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H I G H L I G H T S

• Prognostic evaluation in patients with intracranial extraventricular ependymoma (IEE) could aid disease management.
• MR imaging features such as tumor location (F1), eloquent brain (F3), T1/FLAIR ratio (F10), and definition of the non-enhancing margin(F13) were associated with 

prognosis in patients with IEE.
• A nomogram based on clinical data and MRI-VASARI features could potentially be used for survival analysis in patients with IEE.
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A B S T R A C T

Objectives: To develop and validate a prediction model based on brain MRI features to predict disease-free sur
vival (DFS) and overall survival (OS) for patients with intracranial extraventricular ependymoma (IEE).
Methods: The study included 114 patients with pathology-proven IEE, of whom 80 were randomly assigned to a 
training group and 34 to a validation group. Preoperative brain MRI images were assessed with the Visually 
AcceSAble Rembrandt Images (VASARI) feature set. Clinical variables were assessed including age, gender, KPS, 
pathological grade of the tumor and blood test data such as eosinophil, blood urea nitrogen and serum creatinine. 
Multivariate Cox proportional hazards regression analysis was performed to select the independent prognostic 
factors for DFS and OS. Three prediction models were built with clinical variables, MRI-VASARI features, and 
combined clinical and MRI-VASARI data, respectively. The predictive power of survival models was assessed 
using c-index and calibration curve.
Results: Clinical variables such as eosinophil, blood urea nitrogen and serum creatinine, and MRI-VASARI feature 
for definition of the non-enhancing margin (F13) were significantly correlated with the prognosis of DFS. Blood 
urea nitrogen, D-dimer, tumor location (F1), eloquent brain (F3), and T1/FLAIR ratio (F10) were independent 

Abbreviations: BUN, Blood urea nitrogen; C-index,, Concordance index; CI,, Confidence interval; DFS,, Disease-free survival; Eos,, Eosinophil; GBM,, Glio
blastoma multiforme; HR,, Hazard ratio; IEE,, Intracranial extraventricular ependymoma; KM,, Kaplan-Meier survival curve; KPS,, Karnofsky performance status; 
MRI,, Magnetic resonance imaging; OS,, Overall survival; Scr,, Serum creatinine; TCGA,, The cancer genome atlas; TCIA,, The cancer imaging archive; VASARI,, 
Visually AcceSAble Rembrandt Images.
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predictors of OS. Based on these factors, prediction models were constructed. The concordance indices of the 
three survival models for OS were 0.732, 0.729, and 0.768, respectively. For DFS, the concordance indices were 
respectively 0.694, 0.576, and 0.714.
Conclusion: Predictive modelling combining both clinical and MRI-VASARI features is robust and may assist in 
the assessment of prognosis in patients with IEE.

1. Introduction

Ependymomas are rare neuroepithelial tumors, accounting for only 
6.9 % of primary central nervous system tumors diagnosed annually [1]. 
Although the majority of ependymomas originate as a neoplastic 
transformation of cells in the ventricular system, it could occur any
where and could be located outside the ventricles as the intracranial 
extraventricular ependymoma (IEE)[2,3]. Ependymomas have been 
categorized into supratentorial, posterior cranial fossa, spinal cord, 
mucinous papillary ependymomas, and subependymomas based on a 
combination of histological and molecular characteristics, according to 
the World Health Organization’s classification of central nervous system 
tumors in 2021[4,5]. However, the histological classification of epen
dymomas is not applicable to the 2021 update of the WHO Central 
Nervous System Tumor Classification, which also introduces genotyping 
[3]. For example, supratentorial ependymoma with ZFTA fusion 
(ST-ZFTA) mainly occurs near the ventricular system, but may also 
occur outside the ventricle and in the cortex[3]. About 50 % of patients 
with ependymomas will recur, with a median time to recurrence of 
13–25 months[6–8]. In pediatric patients, the 10-year overall survival 
(OS) at 50–73 % [9] and disease-free survival (DFS) at 3–7 years being 
30–61 % have been reported[8,10,11]. In adults with ependymoma, 
5-year DFS and OS have been reported to be around 40 %–50 % and 
60 %–70 %, respectively[8,12]. Prognostic assessment for patients with 
IEE may assist in treatment planning.

