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Intracranial germ cell tumors (GCTs) are rare neoplasms with a peak incidence in adolescents.
Germinoma is the most common histological subtype of intracranial GCTs. Its symptoms include
intracranial hypertension, visual field defects, and hormonal disorders, affecting the physical health
of adolescents. Germinoma is sensitive to chemo-radiotherapy, and most patients do not require
neurosurgical resection. Therefore, improving the accuracy of germinoma diagnosis helps to avoid
unnecessary surgery. At present, the application of artificial intelligence (Al) in medical imaging has
improved the accuracy of disease diagnosis. However, few studies focused on the Al model to diagnosis
germinoma and there are no publicly available imaging datasets for germinoma. This study aimed

to create a comprehensive dataset for germinoma using magnetic resonance imaging/computed
tomography findings with clinical and radiomic data to train and validate Al models. Featuring 65
pathologically confirmed germinomas, the dataset included axial T2-weighted imaging, T2-weighted
fluid-attenuated inversion recovery, T1-weighted imaging, T1-weighted imaging with contrast
enhancement, diffusion-weighted MR imaging, CT images, clinical data, and morphological and
radiomic-based features obtained by segmentation.

Background & Summary

Intracranial germ cell tumors (GCTs) are rare and heterogeneous primary brain tumors that account for
2%-10% of pediatric brain tumors'—. Additionally, the incidence of intracranial GCTs peaks in adolescence
(10-19 years old)*, and their symptoms include intracranial hypertension®®, visual field defects, and hormonal
disorders’~°, which seriously affect the physical health and development of adolescents.

WHO classifies GCTs as germinoma and non-germinoma. Germinomas account for 60%-70% of all intrac-
ranial GCTs'. Although germinoma is a malignant tumor, it is extremely sensitive to chemo-radiotherapy
(CRT), and a clinical cure can be achieved with a 5-year survival rate exceeding 90% with radiotherapy alone!''~*.
Therefore, accurate diagnosis is closely related to the treatment and prognosis of patients with germinoma.
Clinically, guidelines indicate that neurosurgical resection is necessary for most central nervous system tum-
ors to relieve intracranial hypertension and identify the pathology'>. However, as CRT is effective against ger-
minoma, patients with germinoma rarely undergo neurosurgical resection unless a residual tumor is present
after CRT'®!7. Moreover, guidelines strongly recommend against aggressive resection of germinoma'®. To avoid
unnecessary neurosurgical resection or biopsy, it is extremely important to improve the accuracy of germinoma
diagnosis.

The diagnosis of germinoma depends on imaging, serum/cerebrospinal fluid biomarkers (human chorionic
gonadotropin [HCG], HCG (-subunit [3-HCG], a-fetoprotein [AFP]), and pathology using surgical biopsy or
resection specimens!'®. Although the combination of routine medical imaging features and biomarkers facilitates
the diagnosis of most germinomas, the differential diagnosis of germinoma is limited, and some misdiagnoses
occur’.
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At present, artificial intelligence (AI), including machine learning (ML) and deep learning algorithms, is
increasingly used in disease diagnosis. The application of AI in medical imaging has improved the accuracy
of disease diagnosis, reducing laboratory examinations and traumatic pathology®**!. Previous studies applied
ML algorithms to magnetic resonance imaging (MRI) or texture analysis data to distinguish germinoma from
other malignancies?*-°, and the role of Al approaches was affirmed. However, these models were trained and
developed using small single-institution hospital datasets that lack diversity regarding patient populations and
imaging protocols, which can vary in clinical settings. In fact, Al approaches require large datasets for training
and validation, and to date, there are no publicly available imaging datasets for germinoma. Thus, there is a
critical need for large, diverse, and open-access datasets to better train AI algorithms and challenge AI models
to perform accurate assessments on a large breadth of patient cases.

MRI can produce images of the brain without tissue damage or cranial artifacts, providing important dis-
criminative information for clinicians studying brain tumors*>*’. Additionally, the European Society for
Paediatric Oncology recommended MRI as the primary and standard imaging method for evaluating intrac-
ranial GCTs?. Conversely, the role of computed tomography (CT) in the diagnosis of germinoma has not been
fully studied. Therefore, this study aimed to establish a public database of germinoma that includes clinical data
and a set of morphological and radiological features obtained via segmentation-based CT/MRI to provide a
basis for further AI-based big data research.

In total, 63 CT and 50 MRI datasets from 65 germinomas obtained from two independently operating hos-
pitals on the same campus were reviewed. The imaging modalities included standard MRI sequences (axial
T2-weighted imaging [T2WI], T2-weighted fluid-attenuated inversion recovery [FLAIR], T1-weighted imaging
[T1WI], T1-weighted imaging with contrast enhancement [T1WI_CE], and diffusion-weighted MR imaging
[DWI]) and CT images, with the caveat that two patients had missing DWI sequences. Semi-automatic seg-
mentations of the results of 65 patients with germinoma generated 1688 different features from each imaging
sequence,. Our dataset is publicly available on the figshare repository®® with all tumor segmentations, standard
MRI and CT sequences, clinical data, and a set of morphological and radiomic-based features obtained from
the segmentations.

