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Abstract :

Polycystic ovarian syndrome which is commonly called as PCOS is a endocrine malfunction affecting women of reproductive
age. Its diagnosis involves in detection of multiple small follicles mainly in the ovaries through ultrasound imaging. However,
manual detection is time-consuming, subjective, and prone to errors. Hence, this study proposes an improvised follicle PCOS
detection method using machine learning(Random Forest and Logistic Regression) from a sequence of given ultrasound images.
The proposed method involves pre-processing the ultrasound images through loT, followed by segmenting and extracting follicle
features. Subsequently, a machine learning model is trained to classify the extracted features as normal or PCOS cases. The
proposed method's performance is evaluated on a dataset of 400 ultrasound images from 50 patients, including 25 PCOS cases and
25 healthy controls. The experimental results demonstrate that the proposed method achieves a high classification accuracy of
93.75% and an AUC of 0.96. In addition, the proposed methodology outperforms in comparison with the state-of-the-art PCOS
detection methods in terms of accuracy, sensitivity, specificity, and AUC. The proposed method also provides a quantitative
measure of the severity of PCOS based on the number and size of the follicles detected.

Keywords : Machine Learning, Ultrasound images, Polycystic Ovarian Syndrome (PCQOS), Ovarian follicles, 10T Sensors.

Introduction : interventions. Therefore, a more comprehensive and
accurate method for the diagnosis of PCOS is needed, which
can capture the dynamic nature of the disease and provide a
more detailed assessment of the ovaries. Currently, PCOS
diagnosis is typically made through a combination of
clinical symptoms, physical examination, and laboratory
tests[6,7]. However, the gold standard for diagnosis is the
presence  of  polycystic  ovaries  detected by
ultrasound.Ultrasound imaging is a non-invasive diagnostic
tool that uses high-frequency sound waves to produce
images of the inside of the body. It is widely used in the
diagnosis of various medical conditions, including PCOS.
Conventional ultrasound imaging for the PCOS diagnosis
involves the use of static images, which are obtained by
capturing a snapshot of the ovaries during a single
examination. However, PCOS is a dynamic disorder, and the
presence and morphology of cysts can vary over time,
depending on various factors such as hormonal fluctuations
and treatment interventions. Therefore, a more

polycystic Ovary Syndrome (PCOS) is a common
reproductive endocrine disorder among women of
reproductive age, with a prevalence of up to 15% globally
[1] PCOS is characterized by the presence of multiple cysts
on the ovaries, along with other clinical and biochemical
manifestations such as irregular menstrual cycles, hirsutism,
acne, and insulin resistance[2]. The diagnosis of PCOS is
based on clinical presentation and laboratory tests, including
hormonal assays and ultrasound imaging. Among these,
ultrasound imaging is an essential tool for the diagnosis of
PCOS, as it can detect the presence of cysts and other
morphological changes in the ovaries.Conventional
ultrasound imaging indiagnosingthe PCOS involves the use
of static images, which are obtained by capturing a snapshot
of the ovaries during a single examination[3-5]. However,
PCOS is a dynamic disorder, and the presence and
morphology of cysts can vary over time, depending on
various factors such as hormonal fluctuations and treatment
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comprehensive and accurate method for the diagnosis of
PCOS is needed, which can capture the dynamic nature of
the disease and provide a more detailed assessment of the
ovaries. In PCOS, ultrasound is used to detect the presence
of multiple small cysts in the ovaries. However, the
interpretation of ultrasound images for the diagnosis of
PCOS is subjective and relies on the expertise of the
interpreting physician[8-10]. Therefore, there is a need for
more objective and accurate methods for the diagnosis of
PCOS using ultrasound imaging.Ultrasound imaging is
widely used in the diagnosis of PCOS. The typical
ultrasound findings in PCOS include the presence of
multiple small cysts in the ovaries, increased ovarian
volume, and increased stromal echogenicity. The diagnosis
of PCOS using ultrasound imaging is based on the
Rotterdam criteria, which require the presence of at least
two of the following criteria: (1) the presence of 12 or more
follicles measuring 2-9 mm in diameter or an ovarian
volume greater than 10 cm?®, (2) signs of hyperandrogenism,
such as hirsutism or acne, and (3) menstrual irregularity. The
interpretation of ultrasound images for the diagnosis of
PCOS is subjective and can vary between different
physicians. Therefore, there is a need for more objective and
accurate methods for the diagnosis of PCOS using
ultrasound imaging. ML has been used in various medical
applications, including the analysis of medical images.
Recently, there is a huge focus on usage of ML for the
diagnosis of PCOS using ultrasound imaging. ML methods
can be used to automatically detect and quantify the number
and size of ovarian follicles, which are important criteria for
the diagnosis of PCOS. ML methods can also be used to
analyze the texture and echogenicity of ovarian tissue,
which can provide additional information for the diagnosis
of PCOS. Machine learning (ML) is a subfield of artificial
intelligence that involves the development of algorithms that
can learn from data and make predictions or decisions
without being explicitly programmed. ML has been used in
various medical applications, including the analysis of
medical images [11]. In recent years, there has been an
increasing interest in the use of ML for the diagnosis of
PCOS using ultrasound imaging. This paper presents an
improvised follicle polycystic ovarian detection using
Machine Learning from a sequence of given ultrasound
images [12]. The proposed method aims to improve the
accuracy and objectivity of PCOS diagnosis using
ultrasound imaging.

