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ABSTRACT

The application of machine learning approaches to diagnose gliomas from magnetic resonance image data is
becoming increasingly common as machine learning algorithms are being refined and inexpensive, high power
computing resources are readily available. Most current glioma detection techniques involve a biopsy which is
invasive and often has several long-lasting negative impacts. Many different classification techniques have been
tried for image classification of scans containing gliomas including traditional models such as K-nearest neigh-
bors and Random Forest. Deep learning models, specifically convolutional neural networks and pre-built mod-
els, have also been applied to the situation. This study applied 2 traditional machine learning models, Support
Vector Machine and logistic regression classifier, to a publicly available dataset containing over 1200 brain
scans of healthy and diseased patients. After normalization, 854 images were used to train the two models and
367 images were used to test the models. They were then evaluated on the parameters of: area under the receiver
operating characteristic curve and sensitivity to determine which model performed better. Both models had
similar AUC scores, but the SVM model had much higher sensitivity. Considering the possibly fatal ramifica-
tions of incorrectly diagnosing a patient who has been infected with glioma, it was determined that the SVM
was better equipped to handle the classification task. Computer aided diagnosis of the tumor will hopefully be
able to increase the survival rate of people diagnosing with gliomas.

Introduction

Gliomas are a category of intra-axial brain tumor that infect the glial cells that surround and support neurons
(John Hopkins Medicine, n.d.). They are dangerous because tissue which is infected with a glioma is able to
mix with the normal, unaffected cells of the brain often leading to adverse effects. Gliomas are one of the most
commonly diagnosed cancers of the brain among the human population. One third of all brain tumor diagnoses
are some form of glioma (John Hopkins Medicine, n.d.). There are many types of gliomas. Gliomas can occur
in many parts of the brain including in: astrocyte cells, oligodendrocyte cells, and ependymal cells. A specific
type of glioma is named based on which cells have been infected. Regrettably, people infected with gliomas
will usually experience many excruciatingly painful symptoms such as severe headaches, intense nausea and
vomiting, blurred vision and routine seizures (John Hopkins Medicine, n.d.). Unfortunately, the five year rela-
tive survival rate for adults over the age of forty five years old is under ten percent (American Cancer Society,
2020). The relative survival rate drops rapidly as the age at first diagnosis increases, adults over the age of 60
years old only have a five year survival rate of a little bit over 5 percent (American Cancer Society, 2020).
Unfortunately, receiving a diagnosis of glioma is almost always fatal. There is the possibility that the extremely
low survival rate for people who have the disease may partly be attributed to the difficulty of diagnosing it due
to the fact that current detection techniques of the tumor require dangerously invasive biopsy techniques that
often leave many lasting and harmful repercussions, such as frequent spells of dizziness, nausea and seizures.
Computer aided diagnosis techniques will be useful in the noninvasive and accurate diagnosis of gliomas in
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patients. These techniques can be even more accurate than human diagnoses (Bae et. al, 2020) of cancerous
tissue due to gliomas.

Literature Review

As machine learning and computer vision algorithms are becoming increasingly available and efficient, the use
of these algorithms for medical imaging applications are becoming commonplace. The basic premise of all
computer vision algorithms is as follows: an algorithm is applied to a dataset (i.e. the past 6 months of magnetic
resonance imaging scans collected by a radiology lab) and some insight provided by the data (i.e. benign vs
malignant tumors). The algorithm learns from the data provided to make predictions on scans it has not seen
before (Erikson et. al, 2017). In recent years many researchers have developed algorithms to classify scans as
cancerous or not cancerous with varying success (Table 1). One of the recurring issues in trying to diagnose a
patient with glioma is that doctors and researchers are unable to determine a cause for glioma. This means that
gliomas are generally detected once the cancerous cells have accumulated in a large enough quantity that an
individual starts to experience symptoms and informs his/her doctor about them. A lack of a clear indicator of
what to look for in scans has caused difficulty for radiologists and machine learning algorithms to diagnose
gliomas.

A certain amount of success has been found in using the compound O6-methylguanine-DNA-methyl-
transferase (MGMT) promoter’s methylation status as an indicator for any gliomas that have formed around
astrocytes (Perkuhn et. al, 2018; Kansas et. al, 2017).While many different algorithms have been used, they all
primarily intended to decrease the frequency of a false negative being reported. Such an incorrect diagnosis
could end up with unintentionally lethal results. It was also a priority to reduce false positives as such reports
required additional resources for further testing. It is important to note that a direct comparison of the attempts
listed below is not recommended as all of these algorithms have not been tested on the same dataset before, but
these attempts can be used as an indicator for the relative success of the types of algorithms that are available
for use for computer-aided diagnosis of glioma patients.