Methods

Subject characteristics. The follow-up imaging studies and clinical data for this study were obtained from
two independently operating hospitals on the same campus, namely the First Affiliated Hospital of Guangxi
Medical University and Guangxi Medical University Cancer Hospital.

In total, the data of 65 patients newly diagnosed with germinoma via biopsy between May 2015 and April
2024 were retrospectively reviewed. The inclusion criteria were as follows: (1) primary germinoma was con-
firmed by surgical histopathology and immunohistochemical examination; (2) no surgery, radiotherapy, or
chemotherapy was performed before CT and MRI; and (3) surgical treatment was performed within 1 month
after preoperative CT/MRI examination. Patients were excluded from the present study according to the fol-
lowing criteria: (1) the tumor was too small and indistinct on CT/MRI and (2) poor image quality precluded
measurement.

The 65 patients underwent 63 CT and 50 MRI studies. Of those, 113 studies were segmented as described
below. The flow of this study is presented in Fig. 1. The CT and MRI images of the head of a 15-year-old male
patient with germinoma were showed in Fig. 2.

Clinical data and anonymization. Clinical data were collected for the 65 patients, including age at diagno-
sis, sex, pathological and immunohistochemical results, serum tumor marker levels, and serum (3-human chori-
onic gonadotropin (3-HCG). The cohort included 46 males and 19 females aged 6-51 years (mean, 17.09+8.116
years). All 65 patients were pathologically confirmed with intracranial germinoma, including seven patients with
B-HCG > 50 mIU/mL, five patients with elevated alpha-fetoprotein (AFP) levels, and elevated carbohydrate anti-
gen 19-9 (CA199) levels in one patient.
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Fig. 2 The CT and MRI images of the head of a 15-year-old male patient who was admitted for 8 days with
headache. Head CT scan (h)showed an oval, slightly high-density focus in the pineal region and suprasellar
cisterna with clear boundaries, shallow lobed edges and uneven density. MRI showed equal signal on TIWI (b),
slightly high signal on T2WT (a)and FLAIR (c), and obvious uniform enhancement on enhanced scan (e-g).
DWI did not show any diffusion-limited signal (d). The third ventricle and both lateral ventricles widened.
Surgical contraindications were excluded, and pineal tumor resection was performed under general anesthesia.
Intraoperatively, the tumor was located in the pineal region, invaded and compressed peripheral blood

vessels and brain tissue. The CT-based reconstructions (i-k) showed the relationship between tumor, brain
parenchyma, and ventricular system more clearly, with tumor tissue in blue, brain parenchyma in orange, and
ventricular system in purple.

Parameter T2WI FLAIR TIWI DWI TIWI_CE

Median (range) Echo

time (msec) 80(80-128.6) 120(84-162) 20(2.4-22.7) 79.8(73-102.3) 20(2.4-23.1)

Median (range)

Repetition time (msec) 2600(2600-4820) | 6000(6000-8002) | 2000(149-2161.2) | 2404.6(2031.2-7500) | 2000(6.4-2940.1)

Median (range) Spacing

between slices (mm) 7(6-7.8) 7(6-7.8) 7(6-7.8) 7(6-7.8) 7(4-7.8)

Median (range) Slice

Thickness (nom) 6(5-6) 6(5-6) 6(5-6) 6(5-6) 6(3-6)

Table 1. Image parameters from the 50 MRI images segmentations.

Data anonymization was performed using DICOM Anonymizer software (https://www.dicomanonymizer.com).
All private Digital Imaging and Communications in Medicine (DICOM) tags and all tags containing the study
ID, institution name, institution address, referring physician’s name, station name, surgeons’ names, manufac-
turer’s model, manufacturer, accession number, study instance ID, and patient name will be replaced. In addi-
tion, the patient IDs of CT and MRI of the same patient were randomly replaced with the same string, as was all
sensitive or identifying information of segmented images in NIFTI forma for every subject. Furthermore, we
utilized the dicom-validator (https://pydicom.github.io/dicom-validator/) to thoroughly verify all our DICOM
files, and the results confirmed that these files comply with DICOM standards.

Image acquisition.  All T2WI, FLAIR, TIWI, TIWI_CE, and DWI sequences of 50 patients were obtained
before treatment. These segmented imaging sequences were acquired using 1.5-T (n=13) or 3.0-T (n=37) MRI
scanners. Regarding the MRI vendors, General Electric (n = 8), Philips (n=31), and Siemens (n=11) medical
systems were used. Other image parameters are described in Table 1.

All axial CT plain scan sequences of 63 patients were obtained before treatment. The 65 imaging sequences
were acquired with 64-slice(n = 56), 192-slice (n=15), or 256-slice (n=2) CT/multi detector-row computed
tomography (MDCT) scanners. Regarding the CT imaging vendors, General Electric (n=13) and Siemens
(n=50) medical systems were used. Other image parameters are described in Table 2.
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Parameter Value No. of Subjects
Peak kilovoltage (kVp) 130-190 | See DICOM image headers for individual scans
X-ray Tube Current (mA) | 69-559 See DICOM image headers for individual scans
0.6 1
0.625 3
Slice Thickness (mm) 1 46
1.25 6
5 7

Table 2. Image parameters from the 63 CT images segmentations.