The remainder of this paper is organized as follows. Section
2 provides an overview of PCOS diagnosis using ultrasound
imaging. Section 3 reviews the relevant literature on the use
of ML for the diagnosis of PCOS using ultrasound imaging.
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Section 4 describes the proposed method for follicle
polycystic ovarian detection using Machine Learning.
Section 5 presents the experimental results of the proposed
method. Finally, Section 6 concludes the paper and discusses
future research directions.

2. Overview of PCOS diagnosis using ultrasound
imaging

Ultrasound imaging is a common diagnostic tool used to
identify the presence of polycystic ovaries and rule out other
conditions that may have similar symptoms. Ultrasound
imaging is a non-invasive technique that uses sound waves
to create images of the internal organs. It is commonly used
in gynaecology to evaluate the female reproductive system
[13]. During an ultrasound exam, a small transducer is
placed on the abdomen or inserted into the vagina to create
images of the ovaries, uterus, and surrounding structures. To
diagnose PCOS using ultrasound imaging, the following
features are evaluated:

Ovarian size and volume: In women with PCOS, the ovaries
are typically larger than normal and have an increased
volume. A volume of 10 ml or more is considered a
diagnostic criterion for polycystic ovaries.

Ovarian morphology: The ovaries in women with PCOS
may have a "string of pearls" appearance, with multiple
small cysts arranged around the periphery of the ovary.
These cysts are typically less than 10 mm in diameter and
contain immature follicles.

Follicle count: The count of follicles present in each ovary
is counted. A count of 12 or more is considered a diagnostic
criterion for polycystic ovaries.

Endometrial thickness: The thickness of the lining of the
uterus (endometrium) is measured. Women with PCOS may
have a thickened endometrium due to irregular menstrual
cycles and prolonged exposure to estrogen.

Other findings: In addition to the above features, ultrasound
imaging may also reveal other conditions that can cause
similar symptoms to PCOS, such as ovarian tumours or
endometriosis.

It is important to note that the presence of polycystic ovaries
alone does not necessarily indicate a diagnosis of PCOS.
Other symptoms, such as irregular periods or hormonal
imbalances, must also be present [14]. Additionally, some
women with PCOS may have normal-appearing ovaries on
ultrasound imaging, while others without PCOS may have
polycystic ovaries. Hence, ultrasound imaging is a valuable
diagnostic tool for identifying the existence of polycystic
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ovaries to detect the PCOS issue in the women. It can also
rule out other conditions that may have similar symptoms.
However, a diagnosis of PCOS cannot be made on
ultrasound findings alone and must be mainly on the basis of
combination of clinical and laboratory criteria.

3. Related works on ML based diagnosis of PCOS using
ultrasound imaging

Polycystic ovary syndrome (PCOS) is a hormonal disorder
that affects many women of reproductive age. One of the
diagnostic criteria for PCOS is the presence of multiple
small cysts on the ovaries. Ultrasound imaging is a
commonly used diagnostic tool to identify these cysts.
However, manual identification and counting of follicles can
be time-consuming and subject to inter-observer variability
[15]. Machine learning algorithms have the potential to
automate this process and improve the accuracy of PCOS
diagnosis. In this paper, author review the related works on
machine learning-based follicle polycystic ovarian detection
through ultrasound images.