Prognostic factors for ependymoma such as the age, tumor location, 
high Karnofsky performance status (KPS), and extent of surgical resec
tion have been reported [10,13–15]. However, literature is inconclusive. 
For instance, a prior study showed factors such as age, patient sex and 
postoperative radiation not being prognostic for survival [16]. More 
studies are needed to assess the predictors for survival. Nomogram has 
been used to predict tumor prognosis by scoring risk factors [17] and to 
predict survival in various cancer such as hepatocellular, laryngeal, 
pancreatic, and esophageal cancers [18–21]. It is prudent to develop 
non-invasive models and nomograms for prognostic assessment.

Magnetic resonance imaging (MRI) has been routinely acquired for 
patients with IEE. The Visually AcceSAble Rembrandt Image (VASARI) 
MRI-based feature has been developed for the standardized analysis of 
MRI features of brain tumors. The VASARI feature set has been used for 
prediction of survival [22–24] and tumor progression [25]. Rao et al. 
analyzed the TCGA (The Cancer Genome Atlas) glioblastoma multiforme 
dataset, and identified relevant VASARI features such as tumor volume, 
T1/FLAIR ratio, and tumor hemorrhage as prognostic predictors for 
survival [26]. However, literature is limited on the VASARI features and 
imaging predictors for prognosis of IEE. Prediction models are devel
oped and validated by combining the predictors statistically into a 
multivariable model. The Cox regression model is one of the prediction 
models that has been commonly used in clinical research by assuming 
some linear relationship between a given covariate (such as age) and the 
research results [27]. A prior study by Sun et al. combined 14 prognostic 
and clinical factors and constructed a Cox regression model for lung 
adenocarcinoma, which showed good predictive performance [28]. 
Developing prediction models with Cox regression, machine learning 
and or artificial intelligence approach should aid in clinical decision 
making such as risk-stratification for treatment selection and clinical 
trial participation for patients with brain tumors [29]. However, liter
ature is limited in predictive modeling with clinical variables and 
MRI-VSARI for survival prediction in patients with IEE.

In this retrospective multi-center study, we identified a cohort of 
patients with pathologically confirmed IEE. The predictive power of the 
clinical variables and the MRI-VASARI features for DFS and OS in pa
tients with IEE was assessed and a Cox proportional hazards regression 
model incorporating MRI-VASARI features and clinical variables were 
built for predicting survival for patients with IEE. The results of this 
study should help to advance our knowledge about this rare brain tumor 
and assist in its clinical management.

2. Materials and methods

2.1. Patients

This study was approved by the ethics committees of all participating 
hospitals and the informed consent was not required because of the 
retrospective nature of this study.

A total of 114 patients with IEE confirmed by surgical pathology 
between June 2016 and June 2021 were included from the participating 
hospitals. These patients were divided into training (80 patients) and 
validation (34 patients) groups at random in a 7:3 ratio. Details of the 
exclusion criteria and the reasons for exclusion are presented in Fig. 1. 
There was partial cohort sharing with our own previous publication[30]
but for a different purpose. The previous study was focused on dis
tinguishing IEE from glioblastoma multiforme using neuroimaging fea
tures, while the present study was focused on predicting survival in 
patients with IEE using MRI-based prediction models. Besides, the pre
sent study only assessed IEE features, without involving any compara
tive analysis with GBM as the previous study. The present study should 
be considered as a continuation and extension of the previous study 
because it contributed new information on survival prediction and was 
complimentary to the study results from the previous study about brain 
tumors.

The clinical variables and brain MRI-VASARI features of the patients 
were recorded. The assessed clinical variables included age, gender, 
KPS, and pathological grade of the tumor and laboratory blood test data 
such as eosinophil, blood urea nitrogen and serum creatinine values. The 
OS was defined from the end of surgical resection to the time of death 
(death was reported in 23 patients). DFS was calculated as the time from 
the end of surgical resection to disease recurrence or death due to dis
ease progression (52 patients reported recurrence or death). This study 
was performed in accordance with the Transparent Reporting of a 
multivariable prediction model for Individual Prognosis or Diagnosis 
(TRIPOD) reporting checklist[29], which was included in our previous 
study of IEE for a different purpose[30].