Table 1. Comparison of machine learning algorithms used to classify scans

Attempted by Model Used Accuracy
Kanas et. al, 2017 Random Forest 70.2%
Kanas et. al, 2017 K- Nearest Neighbors (k =5) 73.6%
Bae et. al, 2020 Human readers 77.4%
Shin et. al, 2021 ResNet-50! 88.9%
Brunese et. al, 2020 Ensemble Learning >99%?

' ResNet- 50 is a pre-trained convolutional neural network
% Trained on over 111, 205 images

Objective
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The purpose of this research study is to provide an efficient implementation of a computer vision algorithm that
has a higher accuracy and higher sensitivity than the current models available for the diagnosis of scans con-
taining glioma infected tissue. It is hypothesized that one of the machine learning models tested will achieve
higher accuracy and higher sensitivity than the current models created for the purpose of diagnosing glioma in

patients.

Methods

Data Acquisition

The dataset used in this study, Brain Tumor Classification (MRI), was acquired from the community published
data platform www.kaggle.com. Originally, Navoneel Chakrabarty and Swati Kanchan collected scans from
multiple different sources through Google Images and Dr. Shashikant N. Ubhe of Chandrabhaga Clinic and
Nursing Home reviewed them to ensure the images’ correct ground-truth labels. This dataset was originally put
together for a university computer science project and was afterwards publicly released on www.kaggle.com
for use by others.
The dataset contains over 3000 scans of pituitary, meningioma, glioma, and non-cancerous patients.

For the purpose of this study, only 826 scans of the glioma patients and 395 scans of non-cancerous patients
were used. Scans of various sizes were used with dimensions ranging from: 225 pixels by 225 pixels to 512
pixels to 512 pixels. Images of the brain were taken in the axial, sagittal, and coronal planes to allow for maxi-
mum coverage of the head and brain region.

Data Pre-Processing

Prior to being fed into the machine learning algorithms, the image data was processed using the Pandas and
NumPy libraries (Figure 1). First, all images were given a label of 0 (representing non-cancerous) or 1 (repre-
senting glioma infected tissue) to identify their target label. All the images were then cropped to an uniform
size of 175 pixels by 175 pixels (Figure 2). All images were then converted to NumPy arrays to allow for
numeric transformations to be applied. It was then necessary to flatten the three dimensional images into two
dimensional images, so that it could be used in computer vision algorithms. To reduce the complexity of the
algorithm required, the final transformation made to the images was to divide all red-blue-green values by 255
to convert all images to grayscale images with colors represented by an intensity value from 0 to 1. Lastly,
seventy percent of the images (854) were randomly assigned to the training set (data available for the computer
to learn from) and thirty percent of the images (367) were put into the testing data set, which will be used later
to evaluate the model.

Training

sel

Enbelod with - Resized to 175 Converted from Flattened to an 2D
ground-truth values pixels by 175 pixels ‘ color to grayscale ‘ array

Testing

st

Figure 1. Flowchart of the steps that were taken during pre-processing of the dataset
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Figure 2. Patient scan after transformations

Models Used

Both of the models created for testing were built using the sci-kit learn library and the Python programming
language in a Jupyter notebook. The first model used on the data was a Support Vector Machine (SVM) utiliz-

ing a linear kernel. An SVM works by finding the hyperplane that maximizes the gap between the positive and
negative class (Figure 3).

Graphical Representation of SVM

-
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Figure 3. Graphical Representation of SVM implementation on a two dimensional surface. Green plus signs
(Positive class) is separated from red negative signs (negative class) by the decision boundary, bolded above.

Different possibilities for the kernel shape were tested including polynomial, squared exponential ker-
nel, sigmoid, and a precomputed option. In the end, a linear kernel was decided upon because the SVM utilizing

a linear kernel required the least training time when compared to the SVM’s training time when using the non-
linear kernel options.
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Figure 4. Shape of a general logistic regression curve (sigmoid function)

Another model that was tested on the dataset was a logistic regression model (Figure 4). In this case,
the logistic regression model will use a sigmoid function (p = 1/ (1 + e ®o™**,%, %", X)) to estimate the
probability of a scan containing cells affected with glioma. If the probability is greater than 0.5, it will be
classified in the 1 class (as a case of glioma); otherwise the algorithm will classify it in the O class (as a case of
no tumor).

Model Evaluation

Both of the models were trained on the 854 images in the training dataset and tested on 367 images. Then, each
model was evaluated on the basis of the area under the receiver operating characteristic curve and sensitivity
(Equation 1). Sensitivity quantifies how well the model is able to avoid classifying an image containing glioma
infected tissue as a non-cancerous case.

