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Abstract
Purpose:

Both pilocytic astrocytoma (PA) and hemangioblastoma (HB) are common primary neoplasms of the
posterior fossa with similar radiological manifestations. This study was conducted to evaluate the role of
radiomics in differentiating these two conditions in adults. 

Materials and Methods:

After a retrospective search of our institutional imaging archive, adult patients with a known diagnosis of
PA or HB were included. We reviewed each patient’s most recent preoperative brain magnetic resonance
imaging (MRI). The solid enhancing nodule of each lesion on post-contrast T1 sequence was manually
segmented. Multiple radiomic features were then extracted from each nodule using the Pyradiomic
library. Subsequently, the most predictive features were identi�ed by feature selection models. Following
this, different machine learning (ML) models were constructed based on these selected features to
classify lesions as PA or HB. Finally, we evaluated the performance of each model by leave-one-out cross-
validation. 

Results:

With inclusion and exclusion criteria, 34 enhancing PA nodules and 39 HB nodules were selected. A total
of 115 features were extracted from each enhancing nodule. Twelve characteristics were detected as
most predictive of histopathological diagnosis. Among various ML models, the neural network had the
best performance in differentiating these two conditions with an AUC of 0.9 and an accuracy of 82%. 

Conclusions:

In this retrospective study, radiomic MRI techniques demonstrated high performance in distinguishing
adult posterior fossa PA from HB. Future development of radiomic models may advance presurgical
diagnosis of these two conditions when added to routine clinical practice and thus improve patient
management.

Purpose
According to the WHO classi�cation of central nervous system (CNS) malignancies, pilocytic
astrocytoma (PA) and hemangioblastoma (HB) are grade I tumors. PA is the most common neoplasm in
the posterior fossa during childhood, usually presenting between 5-13 years of age [1, 2]. PA is a slow-
growing neoplasm, and the most common clinical manifestations are secondary to increased intracranial
pressure, such as headache, vomiting, vision, and gait disturbance [2]. On the other hand, HB is another
grade I, highly vascular neoplasm of the posterior fossa with very similar clinical symptoms. HB can be
sporadic or secondary to von Hippel-Lindau (VHL) disease, usually in adults with a mean age of 40-45
years of old [3–6].
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The classical magnetic resonance imaging (MRI) characteristics of these two posterior fossa tumors are
very similar, demonstrating a cystic lesion with a mural nodule, which typically avidly enhances following
the injection of contrast media (Fig. 1) [6]. Traditionally, a cystic lesion in the posterior fossa with an
enhancing nodule is reported as a PA if the patient is a teenager and HB if the patient is an adult.
However, this approach is not always accurate since some HB occur in children, and some PA happen in
older adults. Also, these tumors do not always present with classic radiological �ndings and may present
as a purely cystic lesion or purely solid enhancing nodule [7].

Despite advances in structural imaging, accurate differentiation of these tumor types on imaging remains
a challenge for neuroradiologists as well as neuro-oncologists, and de�nitive diagnosis necessitates
histopathological examination. Biopsy with tissue analysis remains the standard for accurate diagnosis.
However, surgical intervention can be associated with signi�cant risks, such as post-biopsy hemorrhage,
stroke, accidental injury, and perioperative infection. Furthermore, surgical techniques for these two
neoplasms can be quite disparate. For instance, the associated cyst in HB is caused by extravasation of
plasma from neoplastic vessels with increased permeability and peripheral gliosis [8, 9]. Thus, the
surgical technique in HB constitutes resection of the enhancing nodule while leaving the cyst behind [8,
10]. On the other hand, PA in adults is more aggressive than in children, and gross total resection of the
entire lesion—including both nodule and cyst—is currently considered standard of care [11–13]. Having
an accurate prospective diagnosis can be valuable and signi�cantly affect presurgical planning.

Radiomics is an emerging technique in medical imaging to study �ner tumor characteristics. A radiomics
pipeline constitutes lesion segmentation on medical imaging (CT, MRI, PET); extraction of multiple
features from segmented regions; selection of most predictive features; and construction of different ML
models based on these features to predict speci�c clinical outcomes. The most common application of
radiomics has been recognized in the �eld of oncology with varied success in prediction of tumor
histopathology, genetic mutation, and treatment response [14].

In this study, we evaluate the role of radiomics in differentiating between adult PA versus HB on MR
imaging.

