 48.4 53 46.9 51 51.5
 Yes 249 51.3 141 51.6 60 53.1 48 48.5

Chemotherapy 0.039
 No 460 94.8 262 96.0 102 90.3 96 97.0
 Yes 25 5.2 11 4.0 11 9.7 3 3.0

Surgery  < 0.001
 No surgery 115 23.7 37 13.6 43 38.1 35 35.4
 Radical resection 191 39.4 133 48.7 26 23.0 32 32.3
 Subtotal resection 179 36.9 103 37.7 44 38.9 32 32.3
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period was 66 (39–102) months. The 3-year as well as 
5-year cumulative incidence of CSD were 11.0% (95% 
CI: 8.4–14.0%) and 15.8% (95% CI: 12.6–19.3%), by the 
competing risk model. Variables, including age, range, as 
well as surgical types, differed significantly between the 
censored, CSD as well as NCSD patients (P < 0.001 for 
all). The mean ages at diagnosis were 54.8 ± 17.0 years, 
64.9 ± 17.1 years, and 71.9 ± 13.9 years in the censored, 
CSD, and NCSD groups. The majority of patients were 
white (87.8%). NOS was the most prevalent cancer sub-
type (96.3%), followed by chondroid (2.3%), and dedif-
ferentiated (1.4%). The distribution of radiotherapy was 
no (48.7%) and yes (51.3%), respectively, while only 
5.2% of the total study population received chemother-
apy, probably attributed to the relatively limited efficacy 
of traditional chemotherapeutic agents. Of the 485 chor-
doma cases, 115 (23.7%) were treated with no surgery, 

191 (39.4%) were treated with radical resection, and 179 
(36.9%) were treated with subtotal resection.

CIF survival analysis

The CIF curves and P values analyzed by subgroup analysis 
are shown in Fig. 2. The results showed that patients with 
age older than 50 years (Fig. 2A), dedifferentiated subtype 
(Fig. 2E), distant involvement (Fig. 2F), received chemother-
apy and did not undergo surgery were positively associated 
with the incidence of CSD. However, patients with age lower 
than 50 years (Fig. 2A) as well as those who did not receive 
surgery (Fig. 2I) were significantly linked to increased inci-
dence of NCSD (P < 0.001 for both). Additionally, female, 
alone, and pelvis chordoma patients were correlated with a 
higher cumulative incidence level of CSD, with no signifi-
cant difference (P > 0.05). However, radiotherapy was not 

Fig. 2  The CIF curves of CSD and NCSD in patients with spinal and 
pelvic chordoma. A age; B sex; C marital; D site; E subtype; F range; 
G radiotherapy; H chemotherapy; I surgical types. In each panel, the 

solid line indicated CSD, while the dotted line designated NCSD. For 
every factor, the P value of the Fine and Gray test was calculated. 
P = 0 in Figures E, F and I represented P value < 0.0001
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statistically significantly correlated with CSD and NCSD 
(Fig. 2G).

Multivariate analyses by competing risk model 
and Cox model

To further determine the prognostic factors of patients with 
spinal and pelvic chordoma, we performed multivariate 
competing risk analyses in the total population. As shown 
in Table 2, significant prognostic factors affecting CSD in 
the proportional sub-distribution hazards regression model 
were age (sub-distribution hazards ratio [SHR]: 1.015, 
95% confidence interval [CI]: 1.003–1.028, P = 0.016), 
localized involvement (SHR: 0.275, 95% CI: 0.151–0.504, 

P < 0.0001), and radical resection (SHR: 0.385, 95% CI: 
0.221–0.670, P < 0.001). No significant differences were 
identified between the pelvis and spine (P = 0.050). Com-
pared with patients who did not treat with radiotherapy, 
the SHR of those who received radiotherapy was 0.950 
(95% CI 0.634–1.424), with no significant difference 
(P = 0.80). Subsequently, multivariate Cox proportional 
hazards model was also performed for comparison. The 
Cox regression analysis determined that older age (haz-
ard ratio [HR]: 1.026, 95% CI: 1.013–1.040, P < 0.001), 
site (HR: 1.711, 95% CI:1.127–2.598, P = 0.012), local-
ized involvement (HR: 0.226, 95% CI: 0.126–0.406, 
P < 0.0001), as well as radical resection (HR: 0.272, 95% 
CI: 0.154–0.480, P < 0.0001) were independent predictors.