Equation 1: Used to quantify the sensitivity of a machine learning model

True Positives

True Positives + False Negatives

Results

After being tested on the testing image dataset of 367 images, the SVM model had an area of 0.8756 under the
receiver operating characteristic curve (AUC score) while the logistic regression had an AUC score of 0.8684.
A direct comparison of the 2 models is graphed in Figure 4. Additionally, the Support Vector Machine was able
to classify 245 of the testing points correctly as a form of glioma (true positive), 5 glioma containing scans were
incorrectly classified as not cancerous scans (false negative), 67 scans of non-cancerous patients were correctly
classified (true negative), while 50 non-cancerous patients were incorrectly classified with a diagnosis of glioma
(false positive). These results are summarized in the confusion matrix below (Figure 5).
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Figure 5. Confusion matrix detailing the computer’s classification of all images in the testing dataset when

trained using a SVM

The logistic regression classifier was able to classify correctly 220 of the images containing glioma. It

correctly classified 81 of the non-tumorous scans. This model incorrectly classified 30 scans containing glioma

infected tissue as non-cancerous scans, and it also misclassified 36 non-cancerous scans as containing glioma

infected tissue. These results are summarized in the confusion matrix below (Figure 6).
Logistic Regression Classifier
Confusion Matrix

Actual Glioma

Actual Non-Glioma

220

Predicted Glioma

36

30

Predicted Non-Glioma

81

Figure 6. Confusion matrix detailing the computer’s classification of all images in the resting dataset when

trained using a logistic regression classifier.
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Calculating the sensitivity of both models from Equation 1 yields 98% as the sensitivity for the model
classifying scans using a SVM and a sensitivity of 88% for the model classifying scans using the logistic
regression classifier. All the values for evaluation metrics used to compare the two models are summarized in
Figure 7.

Comparison of Evalaation Metrics
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Figure 7. Summary of the metrics used to compare the two machine learning models.

Discussion

Both the SVM and the logistic regression classifier had similar AUC scores at .8756 for the SVM trained clas-
sifier and .8684 for the Logistic Regression Classifier. This metric may misleadingly create the impression that
the two models are equally successful at classifying the 367 images they were tested on, but it is necessary to
remember the use case for each of these models. It is blatantly apparent that the SVM algorithm is a very
conservative model when compared to the logistic regression classifier. It has a ten percent higher sensitivity
than the logistic regression classifier. This means that the SVM model is better at identifying all the patients
that do have glioma. With a sensitivity of 98% , almost every scan containing glioma infected tissue will be
marked as such. Considering that the practical use case for this model is for diagnosing a potentially fatal dis-
ease, it would be better to classify the patients’ scans using the SVM model, so that a case of glioma is not
missed. An incorrect diagnosis of being told that a patient does not have the disease when the patient does in
fact have the diagnosis can end up costing human lives.The SVM trained for this task was able to achieve 98%
sensitivity and an accuracy of close to 90%. This model was coded and tested on a Windows Surface Laptop
(Generation 2) without using expensive and complicated computing resources, such as cloud-hosted virtual
machines, and was able to correctly identify almost every case of glioma in the scans it was tested on. This
shows that a SVM trained classifier is a very promising algorithm to use for the accurate and non-invasive
diagnosis of patients with gliomas. The algorithm does its job well, as noted by the sensitivity and AUC score,
and it can be used without requiring a massive technological resource investment by radiology departments.
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Conclusion

This implementation of a traditional machine learning algorithm (SVM) shows that it is absolutely possible to
use machine learning to successfully diagnose gliomas. Both models had higher accuracies than the 77.4%
accuracy of humans classifying scans in a 2020 experiment (Bae et. al, 2020) and further testing of this algo-
rithm can be done by comparing the model’s classification to humans’ performance when classifying scans. A
possibility for further improvement of the classifier is to test the effect of applying dimensionality reduction to
the images prior to feeding the data into the algorithms. Dimensionality reduction would reduce the number of
features of the dataset and thereby allow for a reduction in training time of the algorithm and reduce the need
for high power compute resources to run the model. A limitation of this study was a lack of high power compute
resources with sufficient central processing unit size and storage space. More complex algorithms could be
tested for this task by hosting a virtual machine on cloud hosting services such as Google Cloud Platform or
Amazon Web Services. With higher power computing resources it may be possible to train a convolutional
neural network (CNN) or use one of the many pre-trained CNNs available, such as ResNet-50 or GooglLeNet
(Cinar & Yildirim, 2020) for this task.
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