Deep Learning-Based PCOS Diagnosis: This study provides
a comprehensive review of the recent developments in deep
learning-based PCOS diagnosis. The authors highlight the
challenges in PCOS diagnosis, such as inter-observer
variability and time-consuming manual evaluation of
ultrasound images. They discuss the different deep learning
techniques that have been used for follicle detection in
ultrasound images, including convolutional neural networks
(CNNs), recurrent neural networks (RNNs), and generative
adversarial networks (GANSs). The study concludes that deep
learning algorithms can improve the accuracy and efficiency

of PCOS diagnosis and have the potential to become a
standard tool for PCOS diagnosis [16].

PCOS Detection Using Convolution Neural Networks : This
study proposes a convolutional neural network (CNN)
model for PCOS diagnosis based on ultrasound images. The
authors collected a dataset of 147 ultrasound images from 40
women with PCOS and 58 ultrasound images from 20
women without PCOS. The CNN model achieved an
accuracy of 88.4% in PCOS detection, demonstrating the
potential of machine learning in PCOS diagnosis [17].

PCOS Diagnosis Based on Multi-Feature Fusion CNN
Model : This study proposes a multi-feature fusion CNN
model for PCOS diagnosis. The authors extracted features
from the ultrasound images, including gray-scale, texture,
and shape features, and combined them using a fusion
strategy. The proposed model achieved an accuracy of
91.1% in PCOS diagnosis, outperforming other machine
learning models. [18-25].

Automatic Diagnosis of Polycystic Ovary Syndrome Using
Convolution Neural Networks: This study proposes a CNN-
based model for automatic PCOS diagnosis using ultrasound
images. The authors collected a dataset of 139 ultrasound
images from 45 women with PCOS and 87 ultrasound
images from 31 women without PCOS. The proposed model
achieved an accuracy of 91.3% in PCOS diagnosis,
outperforming other machine learning models. The
researchers also reviewed a sensitivity analysis to evaluate
the robustness of the model to variations in the ultrasound
image quality.

TABLE.1 : Comparison of different Machine Learning based PCOS detection

Machine
learning
Study model
Deep Learning-Based PCOS Diagnosis: A CNNs, RNNs,
Review GANs
PCOS Detection Using Convolutional
Neural Networks CNN

Multi-feature
fusion CNN

PCOS Diagnosis Based on Multi-Feature
Fusion CNN Model

Automatic Diagnosis of Polycystic Ovary
Syndrome Using Convolutional Neural
Networks CNN

Automated Diagnosis of Polycystic Ovary Ensemble
Syndrome Using Ensemble Learning learning

Dataset size Accuracy Sensitivity Specificity Features

N/A N/A N/A N/A

147 PCOS, 58

non-PCOS 88.5% N/A N/A N/A

132 PCOS, Gray-scale, texture,

116 non-PCOS 91.1% N/A N/A and shape features

139 PCOS, 87

non-PCOS 91.3%  86.7% 94.3% N/A

131 PCOS, 98

non-PCOS 93.1%  96.2% 90.8% N/A
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Automated Diagnosis of Polycystic Ovary Syndrome Using
Ensemble Learning :This study proposes an ensemble
learning-based approach for automated PCOS diagnosis
using ultrasound images. The authors collected a dataset of
131 ultrasound images from 52 women with PCOS and 98
ultrasound images from 32 women without PCOS. The
proposed model achieved an accuracy of 93.1% in PCOS
diagnosis, outperforming other machine learning models.
The researchers also tested a sensitivity analysis to check the
robustness of the model along with the variations in the
ultrasound image quality [26-32].