Material And Methods
The Ethics Committee approved this institutional retrospective study (Record Number IRB-120719006).
We evaluated tumor histopathology results of adult patients who underwent surgery for HB or PA at our
institution. Electronic medical records (EMR) and imaging data of patients with these diagnoses were
analyzed from 2012 to 2021. Only patients with HB and PA in the posterior fossa were selected. The most
recent brain MRI before tumor resection was then collected. After reviewing these images, patients with
sequelae of prior hemorrhage, surgery, radiation, or other chronic pathology in the posterior fossa such as
remote infarction were excluded. Moreover, only patients with nodular enhancement in the posterior fossa
were included for �nal analysis.
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After normalization and co-registration on post-contrast T1 sequence of each patient, the enhancing
nodule was manually segmented using 3D slicer software [15]. The radiomic features of each segmented
nodule were then extracted using the Pyradiomics library [16]. The most predictive features were isolated
via information gain analysis and then integrated into ML algorithms. Assorted ML models were
developed to differentiate HB from PA. These include AdaBoost, Decision Tree (DT), k-nearest neighbors
algorithm (KNN), Neural network (NN), Random Forest (RF), Naive Bayes, and Support Vector Machines
(SVM). Post-processing of extracted features, feature selection, and ML modeling were performed using
the Orange data mining platform version 3.27 (Bioinformatics Lab at University of Ljubljana, Slovenia)
[17]. The performance of each model was then reported by the area under the curve (AUC), accuracy,
sensitivity, and speci�city via the leave-one-out technique. All statistical analyses were performed using
SPSS version 22 (Chicago, IL: SPSS Inc.). A P-value of 0.05 was determined to be the cutoff point for
statistical signi�cance. The materials and methods of this study have been summarized in Fig. 2.

Results
After inclusion and exclusion criteria, 34 patients with PA were selected for �nal analysis, including 11
male and 23 female patients (mean age of 33.44 and a standard deviation of 16.4). A total of 39
hemangioblastomas were included from 18 patients, including 7 males and 11 females (mean age of
38.3 and standard deviation of 11.8). All PA neoplasms were resected. Several patients with Von Hippel
Lindau (VHL) syndrome underwent resection for at least one nodule, consisting of biopsy-proven HB. In
these patients, other enhancing nodules of the posterior fossa were also considered HB and included in
this study. The age of these two patient populations was not signi�cantly different (P-value of 0.22).

114 features were extracted for each enhancing nodule. Upon implementing feature selection (via
information gain analysis), 12 most predictive characteristics were identi�ed to build ML models. The
selected feature include: Maximum3DDiameter, MajorAxisLength, Sphericity, LeastAxisLength,
Maximum2DDiameterSlice, SurfaceArea, Maximum2DDiameterColumn, Maximum2DDiameterRow, Idn,
GrayLevelNonUniformity (glrlm), GrayLevelNonUniformity (glszm), and Coarseness.

Among different models, the neural network demonstrated the highest performance (AUC of 0.9),
followed by random forest, KNN, SVM, Naive Bayes, AdaBoost, and DT (table 1).

The detailed structure for each model includes KNN (Number of neighbors: 8, Metric: Euclidean, and
Weight: Uniform), Decision Tree (Induce binary tree, Minimum number of instances in leave: 9, No split
subsets smaller than 8, Maximum tree depth: 100, and Stop when majority reaches: 95%), Random Forest
(Number of trees: 30, Replicable training, No split subsets smaller than 9), SVM ( Cost: 1.7, Regression
loss epsilon: 0.2, Kernel: Sigmoid, Optimization Numerical Tolerance: 0.01, and Optimization Iteration
Limit: 100), AdaBoost (Base estimator: Tree, Number of estimators: 57, Learning rate: 1, Classi�cation
algorithm: SAMMER, and Regression loss function: Linear), and Neural Network (Neurons in the hidden
layers: 100,50,20, Activation: tanh, Solver: Adam, Regularization α = 0.0001, and Maximum number of
iterations: 300).
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Discussion
The cerebellum and majority of the brainstem are located in the posterior fossa, extending from tentorium
superiorly to foramen magnum inferiorly, with rarer pathologies than in the supratentorial region [18].
Subacute stroke is the most common lesion with mass effect in the posterior fossa among adults,
whereas intra-axial cerebellar metastases and extra-axial vestibular schwannoma are the most prevalent
neoplastic lesions. HB is the most common primary intra-axial tumor of the posterior fossa in adults,
presenting as a hypervascular enhancing nodule with or without a cyst. Of mesenchymal/meningeal
origin, it constitutes 1.0–2.5% of all intracranial neoplasms and arises from embryologic multipotent
stem cells (hemangioblasts) with deletion of both VHL tumor suppressor genes [19]. 60% of HB present
with classic solid nodule and cyst, whereas 40% present with only an enhancing nodule. Mass effect
from cyst expansion is considered the main cause of clinical symptoms, given the fact that purely
nodular HBs are often asymptomatic [20].

