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Chordoma is a rare bone tumor with the characteris-
tics of aggressive growth and poor prognosis, and 
is considered to arise from notochordal remnants.17 

The annual incidence of the tumor is close to one case per 
million people, which accounts for 1%–4% of all malig-
nant bone tumors.13 The tumor mainly locates in the axial 
skeleton: almost 50% are found in the sacrococcygeal re-
gion, followed by the clival region (35%) and mobile spine 
(15%).20 It is pathologically classified into three types: con-
ventional, chondroid, and dedifferentiated.6

Chordoma is not sensitive to chemotherapy and radio-
therapy.15 Targeted drugs do not show satisfactory effect 
either. Thus, gross-total resection (GTR) is still the first 

choice of neurosurgeons. However, the tendency of chor-
domas to adhere to and infiltrate into important structures 
make it difficult to achieve GTR, resulting in high recur-
rence rates.16 So far, there has been no study reporting a 
method for predicting the prognosis of clival chordoma. A 
nomogram is a clinically practical prediction model that 
has been used in many tumors, such as prostate and gas-
tric cancers.9 Use of a nomogram could help doctors make 
clinical decisions and effectively follow-up patients, which 
would improve the prognosis.10 Therefore, establishing a 
nomogram to predict the prognosis of clival chordoma 
could be very useful, and predicting the prognosis is criti-
cal to both neurosurgeons and patients for treatment deci-
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OBJECTIVE Chordoma shows poor patient prognosis because of its high recurrence rate. Even though many clinical 
factors and biomarkers are reported to be associated with prognosis, no prediction model has been applied clinically. 
Thus, the authors aim to derive and validate a prognostic nomogram to predict progression-free survival (PFS) of chor-
doma.
METHODS A total of 201 patients were randomly divided into a derivation group (151 cases) and a validation group (50 
cases). The expression levels of biomarkers were quantified using tissue microarray analysis. A nomogram was estab-
lished via univariate and multivariate Cox regression analysis in the derivation group. The predictive performance of the 
nomogram was then tested in the validation group.
RESULTS The mean follow-up interval was 57 months (range 26–107 months). One clinical factor and 3 biomarkers 
were confirmed to be associated with PFS, including degree of resection, E-cadherin, Ki-67, and VEGFA. The nomo-
gram with these prognostic factors had areas under the receiver operating characteristic curve of 0.87 and 0.95 in the 
derivation group at 3 years and 5 years, respectively, compared with 0.87 and 0.84 in the validation group. Calibration 
and score-stratified survival curve were good in the derivation group and validation group, respectively.
CONCLUSIONS The established nomogram performs well for predicting the PFS of chordoma and for risk stratification, 
which could facilitate prognostic evaluation and follow-up.
https://thejns.org/doi/abs/10.3171/2019.10.JNS192414
KEYWORDS chordoma; progression-free survival; nomogram; oncology

J Neurosurg Volume 134 • January 2021144 ©AANS 2021, except where prohibited by US copyright law

Unauthenticated | Downloaded 05/23/23 11:23 PM UTC

https://www.neurosurgicalatlas.com/volumes/cranial-base-surgery/other-skull-base-tumors/chordoma-and-chondrosarcoma?k=JNS-QMGmSqVgRTKCNJtG6sPC


J Neurosurg Volume 134 • January 2021 145

Zhai et al.

sion-making. The aim of our study is to create and validate 
a nomogram to predict progression-free survival (PFS) of 
clival chordoma.

Methods
Study Population

A total of 201 patients who underwent an operation us-
ing an endonasal endoscopic approach or craniotomy ap-
proach between January 2008 and December 2014 at Bei-
jing Tiantan Hospital were included in the study. The in-
clusion criteria were as follows: 1) the lesions were located 
in the clival region, 2) the histopathological diagnosis was 
chordoma, 3) medical records were complete, and 4) the 
follow-up interval was at least 24 months. Exclusion crite-
ria were as follows: 1) tumor specimen was insufficient for 
building the tissue microarray (TMA), 2) medical records 
were incomplete, 3) and patients were lost to follow-up. 
The medical ethics committee of Beijing Tiantan Hospital 
approved the study.