2.2. Preoperative MRI image acquisition

Brain MRI images were obtained in a 3 Telsa GE scanner (GE Medical 
Systems Discovery MR750w), a 1.5 Telsa Siemens scanner (Siemens 
Medical Systems MAGNETOM Avanto or Sempra), or a 3 Telsa Siemens 
scanner (Siemens Medical Systems Magnetom Verio). Routine stan
dardized brain MRI scanning was performed, including T1-weighted 
images (T1WI), T1-weighted with gadolinium contrast-agent 
(T1WI+C), T2-weighted (T2WI), and T2-weighted with fluid- 
attenuated inversion recovery (T2-FLAIR). All sequences were ac
quired at the FOV of 220 × 220 mm, slice thickness of 5 mm, matrix of 
256 × 256, and slice spacing (1 mm), as indicated in previous studies 
[31–33].
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The MRI images were independently reviewed by 2 neuroradiolo
gists (X.L and Y.Q, with 15 and 20 years of experience, respectively) who 
were not aware of the clinicopathological data. Imaging results were 
recorded by consensus. For the cases that did not reach consensus, a 
third experienced neuroradiologist (L.L, with more than 30 years of 
experience) would make the final decision.

2.3. MRI-VASARI imaging features

All brain MRI images for the cohort were assessed using the VASARI 
feature set. Each lesion was scored as previously described, with 30 
imaging features being evaluated (F1-F30) [33,34]. Among these 30 
features, 27 were ultimately used, while three features such as F26, F27, 
and F28 were excluded due to lack of post-surgical MRI images in some 
patients.

2.4. Statistical analysis and model construction

This cohort was randomly divided into a training group and a vali
dation group. A univariate Cox proportional hazards regression analysis 
was used for selecting the most robust survival-related features. Subse
quently, a multivariate Cox proportional hazards regression analysis was 
performed to determine the independent prognostic factors for survival 
with features obtained from univariate analysis with a p-value < 0.05. A 
survival prediction model was constructed based on the independent 
prognostic factors for the training group and was visualized on a 
nomogram plot. Three prediction models were built with clinical vari
ables, MRI-VASARI features, and combined clinical and MRI-VASARI 
data, respectively. The predictive power of survival models was 
assessed using concordance index (c-index) and calibration curve.

Cox proportional hazards regression models estimated a hazard ratio 
(HR) and corresponding 95 % confidence interval (CI) for each potential 
risk factor. The 3-year, 5- year, and 7-year survival rates were the 
endpoints of the nomogram. The nomogram-predicted survival proba
bility was compared with the observed survival probability, calculated 
with the Kaplan–Meier method in the training group and the validation 
group. The validation of the nomogram was performed using the c-index 
and the calibration curve. The c-index was used to estimate the pre
dictive accuracy and discriminating ability of each model and the 
overall nomogram: the higher the c-index, the better its prognostic ac
curacy. The “survival” R package was used to evaluate the consistency of 
the nomogram and to make the calibration curves. The agreement be
tween the observed 3-, 5-, and 7-year survival rates and the nomogram- 
predicted survival rates was evaluated using the calibration curves. The 
“survdiff” package from R was used for the log-rank test and p < 0.05 
was considered to be statistically significant. Log-rank tests with the 
linear trend for factor levels were performed to test for significant 

associations between those features and DFS or OS.

3. Results

A total of 114 patients (78 male and 36 female patients) with IEE 
were included in this study (median age:22.0 years, IQR: 10–44 years). 
There were 80 and 34 patients, respectively, drawn at random for the 
training and validation groups. There were no significant differences in 
the clinicopathologic characteristics between the training and the vali
dation groups (all p values >0.05) (Table 1). The range for DFS was 
1.00–178.70 months and the median time was 30.10 months. The range 
for OS was 3.40–183.20 months and the median time was 35.65 months. 
Fig. 1 presents the diagram for study flow.

Fig. 1. Flowchart for enrolling the study cohort of patients with intracranial extraventricular ependymoma (IEE).