Segmentation procedure. All MRI and CT images of the enrolled patients were exported from the
PACS system in the DICOM format, and we used open-source ITK-SNAP software (www.itksnap.org, ver-
sion 3.6.0) for semi-automatic segmentation®*-*2 In ITK-snap software, use the Active Contour (aka ‘Snake’)
Segmentation Mode from the Main Toolbar to perform semi-automatic segmentation. Then, select the
Threshold mode (upper and lower thresholds) in Segment 3D for manual adjustment, In the T2WT sequence,
the ranges for the Lower Threshold and Upper Threshold are 505~728 and 621~1456, respectively. In the
FLAIR sequence, they are 253~305 and 378~440, respectively. In the TIWI sequence, they are 91~209 and
218~499, respectively. In the DWI sequence, they are approximately 180~321 and 276~672, respectively. In
the TIWI_CE sequence, they are approximately 407~548 and 813~1642, respectively. In the CT plain, they are
approximately 25~42 and 84~279, respectively. Segmentations were performed exclusively on the enhancing
component of the tumor, as observed on T1-weighted post-contrast images, and do not include other sites of
disease in the brain, such as tumor deposits in the lateral ventricles. The segmentations were then checked and
manually revised layer by layer as needed by two radiologists with 8 and 10 years of experience, respectively,
in brain diagnosis without knowledge of the patients’ clinical records. One of the radiologists (with 5 years
of experience) performed the second round of segmentation 4 weeks after the initial segmentation. The key
points for image segmentation was to avoid tumor bleeding, necrosis, and cystic lesions. The three-dimensional
volume (VOI) of interest of the primary tumor on T2WI, FLAIR, TIWI, DWI, TIWI_CE, and CT images were
obtained.

Radiomic-based features. The FeAture Explorer Pro (FAE, version 0.5.12, https://sourceforge.net/pro-
jects/feature-explorer/) in Python (version 3.7.6)* was to extract radiomics features. When extracting the image
radiomics features of the images, the images were resampled (1 mm x 1 mm X 1 mm)**-*, and the intensity of
discretization at gray level was set to 16. In total, 1688 different features were extracted for T2WI, FLAIR, TIWI,
DWI, TIWI_CE, and CT respectively for each patient. This feature dataset included shape descriptors. The inten-
sity features included simple first-order statistics and those derived from the gray-level co-occurrence matrix
(GLCM), gray-level run-length matrix (GLRLM), gray-level size-zone matrix (GLSZM,), neigh-boring gray-tone
difference matrix (NGTDM), and gray-level dependence matrix (GLDM).

Ethical approval. This study complied with all relevant ethical regulations. This retrospective research was
approved by the ethics committees of the First Affiliated Hospital of Guangxi Medical University (No. 2024-E338-
01, 2024) and Guangxi Medical University Cancer Hospital (No. LW2024075,2024). Owing to the retrospective
design, the requirement for individual informed consent was waived for this study. The ethics approvals also
permitted the open publication of the data.

Data Records

All data records collected in this study can be found in the figshare repository?. The original medical images
from each follow-up study were stored using digital imaging techniques in the DICOM format. The segmented
images of the tumor and the matched original medical images were stored in the NIfTI format after segmen-
tation. We have uploaded a zip file including three files: one file contains the data of all patients in the DICOM
format; one file contains the data of all patients in the NIfTT format, all segmented images (file named 1.seg.
nii), and the corresponding original images (file named 1.nii); and one file contains seven excel files, including
all clinical data and radiomic features (with morphologic features) computed in segments for each subsequent
study. All image information was anonymized for each patient.

Technical Validation
Data collection. In total, 65 patients newly diagnosed with germinoma via biopsy were retrospectively
reviewed. Only patients in whom germinoma was confirmed by craniotomy of the tumor (n = 60) or ventriculo-
scopy (n=>5) were included in the study.

Data curation and testing of the inclusion criteria were performed by a neurosurgeon with extensive experi-
ence in brain diagnosis and then cross-checked by a different expert.

Segmentation method. All semi-automatic segmentations performed in this study were carefully vali-
dated by an expert radiologist after having been performed by experienced experts in the CT or MRI images and
cross-checked by another expert.
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Consistency analysis. In addition, to evaluate the reproducibility of the extracted feature values, 20 patients
were randomly selected for tumor segmentation 1 month later by the same expert radiologist and a second radi-
ologist. They both had no knowledge of the patients’ clinical and pathologic details. Subsequently, intraobserver
consistency analysis was performed on the images drawn by the same radiologist, and interobserver consistency
analysis was performed on the images drawn by both radiologists. An ICC cutoff of >0.75 was utilized to identify
stable and reproducible features.

Usage Notes

The entire dataset can be downloaded from the figshare repository®. To process the provided images and seg-
mentations, it is highly recommended to use medical imaging tools. We verified that all NIfTI files (segmenta-
tions and images) and DICOM files can be loaded correctly with 3D-Slicer (https://www.Slicer.org).

Code availability

No custom code was used.
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