Table 2  Results of multivariate 
analysis by the Cox and Fine-
Gray models

P < 0.05 was considered significant

Characteristics Cox Fine-gray

HR 95%CI P value SHR 95%CI P value

Age 1.026 1.013–1.040  < 0.001 1.015 1.003–1.028 0.016
Race
 Black 1.000 Reference 1.000 Reference
 Other 0.956 0.200–4.564 0.955 1.031 0.201–5.283 0.97
 White 1.179 0.284–4.902 0.821 1.192 0.268–5.308 0.82

Sex
 Female 1.000 Reference 1.000 Reference
 Male 0.961 0.651–1.418 0.840 0.922 0.614–1.384 0.69

Marital
 Alone 1.000 Reference 1.000 Reference
 Married 0.923 0.626–1.361 0.685 1.034 0.693–1.545 0.87

Site
 Pelvis 1.000 Reference 1.000 Reference
 Spine 1.711 1.127–2.598 0.012 1.543 1.000–2.381 0.050

Subtype
 Chondroid 1.000 Reference 1.000 Reference
 Dedifferentiated 2.361 0.611–9.126 0.213 3.602 0.759–17.083 0.11
 NOS 0.373 0.134–1.045 0.061 0.596 0.166–2.142 0.43

Range
 Distant 1.000 Reference 1.000 Reference
 Localized 0.226 0.126–0.406  < 0.0001 0.275 0.151–0.504  < 0.0001
 Regional 0.326 0.186–0.572  < 0.0001 0.368 0.203–0.667  < 0.001

Radiotherapy
 No 1.000 Reference 1.000 Reference
 Yes 0.856 0.576–1.272 0.442 0.950 0.634–1.424 0.80

Chemotherapy
 No 1.000 Reference 1.000 Reference
 Yes 1.346 0.676–2.678 0.398 1.642 0.821–3.281 0.16

Surgery
 No surgery 1.000 Reference 1.000 Reference
 Radical resection 0.272 0.154–0.480  < 0.0001 0.385 0.221–0.670  < 0.001
 Subtotal resection 0.497 0.297–0.833 0.008 0.669 0.401–1.117 0.12
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Nomogram construction and validation

The significant variables identified in the multivariate 
competing risk model were included in the nomogram. 
Finally, a nomogram constructed by three meaningful 
variables, including age, range, and surgical types, was 
used to visualize the 3-year and 5-year probability of CSD 
for patients with spinal and pelvic chordoma (Fig. 3).

The C-indexes of the nomogram for evaluating the 
3- and 5-year probability of CSD were 0.799 and 0.76. 
AUC of this competing risk-based nomogram for predict-
ing 3- and 5-year likelihoods of CSD were 0.812 (95% CI: 
0.748–0.876, Fig. 4A) and 0.778 (95% CI: 0.711–0.846, 
Fig. 4B), respectively, indicating excellent discrimination 
ability of this present model. As shown in the calibration 
graphs, curves for 3-year (Fig. 4C) and 5-year (Fig. 4D) 
CSD exhibited relatively perfect agreement between 
observed and predicted probabilities. The high clini-
cal application value of the prognostic nomogram was 
confirmed by DCA (Fig. 4E and F). When the threshold 
probability was between about 0.05 and 0.45, net benefit 
could be obtained. Finally, to assess the generalizability 
of the model, 10-fold cross-validation was conducted. The 
C-index was 0.688 in the internal validation, indicating 
relatively strong stability of the prognostic nomogram.

Discussion

Herein, we successfully constructed and validated a compet-
ing risk model-based nomogram built by three predictors 
for predicting the 3- and 5-year CSD in spinal and pelvic 
chordoma patients. The final model showed relatively well 
discrimination, calibration, and clinical utility in the internal 
validation, with the C-indexes of 0.799 and 0.76 for 3- and 
5-year CSD. Take an example of using the prognostic nomo-
gram. One 55-year-old patient with regional involvement 
was treated with radical resection. He gained cumulative 
point scores of 98.6 by adding up all the scores obtained in 
age, range, and surgical types. Correspondingly, the prob-
abilities of CSD of 3- and 5-year were 0.0369 and 0.066.

