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Abstract

Purpose: Meningiomas are the most common primary brain tumors in adults with management 

varying widely based on World Health Organization (WHO) grade. However, there are limited 

datasets available for researchers to develop and validate radiomic models.The purpose of our 

manuscript is to report on the first dataset of meningiomas in The Cancer Imaging Archive 

(TCIA).

Acquisition and validation methods: The dataset consists of pre-operative MRIs from 96 

patients with meningiomas who underwent resection from 2010–2019 and include axial T1post 

and T2-FLAIR sequences—55 grade 1 and 41 grade 2. Meningioma grade was confirmed 

based on the 2016 WHO Bluebook classification guideline by two neuropathologists and one 

neuropathology fellow. The hyperintense T1post tumor and hyperintense T2-FLAIR regions were 

manually contoured on both sequences and resampled to an isotropic resolution of 1 × 1 × 1 mm3. 

The entire dataset was reviewed by a certified medical physicist.

Data format and usage notes: The data was imported into TCIA for storage and can be 

accessed at https://doi.org/10.7937/0TKV-1A36.The total size of the dataset is 8.8GB, with 47 519 

individual Digital Imaging and Communications in Medicine (DICOM) files consisting of 384 

image series, and 192 structures.

Potential applications: Grade 1 and 2 meningiomas have different treatment paradigms and 

are often treated based on radiologic diagnosis alone.Therefore, predicting grade prior to treatment 
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is essential in clinical decision-making. This dataset will allow researchers to create models to 

auto-differentiate grade 1 and 2 meningiomas as well as evaluate for other pathologic features 

including mitotic index, brain invasion, and atypical features. Limitations of this study are the 

small sample size and inclusion of only two MRI sequences. However, there are no meningioma 

datasets on TCIA and limited datasets elsewhere although meningiomas are the most common 

intracranial tumor in adults.

Keywords

atypical; dataset; meningioma; radiomics; TCIA

1 | INTRODUCTION

Meningiomas are the most common primary brain tumors in adults, representing 40% of all 

primary brain tumors, with approximately 41 000 new cases per year in the United States.1 

Meningiomas are further classified into World Health Organization (WHO) grade 1, 2, and 

3 according to the 2021 WHO classification system.2 The majority of meningiomas are 

diagnosed radiologically with no pathologic confirmation or knowledge of the pathologic 

grade.3 However, the recommended course of treatment for meningiomas can range from 

observation to surgical resection with adjuvant radiation based on grade.4,5 Therefore, 

accurate grading of meningiomas is critical for predicting disease courses and facilitating 

clinical decision-making.

Radiomics is a quantitative approach to medical imaging in which large amounts of 

image features are extracted from regions of interest in medical images. Recent studies 

in oncological imaging have highlighted the potential of radiomics to predict tumor grading 

in multiple cancers, including central nervous system tumors such as gliomas.6 Likewise, 

radiomic features have the potential to predict meningioma grade. Magnetic Resonance 

Imaging (MRI) is the modality of choice in assessing meningiomas, and deep learning 

models have been developed for auto-differentiation of grade.7–10 However, there are limited 

datasets available for researchers to develop and validate radiomic models. Furthermore, in 

the limited and small datasets available, thorough pathologic evaluation is unclear and there 

is a low representation of grade 2 meningiomas. Our group has previously published on 

auto-differentiation of grade 1 and 2 meningiomas utilizing an asymmetric 3D convolutional 

neural network (CNN) architecture using two encoding paths based on the T1post and T2-

FLAIR MRIs. The model was trained and tested on 96 patients (random rotation was used 

for data augmentation and assessed by tenfold cross-validation, with each fold consisting of 

randomly selected 10 testing, 76 training, and 10 validation subjects) and showed improved 

grading accuracy using both T1post and T2-FLAIR MRIs with accuracy rates of 90%.10 

Previous studies using a single sequence MRI showed reduced accuracy,7–9 highlighting the 

importance of sharing datasets with the community to allow researchers to train models with 

new datasets and multiple MRI sequences.

The purpose of this publication is to report on the first dataset of meningiomas in The 

Cancer Imaging Archive (TCIA). The importance of reproducibility and validation studies 

utilizing radiomic models continues to grow and the addition of our public dataset will 
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allow for training new models, validating prior models, and collaborative efforts among 

institutions.

2 | ACQUISITION AND VALIDATION METHODS

2.1 | Overview of the dataset

The dataset consists of pre-operative MRIs for 96 patients with meningiomas who 

underwent resection (subtotal or gross total) from 2010 to 2019. The MRIs include 

axial T1post and T2-FLAIR sequences of 55 grade 1 and 41 grade 2 meningiomas. 

Pathology was confirmed based on the 2016 WHO Bluebook classification guidelines11 

by a neuropathology team that included two subspecialty trained neuropathologists and one 

neuropathology fellow. The images were collected for a previously published study on auto-

differentiation of grade 1 and 2 meningiomas using an asymmetric CNN10 and the study 

was approved by the institutional review board (IRB) to review human subjects research 

(protocol ID HS-18-00261) at the University of Southern California. The auto-differentiation 

code can be reviewed and accessed on https://github.com/usc2021/YCWYAV. TABLE 1 

includes the age, sex, type of resection, and pathologic characteristics of the 96 included 

patients.