The degree of resection was determined by comparing 
postoperative with preoperative imaging, and divided into 
three categories: gross-total resection (GTR; no residual 
tumor in the postoperative imaging), subtotal resection 
(STR; < 5% residual tumor), and partial resection (PR; > 
5% residual tumor).4 Tumor volume was estimated by us-
ing the Coniglobus formula3 (length × width × height/2).

Immunohistochemical Staining and Analysis
Formalin-fixed, paraffin-embedded chordoma speci-

mens were used to build a TMA. Sections (4 μm thick) 
were cut from each TMA. The automated immunohisto-
chemical staining system (Leica BOND III) was used to 
perform immuohistochemical staining. The stained TMA 
slides were scanned by a Leica Aperio AT2 scanner at a 
magnification of 400×. The digital images were analyzed 
by Leica Aperio ImageScope software (version 12.3). 
The H-score was calculated to quantify staining intensity. 
The H-score = 1 × (percentage of weakly positive) + 2 × 
(percentage of moderately positive) + 3 × (percentage of 
strongly positive).11 Thus, the H-score ranges from 0 to 300.

Statistical Analysis and Nomogram Construction
All patients were randomly divided into two groups 

(ratio of patients in the derivation group to those in the 
validation group = 3 to 1). The chi-square test or t-test 
was used to evaluate differences between the two groups. 
Cox regression analysis (univariate and multivariate) was 
used to identify the risk factors. First we performed uni-
variate Cox regression analysis using all the clinical and 
biomarker variables. Then, multivariate Cox regression 
analysis was performed using variables with p values < 
0.05 in the univariate analysis. The backward model14 was 
used to select the independent factors, which was used to 
establish the nomogram.

A nomogram was formulated based on the results of 
multivariate Cox regression analysis in the derivation 
group. To evaluate the nomogram performance, the area 
under the receiver operating characteristic (ROC) curve 
(AUC) was used to evaluate the sensitivity and specificity 
of the nomogram,7 and a calibration curve was drawn as 

an indicator of internal calibration.5 Regarding the AUC, 
a value > 0.7 indicates a good discrimination. The no-
mogram performance was then further evaluated in the 
validation group by ROC and calibration curve. Lastly, 
according to the nomogram, we calculated the risk score 
for every patient. Patients were divided into two groups 
(high-risk vs low-risk) by the mean score. The PFS was 
compared between the high-risk and low-risk groups us-
ing the Kaplan-Meier method. The biomarker expression 
levels were also compared between the two groups.

Statistical analyses were performed using the R statisti-
cal program (version 3.5.1). The following packages were 
used during analysis: “survival” (Terry M. Therneau), 
“plyr” (Hadley Wickham), “rms” (Frank E. Harrell), and 
“survminer” (Alboukadel Kassambara). A p value < 0.05 
was defined as statistically significant.

Results
Patient Summary

A total of 201 patients (111 men and 90 women) were 
included in the study. These patients harbored 149 pri-
mary and 52 recurrent chordomas. The mean patient age 
was 41.02 years (range 3–78 years). The mean duration 
of medical history was 19.24 months (range 0.5–120 
months). Tumor volume ranged from 1.44 cm3 to 210 cm3 
(mean 33.36 cm3). According to the Al-Mefty classifica-
tion,1 there were 28, 97, and 76 cases of type I, type II, 
and type III chordomas, respectively. TR was achieved 
in 64 cases (31.8%), STR in 66 cases (32.8%), and PR in 
71 cases (35.4%). There are 89 patients (44.3%) receiving 
postoperative radiotherapy. The mean follow-up interval 
was 57 months (range 26–107 months).

