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ABSTRACT

AIM: To establish a model of intracranial and spinal cord anaplastic ependymomas, and to find out their independent prognostic 
factors.    
MATERIAL and METHODS: Data from 305 patients with anaplastic ependymoma in the brain and spinal cord from the Surveillance, 
Epidemiology, and End Results (SEER) database between 1988 and 2015 were retrospectively extracted and analyzed using the R 
software. Statistical significance indicators were identified using the Cox regression analysis. The nomogram visualized the model 
and was corrected using the concordance index (C-index), area under the curve (AUC), and calibration curve. 
RESULTS: Analysis revealed that age and treatment were found to be of statistical significance in this study. On the basis of 
the results of the present study, the model’s C-index was 0.777 and the AUC value of the time-dependent receiver operating 
characteristic curve at 2, 3, and 5 years were 0.758, 0.775, and 0.788, respectively, demonstrating a decent discriminatory ability. 
Finally, a nomogram was constructed and validated using a validation curve.
CONCLUSION: In summary, the present study revealed the two risk factors (including age and treatment) as independent prognostic 
factors for patients with anaplastic ependymoma in the spinal cord and brain. The suggested model can accurately assess the 
disease-specific survival rate of these patients and can provide recommendations for optimal treatment options. 
KEYWORDS: Anaplastic ependymoma, Postoperative, Nomogram, Prognostic factors, Time-dependent receiver operating 
characteristic (ROC)

ABBREVIATIONS: SEER: The surveillance, epidemiology, and end results, WHO: World health organization, C-index: Concordance 
index, ROC: The time-dependent receiver operating characteristic, AUC: Area under the curve, HR: Hazard ratio
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With respect to imaging diagnosis, enhanced MRI is the main 
diagnostic method for diagnosing ependymoma (20,39). The 
most common calcification in subependymal tumors can be 
visualized more optimally by computed tomography (27). With 
respect to pathological characteristics, for anaplastic ependy-
moma, WHO grade III includes the characteristics of high mi-
totic activity and microvascular proliferation. Moreover, pseu-
dopalisading necrosis may also be observed. Nevertheless, 
the precise histological differentiation of WHO grade II and III 
ependymoma is challenging, and its role in predicting survival 
has been controversial (6).

█   INTRODUCTION

Ependymoma is the second most common brain tumor 
in children and accounts for approximately 3%–5% of 
central nervous system tumors in adults (12,13,24). Now 

ependymoma is divided into supratentorial, posterior fossa 
(PF) and spinal cord molecular groups according to histopa-
thology, molecular characteristics and anatomical location 
(36). Intramedullary ependymoma accounts for approximately 
50% of intramedullary tumors in adults (7,11,26,32). 
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On the basis of the literature, prognosis of this disease is more 
optimal than that of other intramedullary tumors (34) as there 
are guidelines recommending postoperative ependymoma at 
grade II while all patients with ependymoma at grade III un-
dergo radiotherapy (2,15,25). Previous studies demonstrated 
that temozolomide has been the primary treatment for adult 
patients (27) although larger studies are required for confir-
mation. Importantly, surgery is still vital for ependymoma in 
adult patients (27). However, surgery and radiotherapy are the 
primary treatment options for children with ependymoma (23). 

On the basis of all of the above, it can be concluded that there 
is not yet a universal treatment option.

Although there are various studies regarding anaplastic 
ependymoma in the brain or spinal cord, our group was 
the first to establish a model of spinal cord and intracranial 
anaplastic ependymoma.

In the present study, data from 305 cases of anaplastic 
ependymoma in the spinal cord and brain were retrospectively 
extracted from the SEER database and R software was used 
to screen out statistical variables as independent prognostic 
factors. The prognosis of patients was performed using a 
nomogram, and the model was calibrated using a calibration 
curve. 

█   MATERIAL and METHODS
Data Sources

Spinal cord and intracranial anaplastic ependymoma data 
between 1988 and 2015 were retrospectively obtained from 
the SEER database using SEER*Sat version 8.3.8 (https://
seer.cancer.gov/), including 18 seer registry studies.

Inclusion and Exclusion Criteria

Assessment of spinal cord and intracranial anaplastic 
ependymoma was focused in obtaining the independent 
prognostic risk factors. The inclusion criteria included (a) 
positive histological examination of anaplastic ependymoma 
diagnosed between 1988 and 2015 with histology code 2000 
and all cases with (b) treatment information, (c) detailed follow-
up date; and (d) anaplastic behavior recode. Exclusion criteria 
included those with (a) unknown survival time; (b) unknown 
extension; (c) only chemotherapy treatment; (d) no treatment; 
(e) surgery radiation; and (f) surgery contraindications due to 
other conditionconditions; autopsy only (Figure 1).

Data Variables

Data concerning age, sex, race, year of diagnosis, treatment 
(including surgery chemotherapy sequence unknown, surgery, 
radiation after surgery, radiation after surgery chemotherapy 
sequence unknown, and radiation), location (brain and 
spinal cord), situation (posterior fossa and other), and tumor 
extension (including localized and further extension) were 
collected. All cases had a well-defined return date. 