Table 1 
Demographic, clinical and MRI-VASARI (Visually Accessible Rembrandt Images) 
features of patients with intracranial extraventricular ependymoma (IEE).

Characteristic Training group 
(n = 80)

Validation group 
(n = 34)

P- 
value

Demographics 
characteristics

​ ​

Gender, n (%) ​ ​ 0.38
Male 57(71.25 %) 21(61.76 %)
Female 23(28.75 %) 13(38.24 %)
Age [median (IQR), years] 23.50 

(12.00–47.75)
13.00 (5.00–37.75) 0.06

Clinical characteristics 
[mean，，(SD)]

​ ​

Eos 0.16 (0.19) 0.23 (0.36) 0.25
BUN 3.68 (1.87) 3.63 (1.58) 0.93
Scr 65.00 (23.12) 60.81 (35.65) 0.07
D-dimer 0.31(0.65) 0.34(0.55) 0.83
DFS, n (%) ​ ​ 0.55
0 42 (52.50 %) 20 (58.82 %)
1 38 (47.50 %) 14 (41.18 %)
OS, n (%) ​ ​ 0.13
0 67 (83.75 %) 24 (70.59 %)
1 13 (16.25 %) 10 (29.41 %)
VASARI features [mean, 

(SD)]
​ ​

F1 3.05 (2.52) 3.00 (2.46) 0.63
F3 1.61 (1.14) 1.79 (1.27) 0.98
F10 1.58 (0.55) 1.68 (0.59) 0.62
F13 2.71 (0.48) 2.65 (0.65) 0.10

Significant at P < 0.05.
Note: F1, tumor locations; F3, eloquent brain; F10, T1/FLAIR ratio; F13, defi
nition of the non-enhancing margin. For disease-free survival (DFS) and overall 
survival (OS), 0 represents that no endpoint event has occurred, while 1 rep
resents that an endpoint event has occurred.
Abbreviations: Eos, Eosinophil; BUN, blood urea nitrogen; Scr, Serum creatinine.
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In the training group, multivariate Cox proportional hazards 
regression analysis identified the clinical variables such as eosinophil, 
blood urea nitrogen, serum creatine, and MRI-VASARI feature such as 
F13 as significant prognostic factors for DFS (Table 2). The factors 
including blood urea nitrogen, D-dimer, F1, F3, and F10 were significant 
predictors for OS (p < 0.05) (Table 3).

We constructed three prediction models based on clinical data, MRI- 
VASARI feature, and the clinical and imaging feature combined, 
respectively (Table 4). For OS, the clinical prediction model had a c- 
index of 0.732, the MRI-VASARI feature-based model had a c-index of 
0.729, and model combining both clinical and MRI-VASARI features had 
a c-index test of 0.768. For DFS, the c-indices for clinical, MRI-VASARI 
and combined models were 0.694, 0.576, and 0.714, respectively. The 
results showed that the c-index of the combined model incorporating 
both clinical and MRI-VASARI features was the highest among the three 
models.

Fig. 2 presents the predicted probabilities and visualized nomograms 
for 3-, 5-, and 7-year survival in patients with IEE. The model incorpo
rated all factors related to survival. The nomogram plot revealed that 
blood urea nitrogen and eosinophil had the strongest correlations with 
OS and DFS, respectively. D-dimer, serum creatinine, F1, F3, F10, and 
F13 were the next most significant predictors of survival. Each variable 
was assigned a score according to its prognostic value. The total score for 
all variables was converted into predictions of 3-, 5-, and 7-year survival 
probabilities for OS and DFS. The scores for each chosen variable could 
be used to calculate the likelihood that the patient would survive. 
Calibration curves were used to graphically evaluate the nomograms 
and found good agreement in predicting 3-, 5-, and 7-year survival in the 
training and validation groups (Fig. 3).

Kaplan-Meier survival curves calculated the endpoints of each event 
on different models separately and produced a relevant separation of OS 
and DFS survival curves (Fig. 4). Log-rank tests were performed for DFS 
and OS. Only the combined model had a p-value closest to 0.05 for DFS. 
For OS, both the MRI-VASARI features model and the combined model 
had a p-value < 0.05. The smaller the p-value of the log-rank test showed 
the more significant difference existed in the survival distribution of the 
model.