The patients were randomly divided into two groups 
(derivation group, n = 151 cases; validation group, n = 50 
cases). Patient characteristics are shown in Table 1, which 
were similar overall between the derivation and validation 
groups.

Univariate and Multivariate Analysis
Based on literature reviews and previous results from 

our research team, we focused on 8 clinical factors and 
50 biomarkers that could be prognostic factors. Then, Cox 
regression analysis was performed in the derivation group 
to determine the potential prognostic factors. The median 
PFS was 24 months. The PFS rates at 3 and 5 years were 
41.8% and 27.9%, respectively.

Univariate Cox regression analysis was used to explore 
the association between prognosis and each clinical factor 
and biomarker. Among 8 clinical factors, 3 factors (GTR, 
Al-Mefty type I, and primary chordoma) were signifi-
cantly favorable clinical factors. Among 50 biomarkers, 
8 (Ki-67, E-cadherin, Ras, NF-KB, BRCA2, Caspase-8, 
VEGFA, and SFRP4) were significant prognostic bio-
markers (Fig. 1).

Multivariate Cox regression analysis was performed 
among clinical factors and candidate biomarkers, respec-
tively. We found that among the 3 significant clinical fac-
tors in univariate Cox regression, degree of resection was 
the only statistically significant independent prognostic 
factor. Among the 8 candidate biomarkers, 3 biomarkers 
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(Ki-67, E-cadherin, and VEGFA) were independent prog-
nostic factors. Table 2 presents the results of univariate 
and multivariate Cox regression analysis among clinical 
factors and candidate biomarkers in the derivation group.

Based on the clinical factors and biomarkers, we es-
tablished a PFS prediction model in the derivation group. 
The prognostic index (PI) was calculated by the follow-
ing equation: PI = 0.8904 × degree of resection + 0.0291 
× E-cadherin score + 0.0447 × Ki-67 score + 0.0035 × 
VEGFA score. The higher the PI was, the worse the prog-
nosis would be.

Nomogram Derivation and Validation
A nomogram (Fig. 2) representing the prognostic mod-

el was derived to make it easier to use clinically. The es-
timated 3- and 5-year PFS rates were obtained according 
to the sum of each variable score. The ROC curve was 
used to evaluate the sensitivity and specificity of the no-
mogram. The model showed a good sensitivity and speci-
ficity with AUCs of 0.87 and 0.95 for PFS prediction at 3 
and 5 years, respectively (Fig. 3A). The calibration graph 
was drawn with the predicted 3-year PFS rate and corre-
sponding observed PFS rate. It showed a good calibration 
of the nomogram (Fig. 3C).

According to the established nomogram, the score 
of each patient in the derivation group was calculated. 
Furthermore, the derivation group was divided into two 
groups by the mean score (cutoff value 105): a low-risk 

group (lower than the mean score of the group) and a high-
risk group (higher than the mean score of the group). The 
median PFS of the low-risk group was 48 months, which 
was significantly higher than that of the high-risk group 
(12 months, p < 0.0001; Fig. 4A). The mean Ki-67 positive 
rate of the low-risk group in the derivation dataset was 
9.79%, which was significantly lower than that of high-risk 
group (19.60%, p < 0.0001; Table 3).

To validate the nomogram’s stability, we conducted a 
validation study using a validation group. The AUCs of 
the nomogram in the validation group were 0.87 and 0.84 
for PFS prediction at 3 years and 5 years, respectively, 
demonstrating a good prediction (Fig. 3B). The calibration 
graph of the validation group showed a moderate calibra-
tion (Fig. 3D). The validation group was also divided into 
two groups (low-risk and high-risk groups) by the same 
cutoff value of the derivation group (cutoff value = 105). 
The median PFS values of the low-risk and high-risk 
groups were 42 and 12 months (p = 0.0002), respectively. 
The score-stratified survival curve showed satisfactory 
stratification (Fig. 4B). The mean Ki-67 positive rate of the 
low-risk group in the validation dataset was 8.74%, which 
was significantly lower than that of the high-risk group 
(18.42%, p = 0.0002; Table 3).