Independent predictors of CSD, including age at diagno-
sis, sex, race, stage, surgical types, year of diagnosis, mari-
tal status, primary site, histological type, radiation therapy, 
and tumor size, were identified for spinal and pelvic chor-
doma patients based on Cox and Kaplan–Meier models in 
previous studies [16, 19, 20]. However, after selection by 
competing risk model, factors that influenced the probabil-
ity of CSD were age, range, and surgical types in the final 
model, unlike the results determined by traditional Cox and 
Kaplan–Meier analyses. Different results may be attributed 
to differences between the two models. In traditional Cox 
and Kaplan–Meier models, competing risk is considered 
censored and the impact of competing risk on events of 
interest is ignored, thus may inaccurately predict the prob-
ability of interest events. Notably, numerous meta-analyses 

Fig. 3  Nomogram based on 
competing risk model for 
predicting the 3-year and 5-year 
probabilities of CSD in spinal 
or pelvic chordoma. Take for 
an example. One 55-year-old 
patient with regional involve-
ment was treated with radical 
resection. He gained cumulative 
point scores of 98.6 by adding 
up all the scores obtained in 
age, range, and surgical types. 
Correspondingly, the probabili-
ties of CSD of 3- and 5-year 
were 0.0369 and 0.066
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Fig. 4  Time-dependent ROC curves, calibration plots, and DCA for 
the competing risk model-based nomogram. A ROC curves of the 
nomogram in predicting 3-year CSD; B ROC curves of the nomo-
gram in predicting 5-year CSD; C calibration plots of the nomogram 

in predicting 3-year CSD; D calibration plots of the nomogram in 
predicting 5-year CSD; E DCA of the nomogram in predicting 3-year 
CSD; F DCA of the nomogram in predicting 5-year CSD



1342 European Spine Journal (2023) 32:1334–1344

1 3

comparing Cox and Kaplan–Meier models with competing 
risk models confirm that the Cox and Kaplan–Meier methods 
overestimated the cumulative incidence of interest event in 
the presence of competing risk and that the use of competing 
risk models in such cases ensured more accurate results [26, 
34]. To demonstrate the differences between the two models 
in predicting the prognosis of patients with chordoma, we 
also provide the nomogram constructed by traditional Cox 
and Kaplan–Meier methods. As shown in supplementary 
Fig. 1, one 55-year-old patient with regional involvement 
who was treated with radical resection, the probabilities of 
CSD of 3- and 5-year were 0.0446 and 0.0717, respectively. 
Compared with the result obtained from the competing risk 
nomogram (Fig. 3), the probabilities of CSD of 3- and 5-year 
were 0.0369 and 0.066. This further confirmed that the Cox 
and Kaplan–Meier model overestimated the cumulative inci-
dence of CSD in the presence of competing risk in chordoma 
patients.

Besides, compared with the previous Cox model, 
although only three factors are included in the competing 
risk model, it has comparable C-indexes that 0.799 for 3-year 
CSD and 0.76 for 5-year CSD. Huang et al. [16] reported the 
C-index of a nomogram based on Cox and Kaplan–Meier 
models for predicting 3-, 5-, and 10-year survival in spi-
nal chordoma patients was 0.76. Similarly, Meng et al. [20] 
showed the C-indexes of the Cox model-based nomogram 
for predicting local relapse-free survival and overall survival 
were 0.79 and 0.76. Therefore, this competing-risk-based 
nomogram is recommended when one plans to predict the 
3- and 5-year probabilities of CSD in patients with spinal 
and pelvic chordoma.