2.2 | Acquisition

MRI scanners from different vendors were used and included 1.5 or 3T GE (OptimaTM, 

DiscoveryTM, SignaTM), Philips (AchievaTM, InteraTM), Siemens (SymphonyTM, 

SkyraTM), Toshiba (TitanTM, MRT 200TM, GalanTM), and Hitachi (OasisTM, 

EchelonTM). The scanning parameters for the T1post sequence included a TR of 7−8 ms, a 

TE of 2−3 ms, an isotropic in-plane spatial resolution of 1.016 mm, an in-plane volumetric 

dimension of 256 × 256, a slice thickness of 1−2 mm, a FOV of 100 mm2, and a flip angle 

of 15°. The scanning parameters for the T2-FLAIR include a TR of 8000−11000 ms, a 

TE of 120−159 ms, an isotropic in-plane resolution of 0.4–0.9 mm, an in-plane volumetric 

dimension of 256−512 × 256−512, a slice thickness of 2−7 mm, a FOV of 80−100 mm2, and 

a flip angle of 90−180°.

The T1post and T2-FLAIR MRIs for each patient were acquired in the same study. The 

DICOM files containing the T1post and T2-FLAIR MRIs were exported to VelocityAI™ 

(Varian, Palo Alto, CA). The original DICOM registration was reviewed by overlaying the 

two images and inspecting the alignment of the skull and ventricles. If the alignment was 

off, we performed an automatic rigid registration using the mutual information algorithm 

installed on VelocityAI™.

2.3 | Segmentation

The hyperintense T1post tumor and hyperintense T2-FLAIR region were manually 

contoured on each image by a medical student and radiation oncology resident, and 

reviewed by a radiation oncologist with over 5 years of experience as shown in Figure 

1. The organized dataset, including original MRIs, was resampled to an isotropic resolution 

of 1 × 1 × 1 mm3.
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2.4 | Data format and usage notes

The MRIs were exported from Synapse and the contours were exported from VelocityAI™. 

The data was then imported into TCIA at the National Institutes of Health12 for storage 

where post-processing was completed to ensure all potentially confidential data was 

removed. The images, registration, and contours were stored under an anonymized patient 

identifier with clinical data as seen in TABLE 1. The dataset can be found on http://

www.cancerimagingarchive.net/ under the title “Segmentation and Classification of Grade I 

and II Meningiomas from MRI: an Open Annotated Dataset (Meningioma-SEG-CLASS)”.13 

Alternatively,the dataset can also be accessed by digital object identifier (DOI) https://

doi.org/10.7937/0TKV-1A36.The total size of the dataset is 8.8GB, with 47 519 individual 

DICOM files consisting of 384 image series, and 192 structures. DICOM compatibility 

has been tested with Eclipse and Machine Identity Management (MIM) (MIM Software, 

Cleveland, OH, USA).

2.5 | Data validation

The entire dataset (96 patients) including the MRIs, registrations, and contours, has been 

reviewed by a certified medical physicist. The compatibility of the dataset has been tested 

with Eclipse and MIM (MIM Software, Cleveland, OH, USA).

3 | DISCUSSION

This dataset includes a repository of grade 1 and 2 meningioma with contours on both 

T1post and T2-FLAIR MRIs. There are no meningioma datasets within TCIA and limited 

public datasets available, particularly for grade 2 meningiomas that have been pathologically 

graded based on the WHO 2016 criteria. This dataset will allow researchers to create models 

to auto-differentiate grade 1 and 2 meningiomas as well as evaluate for other pathologic 

features including mitotic index, brain invasion, and atypical features. Additionally, this 

dataset could be used to validate other models published previously on auto-differentiation 

of grade 1 and 2 meningiomas and potentiate multi-institutional validation studies for the 

use of radiomics to pre-operatively determine pathologic features of meningiomas.

As grade 1 and 2 meningiomas have different treatment paradigms and are often treated 

based on radiologic diagnosis alone,predicting grade prior to treatment is essential in 

clinical decision-making. Earlier stratification of meningioma grade has the potential to 

effect surveillance patterns for patients on observation with low grade disease and instigate 

trials assessing for escalation of treatment for those predicted to have high grade disease. 

Limitations of this study are the small sample size and inclusion of only two MRI 

sequences. However, there are no meningioma datasets on TCIA and limited datasets 

elsewhere although meningiomas are the most common intracranial tumor in adults. Our 

pathologic evaluation did not include molecular analyses and although grade 3 meningiomas 

are rare, TERT promoter and CDKN2A/B would upgrade meningiomas to grade 3 based on 

the 2021 WHO classification system.2

Prediction of meningioma grade is important in the management of meningiomas and has 

the potential to affect a wide population due to the high incidence of meningiomas. Giving 
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researchers access to datasets will allow for improved radiomic studies of this common but 

understudied tumor.

4 | CONCLUSION

This manuscript describes a repository of grade 1 and 2 meningiomas with pre-operative 

T1post and T2-FLAIR MRIs and is the first cohort of meningioma patients in the TCIA.
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FIGURE 1. 
Examples of grade 1 and 2 meningioma contours on T1-CE and T2-FLAIR.
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