Discussion
Chordoma has a poor prognosis because of a high re-

currence rate. It has been reported that the 5-year rates 

TABLE 1. Patient characteristics

Characteristic Derivation Group Validation Group p Value

No. of patients (%) 151 (75.1) 50 (24.9)
Sex, n (%) 0.97
 Male 84 (55.6) 27 (54.0)
 Female 67 (44.4) 23 (46.0)
Mean age (range), yrs 41.89 (8–78) 38.38 (3–69) 0.17
Mean duration of history (range), mos 20.62 (1–120) 15.09 (0.5–96) 0.23
Mean volume (range), cm3 32.54 (1.74–180.31) 35.82 (1.44–210) 0.59
Al-Mefty classification, n (%) 0.12
 Type I 25 (16.6) 3 (6.0)
 Type II 73 (48.3) 24 (48.0)
 Type III 53 (35.1) 23 (46.0)
Primary tumor, n (%) 110 (72.8) 39 (78.0) 0.59
Recurrent tumor, n (%) 41 (27.2) 11 (22.0)
Degree of resection, n (%) 0.15
 GTR 49 (32.5) 15 (30.0)
 STR 54 (35.8) 12 (24.0)
 PR 48 (31.7) 23 (46.0)
Postop radiotherapy, n (%) >0.99
 Yes 67 (44.4) 22 (44.0)
 No 84 (55.6) 28 (56.0)
Complications, n (%) >0.99
 Yes 67 (44.4) 22 (44.0)
 No 84 (55.6) 28 (56.0)
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FIG. 1. Univariate Cox regression analysis of 8 clinical factors (A) and 50 biomarkers (B). Scatter diagram showed that 3 clinical 
factors and 8 biomarkers were statistically significant. The red vertical line represents a p value of 0.05. Figure is available in color 
online only.
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for PFS and overall survival (OS) were 59.2% and 77.3%, 
respectively.22 Postoperative enhanced MRI is the most 
widely used evaluation technique in follow-up. There are, 
as far as we know, many prognostic factors that have been 
reported, such as degree of resection, radiotherapy,2 SNF5, 
PDGFR-β,21 PARP1, etc. However, few prediction models 
have been established in the published studies, which is 
inconvenient for early diagnosis or regrowth monitoring. 
Therefore, we decided to establish an efficient prediction 

model to predict regrowth of clival chordoma using clini-
cal factors and biomarkers.

Many articles have reported clinical factors associated 
with PFS, but no consensus has been reached in this re-
spect. As has been consistently shown in previous stud-
ies,12,15 radical resection can significantly improve a pa-
tient’s prognosis. Among the clinical factors in this study, 
degree of resection was the only independent prognostic 
factor, which is the most important prognostic factor (haz-

FIG. 2. Nomogram for 3- and 5-year PFS in patients with clival chordomas.

TABLE 2. Univariate and multivariate Cox regression analysis

Variable
Univariate Analysis  

(p Value)
Multivariate Analysis

HR 95% CI p Value

Clinical factors
 Age 0.498
 Sex (female vs male) 0.4223
 Duration of history 0.1294
 Volume 0.1055
 Degree of resection (PR or STR vs GTR) <0.0001 2.7167 1.9413–3.802 <0.0001
 Al-Mefty classification (type II or type III vs type I) 0.0013 NS
 Recurrent vs primary chordoma 0.0018 NS
 With vs without postop radiotherapy 0.3234
Biomarkers
 Ki-67 expression level <0.0001 1.0285 1.0107–1.047 0.0016
 E-cadherin expression level 0.0036 1.0231 1.0081–1.038 0.0024
 Ras expression level 0.0062 NS
 NF-KB expression level 0.0107 NS
 BRCA2 expression level 0.0115 NS
 Caspase-8 expression level 0.0183 NS
 VEGFA expression level 0.0281 1.0079 1.0027–1.013 0.0029
 SFRP4 expression level 0.0284 NS