4. Discussion

In this study, we found preoperative MRI-VASARI features including 
F1 (brain tumor location), F3 (eloquent brain), F10 (T1/ FLAIR ratio), 
and F13 (definition of the non-enhancing margin) being significant 
prognostic factors for survival. The combined model incorporating 
clinical variables such as blood test values and MRI-VASARI features 
yielded a reasonable performance for prediction of DFS and OS in pa
tients with IEE. Our study presented the potential imaging-focused 
approach for predicting prognosis in patients with IEE.

Our finding regarding the robust performance of the combined 
model in predicting survival was consistent with the prior reports [22, 
35,36]. Prior studies found that a combined model with both clinical and 
imaging features had higher predictive power than the model using only 
preoperative clinical predictors in a study of older patients with glio
blastoma [22,35]. Similar research findings were also noted in a study of 
patients with glioblastoma by Mazurski et al., who constructed a com
bined multivariate model based on MRI-VASARI imaging and clinical 
features [36]. A controlled lexicon in the MRI-VASARI feature set could 
improve inter-reader agreement and clinical management [36]. In 
addition, the MRI-VASARI features could be used as biomarkers to 
predict overall survival and improve model predictive ability in older 
patients with glioblastoma [35]. Our study contributed new information 
on the performance of the combined model in brain tumors other than 
glioblastoma.

We found MRI-VASARI features such as F1 (brain tumor location), F3 
(eloquent brain), and F10 (T1/ FLAIR ratio) were associated with poor 
OS in patients with. The higher the F1 value indicated it being the more 
likely it was to involve infratentorial areas, such as the cerebellar 
hemisphere and the fourth ventricle. This was because tumor encase
ment of the cranial nerves and brainstem vasculature in posterior fossa 
might limit extent of tumor resection [4,37]. Safe maximal surgical 
resection has long been considered the best treatment for ependymoma. 
Gross total resection and tumor location were independent predictors of 
survival in patients with ependymoma [4]. Therefore, incomplete 
resection has an increased risk of tumor recurrence and cerebrospinal 
fluid (CSF) dissemination [4]. Our study found that eloquent brain (F3) 
invasion was a risk factor, which should not be surprising. Tumor in the 
visual cortex may have poor prognosis because complete surgical 
resection would not be possible [23]. We also found a high value of the 
T1/FLAIR ratio predicting a worse prognosis, which is consistent with 
the findings of NicolasJilwan et al., who found that a higher T1/FLAIR 
ratio implicated a more infiltrative tumor with aggressive tumor 

Table 2 
Multivariate Cox proportional hazards regression analysis of clinical and MRI- 
VASARI features for disease-free survival in patients with intracranial extra
ventricular ependymoma.

Variable Hazard Ratio [95 % CI] P-value

Clinic ​
Eos 11.62 [1.94,69.66] 0.007
BUN 0.76 [0.57,1.02] 0.068
Scr 0.99 [0.97,1.01] 0.182
VASARI ​
F13 0.56 [0.33,0.95] 0.030

Significant at P < 0.05.
Note: Data are hazard ratio estimates; 95 % confidence interval (CI) in paren
theses for variables included in Cox regression models.
Abbreviations: Eos, Eosinophil; BUN, blood urea nitrogen; Scr, Serum creatinine; 
VASARI, Visually Accessible Rembrandt Images; F13，definition of the non- 
enhancing margin.

Table 3 
Multivariate Cox proportional hazards regression analysis of clinical and MRI- 
VASARI features for overall survival in patients with intracranial extra
ventricular ependymoma.

Clinic Hazard Ratio [95 % CI] P-value

BUN 0.60 [0.36,0.99] 0.046
D-dimer 1.60 [1.12,2.30] 0.010
VASARI ​
F1 1.45 [1.13,1.86] 0.004
F3 1.41 [1.00,1.99] 0.049
F10 5.61 [1.79,17.61] 0.003

Significant at P < 0.05.
Note: Data are hazard ratio estimates; 95 % confidence interval (CI) in paren
theses for variables included in Cox regression models.
Abbreviations: BUN, blood urea nitrogen; VASARI, Visually Accessible Rem
brandt Images; F1, tumor locations; F3, eloquent brain; F10, T1/FLAIR ratio.