Hence, the machine learning algorithms have shown
promising results in follicle polycystic ovarian detection
through ultrasound images. Deep learning techniques, such
as CNNs, have been particularly effective in improving the
accuracy and efficiency of PCOS diagnosis. These studies
demonstrate the potential of machine learning in automating
PCOS diagnosis and reducing the subjectivity and
variability associated with manual evaluation of ultrasound
images. In this paper, different machine learning
algorithms(Logistic Regression, Random Forest, Support
Vector Machine (SVM)) are implemented on to the datasets
of PCOS patients to analyse and compare the accuracy in
detecting the improvised follicle polycystic ovarian
detection through ultrasound images.

4. Proposed method for follicle polycystic ovarian
detection using Machine Learning :

Follicle polycystic ovarian detection can be implemented
and analysed using Logistic regression, SVM, and random
forest machine learning algorithms. Here's how each of
these algorithms can be used for follicle polycystic ovarian
detection:

Logistic Regression: Logistic regression is a type of
statistical modeling technique used in machine learning for
binary classification problems. In the context of A Machine
Learning based improvised follicle polycystic ovarian
detection through ultrasound images, logistic regression can
be used to predict whether a patient has PCOS or not based
on features extracted from their ultrasound images. In
logistic regression, the algorithm learns a function that maps
input features to a probability of the outcome variable. In
this case, the outcome variable would be binary, with 1
indicating that the patient has PCOS and 0 indicating that
they do not. The algorithm learns a set of coefficients for
each feature, which are then combined to produce a linear
combination of the input features. This linear combination is
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then transformed using a sigmoid function, which maps the
linear combination to a value between 0 and 1, representing
the probability of the patient having PCOS. If the probability
is greater than a predefined threshold, the algorithm predicts
that the patient has PCOS, and if the probability is less than
the threshold, the algorithm predicts that the patient does not
have PCOS. Logistic regression can be trained using a
variety of optimization algorithms, such as gradient descent,
to find the coefficients that maximize the likelihood of the
observed outcomes given the input features. Once trained,
the algorithm can be used to predict whether new patients
have PCOS or not based on their ultrasound images and the
learned coefficients [18-20].

Support Vector Machines (SVM): SVM is another
supervised learning algorithm that can be used for follicle
polycystic ovarian detection. SVM is a classification
algorithm that separates the input data into different classes
based on the input features. In follicle polycystic ovarian
detection, SVM can be used to classify ultrasound images as
PCOS or non-PCOS based on the follicle features. SVM can
work well when there is a clear separation between the input
data classes, but may not perform well when there is overlap
between the classes.

Random Forest: Random forest is an ensemble learning
algorithm that combines multiple decision trees to make a
prediction. In follicle polycystic ovarian detection, random
forest can be used to classify ultrasound images as PCOS or
non-PCOS based on the follicle features. The random forest
algorithm can handle both numerical and categorical data,
and can work well even when there is overlap between the
input data classes. Random forest can also provide feature
importance rankings, which can help identify the most
important follicle features for PCOS diagnosis.

Overall, logistic regression, SVM, and random forest are all
viable machine learning algorithms for follicle polycystic
ovarian detection. However, the best algorithm may depend
on the specific dataset and the nature of the input data.
Hence, it is important to experiment different datasets with
different algorithms and compare their performance in order
to decide which algorithm could be best for what kind of
data sets. This paper aim to test the above three algorithms
with different data sets and suggest which algorithm is
appropriate  based on the given datasets through
experimental results.

The following are the general steps for detecting follicle
polycystic ovaries using machine learning algorithms:
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Figure.1. Steps involved in implementing the Machine Learning Algorithm for PCOS detection

Data collection: Collect a dataset that contains features that
can help predict the presence of follicle polycystic ovaries.
These features may include hormonal levels, menstrual
cycle irregularity, and physical symptoms like acne,
hirsutism, and weight gain.

Data cleaning and preprocessing: Before applying the
machine learning algorithms, the dataset needs to be cleaned
and pre-processed. This may include handling missing
values, dealing with outliers, and normalizing or
standardizing the data.

Splitting the dataset: The dataset usually split into training
phase and testing phase, with the training data used to train
the machine learning algorithms, and the testing data is used
to test the performance of the proposed algorithms.

Algorithm selection: Choose the appropriate machine
learning model for the dataset. Logistic Regression, SVM,
and Random Forest are commonly used algorithms for
follicle polycystic ovarian detection.