CI = confidence interval; NS = predictors nonselected with the backward method.
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FIG. 3. A and B: ROC curves of the nomogram in the derivation (A) and validation (B) groups. C and D: Calibration of the nomo-
gram in the derivation (C) and validation (D) groups. Figure is available in color online only.
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ard ratio [HR] = 2.7167). With the assistance of intraopera-
tive navigation and Doppler ultrasonography, the neuro-
surgeon can recognize important structures surrounding 
the tumors, which improves the GTR rate without increas-
ing the complication rate. Thus, GTR with protection of 
surrounding structures is the first choice of neurosurgeons.

Radiotherapy, especially proton therapy, has been re-
ported to improve local control and PFS of chordoma.2 In 
our study, the multivariate Cox regression analysis showed 
that radiotherapy has no relation with PFS. This indicates 
that chordoma is resistant to radiotherapy, and more stud-
ies are needed to explore its role in prolonging PFS.

The Al-Mefty classification is an important factor dur-
ing the preoperative assessment,1 which reveals the dif-

ficulty of resection. However, it was not an independent 
prognostic factor in our study. We speculate that this clas-
sification affects patients’ PFS through affecting the resec-
tion rate.

Ki-67 locates in the nucleus, which is positive in prolif-
erating cells, and shows the proliferative activity of cells.18 
In our previous study, the average OS in the low Ki-67 
expression group was significantly longer than that in the 
high Ki-67 expression group.19 Karamchandani et al.8 also 
found that a chordoma with high Ki-67 expression would 
recur within 2 months. VEGFA and E-cadherin expres-
sions are prognostic markers in oral squamous cell carci-
noma, hepatocellular carcinoma, clear cell renal cell carci-
noma, and others. However, few articles have reported the 

FIG. 4. Kaplan-Meier survival curve of patients in the derivation (A, p < 0.0001) and validation (B, p < 0.0001) groups stratified by 
nomogram-predicted score. In the low-risk group, the score is lower than the mean score of the group; in the high-risk group, the 
score is higher than the mean score of the group. Figure is available in color online only.
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prediction value of E-cadherin and VEGFA in chordoma. 
In our study, we are the first to report that they are inde-
pendent prognostic factors, which provides a new research 
direction.

Even though many biomarkers are reported to be as-
sociated with prognosis, none of them have been adapted 
for clinical use because of their low sensitivity and incon-
venience. To assist the neurosurgeon in clinical decision-
making, we developed a nomogram using the clinical 
factor and biomarkers. The cutoff value derived from the 
nomogram could obviously divide patients into long and 
short PFS groups. We consider it a very useful tool to pre-
dict the PFS of chordoma, help neurosurgeons make deci-
sions, and stratify patients for follow-up. All of the factors 
included in the nomogram are objective factors, guaran-
teeing its stability and wider applicability.

However, our study has some limitations. First, the 
nomogram needs to be further evaluated by prospective 
research with larger sample sizes in multiple centers. Sec-
ond, the role of radiotherapy remains controversial. Some 
published articles found that radiotherapy, especially pro-
ton therapy, could prolong PFS. In contrast, some reported 
that radiotherapy did not offer a survival benefit. In our 
study, the Cox regression analysis showed no relationship 
between radiotherapy and PFS. This may be due to the low 
proportion of postoperative radiotherapy. Thus, the role of 
radiotherapy needs to be further studied.

Conclusions
We found that degree of resection as well as E-cadherin, 

Ki-67, and VEGFA expression levels were independent 
prognostic factors of PFS in patients with clival chordoma. 
The established nomogram, consisting of a clinical factor 
and biomarkers, provides a novel tool to predict progno-
sis and performs well for risk stratification. The sensitivity 
and specificity is good in both the derivation and validation 
groups.
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