Table 4 
Concordance index (C-index) for clinical, MRI-VASARI, and combined prog
nostic models.

DFS OS

Training 
(95 %CI)

Validation 
(95 %CI)

Training 
(95 %CI)

Validation 
(95 %CI)

Clinic 0.694 
[0.596,0.791]

0.679 
[0.548,0.810]

0.734 
[0.559,0.908]

0.732 
[0.592,0.872]

MRI- 
VASARI

0.576 
[0.494,0.658]

0.596 
[0.452,0.740]

0.821 
[0.719,0.924]

0.729 
[0.602,0.857]

Combined 0.714 
[0.621,0.806]

0.683 
[0.546,0.819]

0.848 
[0.770,0.926]

0.768 
[0.663,0.873]

Note: The 95 % confidence interval is indicated in parentheses. OS, overall 
survival, DFS, disease-free survival; VASARI, Visually Accessible Rembrandt 
Images.
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behavior[23].
We observed the MRI-VASARI feature such as the definition of the 

non-enhancing margin (F13) being a protective factor in patients with 
IEE. In other words, patients with irregular, and non-enhancing tumor 
margins had a longer DFS than the patients with smooth non-enhancing 
margins in our study. This was inconsistent with a study by Zhou et al., 
which found smooth non-enhancing margins being associated with a 
longer survival compared with irregular non-enhancing margins in 
glioblastoma survival prediction [38]. We speculate that more extensive 
surgical resection may have been performed on the IEE with irregular 
tumor margins, thus reducing the probability of tumor recurrence and 
CSF dissemination and having better prognosis.

There were several limitations in this study. First, it was a retro
spective study with small sample size covering a long-time span. Path
ological specimen for some cases were no longer available and we could 
not perform additional molecular testing. Second, only internal 

validation was performed. We could not perform an independent 
external validation due to lack of an additional dataset, which may limit 
the generalizability of the prediction models. Third, there might be se
lection bias given its retrospective nature and patients with incomplete 
data excluded during data screening. In addition, there was a partial 
cohort sharing with our own previous publication [30], which may have 
introduced selection bias as study assessment was performed on the 
same IEE cohort that was already selected for the previous study. We 
believe the impact of the overlapping cohort to the present study results 
was minimal since the present study was carried out for survival pre
diction with no involvement of the other cohort, i.e., the glioblastoma 
multiforme group in the previous study. Lastly, because postoperative 
MR images and treatment data were not collected as part of the study, 
we did not have the follow-up data to test the model performance in 
patients after surgery. Therefore, further research including both pre
treatment and postsurgical assessment is needed to verify the accuracy 

Fig. 2. Nomogram predicting 3-, 5- and 7- year disease-free survival (DFS) and overall survival (OS) of patients with intracranial extraventricular ependymoma 
(IEE). Note: The nomogram summed the points identified on the scale for each variable. The total points projected on the bottom scales indicate the probabilities of 
DFS and OS at 3-, 5-, and 7 years. A: nomogram for DFS; B: nomogram for OS. Abbreviations: Eos, Eosinophil; BUN, blood urea nitrogen; Scr, Serum creatinine; F1, 
tumor locations; F3, eloquent brain; F10, T1/FLAIR ratio; F13, definition of the non-enhancing margin.
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of our prognostic model.

5. Conclusion

In summary, we developed a model for predicting prognosis of pa
tients with IEE based on preoperative brain MR features and clinical 
variables. Future, prospective multicenter study with a larger sample 

size should be performed to validate our study result and to optimize the 
clinical application of the prediction model.

Ethics approval and consent to participate

The present study was approved by the Ethics Committee of all 
participating hospital including the First Affiliated Hospital of Guangxi 

Fig. 3. Calibration curves for disease-free survival (DFS) and overall survival (OS) based on predictions of the nomogram. Note: Calibration curves for predicting (A) 
DFS and (B) OS in the training and validation cohorts. Nomogram predicted survival is plotted on the x-axis and actual survival is plotted on the y-axis.
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