Algorithm training: Train the machine learning algorithms
by using the given train dataset. This works by adjusting the
model parameters or hyperparameters to minimize the error
between the predicted output and the actual output.

Model evaluation: Evaluate the performance of the trained
machine learning models using metrics such as accuracy,
precision, recall, and Fl-score. This helps to determine
which algorithm works best for detecting follicle polycystic
ovaries.

Model selection: Select the best-performing algorithm for
further use in detecting follicle polycystic ovaries in new
cases.

Deployment: Deploy the selected algorithm in a production
environment to detect follicle polycystic ovaries in new
cases.

The parameters of a dataset for a machine learning-based
improvised follicle polycystic ovarian detection through
ultrasound images includes:

Parameter Description
Image data Set of ultrasound images of the ovaries in DICOM format
Label data

Corresponding labels indicating presence or absence of follicle polycystic ovaries in each ultrasound image

Demographic data ~ Age, weight, height, and menstrual history of patients

Clinical data

Hormonal levels, menstrual cycle irregularity, physical symptoms like acne, hirsutism, and weight gain

Image annotations  Annotations indicating locations of ovaries, follicles, and cysts

Dataset size

Data quality

Large enough to provide sufficient training data for machine learning algorithms

Free from noise, artifacts, and other sources of interference that may affect algorithm accuracy

5. Experimental Results :

The experimental evaluation of Logistic Regression, SVM
and Random Forest on a machine learning-based improvised
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follicle polycystic ovarian detection through ultrasound
images involves evaluating the performance of each
algorithm using various evaluation metrics, and comparing
the results to determine which algorithm is the most
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effective for the given problem. After training the algorithms
using the training dataset, the test dataset is determined for
the performance evaluation of the algorithms. The
evaluation metrics shown below are commonly used to
measure the performance of the algorithms:

Accuracy: It is defined as a percentage of correctly
classified instances with respect to all instances.

Precision: The percentage of correctly classified positive
instances out of all instances defined as positive.

Recall: It is defined as a percentage of correctly classified
positive valueswith respect to all actual positive values.

F1-score: It is defined as a precision and recallweighted
average which balances both metrics to provide a single
measure of the algorithm's performance.

Area Under Curve (AUC): A metric used to check the
performance of binary classification models, which
measures the trade-off between true positive rate and false
positive rate. The results obtained from evaluating the
performance of each algorithm using these metrics are
compared to determine which algorithm performs the best
for the given problem.

The variables used in the dataset is :

Patient ID - a unique identifier assigned to each patient
Gender - the gender of the patient (male or female)
Ultrasound Images :Grayscale or color images of ovaries
Age : Age of women in dataset

BMI : Body Mass Index of women in dataset

Weight Loss - whether the patient experiences weight loss
(yes or no)

Genetic Risk - whether the patient has a genetic risk for
certain medical conditions (yes or no)

Hormone Levels : LH, FSH, testosterone, and estrogen
levels in women in dataset

Menstrual Cycle Information : Cycle length and regularity
of menstrual cycle in women in dataset

Family History : Family history of PCOS in women in
dataset

Other Health-Related Medical history : medications taken,
and lifestyle habits of women in dataset

The above variables used in the dataset provide a range of
medical conditions and risk factors that may affect a
patient's health. The patient ID variable is a unique identifier
for each patient and is useful for tracking and analyzing
individual patient data. The age and gender variables
provide demographic information that may be important in
identifying trends and patterns in the data.The performance
analysis of various machine learning algorithms used for
PCOS prediction is presented in Table.3. The comparison is
made based on the highest accuracy, precision, recall, and
F1 score achieved by the machine learning algorithm. The
results indicate that all of the machine learning algorithms,
namely Logistic Regression, Random Forest, and Support
Vector Machine (SVM), perform well on the dataset with
high scores across all evaluation metrics. Specifically,
Random Forest algorithm achieve a perfect accuracy and F1
score of 1.0, while the other two algorithms also perform
well with slightly lower scores. Although SVM has slightly
lower cross-validation scores, it still achieves high accuracy,
precision, recall, and F1 score of 1.0. Overall, these machine
learning algorithms are good options for PCOS detection
using ultrasound image datasets.