Consistent with previous studies [16], our study showed 
that patients who were older than 50 years, did not undergo 
surgery, and had distant involvement were more likely to 
have worse outcomes. Of the three independent predictors, 
age (P < 0.001) and surgical types (P < 0.001) were sig-
nificantly associated with both CSD and NCSD in the CIF 
analysis. As we know, older patients are more likely to die 
from NCSD, such as heart disease and chronic obstructive 
pulmonary disease, which is competing risk in the com-
peting risk model [35]. In our study, NCSD accounts for 
a relatively large proportion of total death (46.7%), nearly 
equal to CSD (53.3%), suggesting that NCSD has a great 
role in the prognosis of chordoma patients. Therefore, NCSD 
should be taken into account when one planned to predict 
the outcome of spinal and pelvic chordoma patients. This 
further highlighted the equal importance of meticulous man-
agement to avoid NCSD, particularly in elderly chordoma 
patients. The extent of surgical resection was another key 
predictor in determining clinical outcomes in the present 
model. Advances in surgical techniques in recent years, such 
as arterial embolization technology, are beneficial to facili-
tate surgical resection [36]. Nonetheless, complete en-bloc 

surgical resection with negative margins is still a major chal-
lenge. We can see that in the current research. Among the 
485 recipients, only 191 cases (39.4%) were treated with 
radical resection. Consistent with our study, several studies 
indicated that surgery with negative margins was still the 
preferred treatment to achieve local control and a well long-
term outcome [37]. Besides, a retrospective cohort study 
by Zuckerman et al. [38] certified that although complete 
en-bloc surgical resection with negative margins was not 
statistically significantly correlated with overall survival, it 
was significantly associated with lower levels of local recur-
rence in patients with sacral chordoma. More studies are still 
needed in the future to verify the prognostic importance of 
surgical types for spinal and pelvic chordoma. In addition, 
previous studies have shown that chordoma is inherently 
resistant to conventional chemotherapy and radiotherapy 
[39]. This finding is consistent with our results that neither 
chemotherapy nor radiotherapy were independent prognostic 
factors in multivariate Cox or competing risk models. Sur-
prisingly, in our series, individuals receiving chemotherapy 
showed a higher cumulative incidence level of CSD, possi-
bly the indication of an advanced stage of the tumor, making 
them unfit for complete surgical resection.

This competing-risk-based nomogram has the following 
strengths. First of all, it is noteworthy that for the first time, 
we constructed a competing risk model-based nomogram 
for patients with spinal and pelvic chordoma. In addition, 
factors (age, range, as well as surgical types) included in 
the final model were conventional clinical parameters and 
readily available. Besides, our model built by a relatively 
small number of prognostic factors has a quite good per-
formance in predicting 3- and 5-year CSD, compared with 
several models previously constructed by other investiga-
tors. Moreover, chordoma is a rare tumor, and the cases of 
previous studies are always limited to a single center, so it 
is difficult to construct a prognostic nomogram in a limited 
population and even introduces confusion and bias, mak-
ing the study results inaccurate [40]. By contrast, the SEER 
database, which covers a large number of cancer patients 
[41], was used in this study, and 485 cases were included 
in the final analysis, which is a relatively large cohort com-
pared to numerous previous studies. Additionally, unlike 
other studies that simply delete the censored information, 
a large portion of missing values in this study was imputed 
by consulting the related field in the database. Furthermore, 
another strength of the present study is that DCA was also 
employed to estimate the net benefit of the nomogram. Col-
lectively, using this nomogram with relatively high predic-
tive performance is expected to reduce the burden of spinal 
and pelvic chordoma by risk stratification and personalized 
treatments [42].

This study also has certain limitations. Firstly, tumor size 
has been identified as an independent prognostic factor in 
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endometrial cancer and somewhat suggests a possible cor-
relation with survival in patients with chordoma [27]. Due 
to the large percentage of missing information (39.2% in the 
original data), the present study, unfortunately, did not include 
the above indicator. Secondly, chemotherapy retrieved from 
the database was defined as “yes” and “no/unknown”, but we 
did not know the exact information about “no/unknown”, thus 
probably introducing significant bias. Thirdly, all the data were 
extracted from the SEER database, external validation did not 
carry out, but with ten-fold cross-validation in the internal 
validation. Finally, the present research was designed as a ret-
rospective study with inherent selection bias.

Conclusion

We successfully constructed and internally validated a com-
peting risk model-based prognostic nomogram for predicting 
the 3- and 5-year CSD in spinal and pelvic chordoma patients 
using public data abstracted from the SEER database. This 
simple but accurate tool can help clinicians with precise prog-
nostic assessment and thus improve survival outcomes.
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