Statistical Analysis

Initially, univariate Cox regression analysis was used to 
identify possible prognostic risk factors and those with p<0.05 
selected as potential risk factors in univariate analysis. Finally, 
a prediction model was developed on the basis of all risk 
factors with p<0.05, the best prediction model was gradually 
selected on the basis of the Akaike information criterion 
results (10), and the model was visualized on a nomogram. 
Concordance index (C-index) and time-dependent receiver 
operating characteristic (ROC) curves were used to valuate 

Figure 1: Flow chart of patient 
selection.
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precision and discrimination (9,38). The comparison among 
the actual probability and predicted outcomes of the model 
can be visualized using calibration curves (4). One hundred 
resampling methods were used to evaluate the calibration 
curves and discrimination, and the most optimal cutoff value 
was obtained using X-tile software.

All statistical analyses were performed on R software version 
4.0.5 (http://www.r-project.org/). 

█   RESULTS
Clinicopathological Characteristics of Patients

Three hundred five patients with anaplastic ependymoma 
were enrolled in the present study. The basic information of the 
patients is presented in Table I. The ratio of females to males 
was 1:1.26. The majority of patients were white (n=232 cases, 
76.1%). The ratio of patients above and below 10 years old 
was 1:4.55. Moreover, the majority of tumors were localized 
(n=261 cases, 85.6%). The ratio of tumors identified before 
and after the year 1992 was 1:3.92. The ratio of brain to spinal 
cord ependymoma was 1:1. All patients were diagnosed using 
positive histology.

Univariate Analysis 

Age, time of diagnosis, location, situation, and treatment 
showed statistical significance on Cox univariate analysis. 
The results of the univariate analysis are presented in Figure 
2. Other factors were excluded from the multivariate analysis 
because of selection bias. 

Independent Prognostic Factors in the Cohort

The results of the multivariate analysis of the cohort are 
presented in Figure 3. Age and treatment were found to be 
statistically significant. The multivariate analysis involved 
treatment [surgery chemotherapy sequence unknown: hazard 
ratio (HR) (95% CI)=0.1575 (0.03207–0.7733), p=0.02281; 
radiation after surgery: HR (95% CI)=0.1405 (0.03691–0.5352), 
p=0.00402; radiation after surgery chemotherapy sequence 
unknown: HR (95% CI)=0.2274 (0.05529–0.9354), p=0.04013; 
surgery: HR (95% CI)=0.1242 (0.02952–0.5228), p=0.00445] 
and age [≥10 years: HR (95% CI)=0.3575 (0.17344–0.7369), 
p=0.00531]. Finally, the effect of all dependent prognostic 
factors on patient survival was represented using a Kaplan–
Meier curve (Figure 4).

Prognostic Nomogram of Overall Survival

The independent prognostic factors of the cohort are shown 
in the nomogram (Figure 5). In the nomogram, each variable 
corresponded to a score on the scale, and scores of the 
individual variables were added to obtain the total score. 
Finally, the survival rate was defined by corresponding the 
total score to the score scale. Treatment and age had the 
highest and lowest percentages, respectively.

Validation of the Nomogram

The C-index for the cohort was defined as 0.777. Furthermore, 
the time-dependent ROC and the area under the curve 
value at 2, 3, and 5 years were 0.758, 0.775, and 0.788, 

respectively, demonstrated a decent discriminatory potential 
(Figure 6). Calibration curves were utilized to demonstrate 
the comparison between the actual probability and predicted 
outcomes (Figure 7). 

█   DISCUSSION
Anaplastic ependymoma is a rare type of cancer, and 
identification of the risk factors affecting disease prognosis is 
essential. For the present study, high-quality clinical data were 

Table I: Baseline Clinicopathological Features and Treatments

Variables Number of 
patients

Age (years) 305

<10 55

>=10 250

Race 305

White 232

Other 73

The time of diagnosis 305

>1992 243

<=1992 62

Location 305

Brain 165

Spinal cord 140

Sex 305

Female 135

Male 170

Situation 305

Posterior fossa 69

Other 236

Extension 305

Further extension 44

Localized 261

Treatment 305

Radiation after surgery 92

Radiation after surgery chemotherapy 
sequence unknown 27

Surgery Chemotherapy sequence 
unknown 17

Surgery 164

Radiation 5
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Figure 2: Clinicopathological 
features of the patients and 
results of the univariate COX 
proportional hazards analysis 
(HR, 95%confidence interval).

Figure 3: Results of the 
multivariate analysis of various 
factors (HR, 95% confidence 
interval).
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Age is thought as a crucial prognostic factor in cancer (29). 
In the present study, age was not a statistically significant 
prognostic factor based on univariate Cox analysis. The HR of 
age ≥10 years was 0.3575 compared with that of age <10 years 
(p=0.00531). Previous studies discovered lower survival rates 
in children (22). Various other studies have reported that 
intracranial ependymoma in children under 3 years of age was 
correlated to more aggressive histology, advanced disease at 
diagnosis, and higher recurrence rates (17,19,33,37). 