Pilocytic astrocytoma is rare in adults, with an incidence of fewer than 0.1 cases per 100,000 person-
years, and often involves the cerebral hemispheres. 27% of adult PAs occur in the cerebellum, 50% are
solid with variable enhancement, 29% with mixed solid-cystic, and 21% with classic cyst with an
enhancing mural nodule appearance [21].

There are no conventional MRI criteria to differentiate solid enhancing HB from solid enhancing PA, or to
differentiate cyst with mural nodule secondary to HB from that of PA. There are several studies
investigating advanced MRI to distinguish between these two tumors. In one study of posterior fossa
tumors reviewing only 2 PA and 2 HB patients, the ADC values of these two tumors were similar (1.61
x10−3 mm2/s versus 1.7 x10−3 mm2/s) [22].

In the past, ML approaches have been used to differentiate PA from HB. In one study that analyzed 248
patients with intra-axial posterior fossa tumors by ML modeling (including 65 metastases, 27
ependymomas, 26 medulloblastomas, 10 astrocytomas other than PA, 8 lymphomas, 7 atypical
teratoid/rhabdoid tumors (ATRT), 6 glioblastomas, 44 HB, and 43 PA), researchers were able to classify
them with a 90% accuracy rate. Predictive features in that study were ADC histogram of the solid tumor
component, structural MRI �ndings (tumor location, lesion morphology, enhancement pattern, extension
along neuroaxis, T2-FLAIR signal, and mass effect), and patient age. The best ML model was random
forest [23]. The aforementioned study included both children and adults with a mean age of 18.7 for PA
patients and 57.6 for HB. Given that they utilized age as a predictive feature, their model had a relative
advantage in differentiating PA from HB. In our study, all patients were adults without a signi�cant
difference in age between the two cohorts. Although our models did not exploit age, our performance
remained competitive with an AUC of 90% for the best model. Moreover, the prior study employed manual
imaging feature extraction by radiologists, while we utilized software-based automation, which can
eliminate inter and intra-observer variability.
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Nonetheless, our study has several limitations. Firstly, this retrospective analysis was conducted on a
relatively small patient population. PA is not common in adults, leading to a relative paucity of data in our
medical databases. Secondly, we only segmented the enhancing tumor component on the T1 post-
contrast sequence in this conceptual study. Using other portions of the tumor and additional sequences
may lead to better algorithm performance.

Conclusion
Differentiation between HB and PA in the adult posterior fossa is challenging on conventional medical
imaging. However, an accurate preoperative diagnosis is crucial and can signi�cantly alter patient
management and surgical technique. In this context, radiomics analysis of the solid enhancing portion of
lesions is promising for presurgical diagnosis. Our study found neural networks and then random forest
models to be more accurate than other machine learning approaches. Further prospective studies with a
larger sample size are needed before the clinical adaptation of radiomics for this application.
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Table 1. The performance of different machine learning models to differentiate PA from HB. AUC: Area
Under the Curve.
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Model AUC Accuracy Sensitivity Speci�city

Neural Network 0.905 0.82 80 85.1

Random Forest 0.891 0.82 82.6 82.7

kNN 0.868 0.84 86.3 83.3

SVM 0.854 0.8 81.8 80

Naive Bayes 0.835 0.8 86.9 84.6

AdaBoost 0.835 0.76 53.2 59

Decision Tree 0.729 0.73 70.8 75

Figures
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Figure 1

A-C: A hemangioblastoma in the right cerebellar hemisphere in a 29-year-old female presents with a cystic
lesion, peripheral edema, and a mural nodule with enhancement (arrow) on post-contrast T1 sequence (A:
Axial T2, B: Axial FLAIR, and C: Axial T1 with contrast). D-F: A pilocytic astrocytoma in the left cerebellar
hemisphere in a 67-year-old female presents with a cystic lesion, peripheral edema, and a mural nodule
with enhancement (arrow) on post-contrast T1 sequence (D: Axial T2, E: Axial FLAIR, and F: Axial T1 with
contrast).

Figure 2

Materials and methods.