Tumor size information was not involved in the statistical 
analysis as it was not available during the study. 

On the basis of previous studies, spinal cord ependymoma 
presents a longer survival time and a low recurrence rate 
(18,28,30,31,37). However, in the present study, patients with 

vital. Nevertheless, examining ependymoma prospectively 
is challenging because of the disease rarity. Data from 305 
cases of anaplastic ependymoma in the brain and spinal cord 
were thus extracted from the SEER database. The results of 
the multivariate analysis revealed that treatment and age were 
statistically significant factors in this study.

Limited data on the clinical features and prognostic models 
in postoperative anaplastic ependymoma are available. The 
nomogram has been previously used to present improved 
predictive value than the traditional model (3,16). A nomogram 
was thus constructed for the purposes of the present study 
using data from 305 patients with anaplastic ependymoma in 
the brain and the spinal cord. Additionally, its differentiating 
ability and accuracy were assessed using AUC, C-index, and 
calibration curves. 

Figure 4: Kaplan-Meier curves for patients 
with anaplastic ependymoma. Age (A), 
Treatment (B). Ras: Radiation after surgery, 
RasC: Radiation after surgery Chemotherapy 
sequence unknown, SC: Surgery 
Chemotherapy sequence unknown. The time 
unit is month.

A

B
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Figure 5: Nomogram predicting cancer-
specific death at 24, 36, 60 months in 
anaplastic ependymoma patients. Prognostic 
factors included Age and Treatment. Each 
variable on the nomogram could match the 
scores on the scale and overall scores could 
be obtained by summing the scores for 
each variable. Ras: Radiation after surgery 
RasC: Radiation after surgery Chemotherapy 
sequence unknown. The time unit is month.

Figure 6: Calibration of nomogram.

A B

C
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theless, various studies did not demonstrate any significant 
survival benefit with radiotherapy in ependymoma (1,14). Che-
motherapy, as an adjuvant therapy, does not appear to offer 
additional benefits, but it could play a new adjuvant role in the 
second resection and recurrence of tumors (5). Survival bene-
fit with radiation after surgery and chemotherapy (of unknown 
sequence) was statistically significant compared with that 
with radiation in the present study. Nevertheless, this discov-
ery may be associated with the limited sample size, selection 
bias, missing data, inaccurate records, and the study pop-
ulation. In the present study, the treatment modalities were 
not personalized to maximize the benefit. Furthermore, the 
WHO classification was not adequate for reliable prediction 
of outcomes in individual patients, and molecular subgroups 
or single molecular markers could offer novel perspectives for 
improving prognostic stratification (8,13,21,35), although ad-
ditional data are required for verification.

The current study is the first study of its kind as it led to the 
construction of a nomogram in anaplastic ependymoma in the 
brain and spinal cord. Most importantly, nomogram assisted 
clinicians in the prediction of patients’ prognosis and provided 
treatment plans. This research thus offers important clinical 
application value.

tumors in the spinal cord were not observed to present a 
higher and statistically significant survival rate compared with 
patients with tumors in the brain (p=0.12376). The latter may 
require additional verification data.

In the present study, the year of diagnosis was a statistically 
significant prognostic factor based on univariate Cox analysis 
(p=0.00172). Nevertheless, in multivariate Cox analysis, it did 
not present any statistical significance, something that could 
be associated with the limited data.

Results of multivariate analysis revealed a statistically sig-
nificant difference for the treatment [surgery chemotherapy 
sequence unknown: HR (95% CI)=0.1575 (0.03207–0.7733), 
p=0.02281; radiation after surgery: HR (95% CI)=0.1405 
(0.03691–0.5352), p=0.00402; radiation after surgery chemo-
therapy sequence unknown: HR (95% CI)=0.2274 (0.05529–
0.9354), p=0.04013; surgery: HR (95% CI)=0.1242 (0.02952–
0.5228), p=0.00445]. In the past, surgery had been considered 
the standard of treatment for ependymoma (27). According to 
relevant available information, various guidelines recommend 
adjuvant radiotherapy for primary intramedullary spinal cord 
ependymoma (grade II) after surgical treatment and adjuvant 
radiotherapy for all grade III ependymoma (2,15,25). Never-

Figure 7: ROC at 2-Year, 3-Year 
and 5-Year.

A B
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Undoubtedly, this study had specific limitations. Initially, 
due to the large time span, there are variations in disease 
examination, diagnosis, and treatment. Additionally, valid data 
did not include genotype, and selection bias could not be 
avoided in a retrospective study. However, it is clear that this 
research offered important benefits. 

█   CONCLUSION
This study revealed that treatment and age were independent 
prognostic factors in anaplastic ependymoma of the brain and 
spinal cord. The nomogram prepared for the purposes of this 
study could visualize these prognostic factors and predict 
patient’s prognosis while offering clinicians with patient 
prognostic information and treatment measures. 
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