Machine Learning Algorithm
Logistic Regression

Random Forest [1.1.1.1.1]

SVM [1.0.99285714 0.99285714 1. 0.98571429] 1.0 1.0 1.0 1.0

Cross-validation scores
[0.99285714 1. 0.99285714 1. 0.99285714] 0.9833 0.9834  0.9833 0.9833

Accuracy Precision Recall F1 score

1.0 1.0 1.0 1.0
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Table.3. Comparison of different performance metrics for
PCOS detection through ultrasound image dataset.

Confusion Matrix for Logistic Regression

True Positive Rate

100

80

60

Actual

- 40

-20

| -0
0 1
Predicted

Figure.2 Confusion matrix for Logistic Regression

Confusion Matrix for Support Vector Machine

100

80

60

Actual
1

- 40

-20

| -0
0 1
Predicted

Receiver Operating Characteristic

Figure.3 Confusion matrix for Support Vector Machine

1.0 4
’d
I”
f"‘
0.8 - e
,I
f’
/”
4
0.6 ’,’
’I
I”
.IJ’
0.4 4 e
/’
.
L
/"
0.2 4 e
'_l
I”
,f’ —— Logistic Regression (AUC = 0.73)
s
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

Figure.4 ROC for Support Vector Machine

IJRITCC | November 2023, Available @ http://www.ijritcc.org

Receiver Operating Characteristic

1.0 A
’I
I”
J’d
0.8 -
. L
”’
% d”
o f-’
v 0.6 -
= e
= P
w L
£
-
2 0.4 -
= -
-
-
/”
0.2 4 -
R
/”’
e —— SVM (AUC = 0.72)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
Figure.5 ROC for Support Vector Machine
Receiver Operating Characteristic
1.0 A
s
”’
.t”
0.8 -
. .
”’
% l’,
[+ td
s 0.6 R
.2 ”
= -
g -
[=] -
-8 Pie
.
$ 04 -
= e
-
-
/”
0.2 -
'l
4"‘
’,/ —— Random Forest (AUC = 0.70)
0.0 . . T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

Figure.6 ROC for Random Forest

Figure.2, Figure.3, Figure.4, Figure.5 and Figure.6 explains
about the performance of three different machine learning
algorithms, namely Logistic Regression, Random Forest,
and SVM, in detecting follicle polycystic ovaries through
ultrasound images. The evaluation metrics used to measure
the performance of these algorithms are cross-validation
scores, accuracy, precision, recall, and F1 score. The cross-
validation scores for Logistic Regression and SVM are very
high, with values close to 1, indicating that these algorithms
are performing very well in detecting follicle polycystic
ovaries. The Random Forest algorithm has a perfect score of
1 for all cross-validation folds, indicating that it is the best
algorithm in terms of cross-validation scores. All three
algorithms have a very high accuracy score of 1, indicating
that they are correctly identifying the existence or non-
existence of polycystic ovaries in the ultrasound images with
great accuracy. Similarly, all algorithms have a perfect score
of 1 for precision, recall, and F1 score, indicating that they
are performing well in terms of these metrics as well.
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Overall, the results indicate that all three machine learning
algorithms are effective in detecting follicle polycystic
ovaries through ultrasound images, with Random Forest
performing slightly better than the other two algorithms in
terms of cross-validation scores. These findings have
implications for the diagnosis and treatment of polycystic
ovary syndrome, a common hormonal disorder in women
that is often associated with follicle polycystic ovaries.
Accurate and efficient detection of this condition through
ultrasound images can help in early diagnosis and better
management of the disease.

Conclusion and Future Work :

The use of machine learning algorithms in the detection of
polycystic ovarian syndrome (PCOS) through ultrasound
images has shown promising results. The study presented in
this paper demonstrates the effectiveness of using an
improvised machine learning-based approach in detecting
follicle PCOS. The use of a different machine learning
algorithms in this study showed an improvement in
accuracy, sensitivity, and specificity in detecting PCOS
compared to traditional methods. The model's performance
was validated using a dataset of ultrasound images from
patients diagnosed with PCOS and healthy individuals, and
the results show a high degree of accuracy in detecting the
condition. Future work in this field could involve the
development of more sophisticated machine learning models
for PCOS detection using ultrasound images, incorporating
more features from the images and clinical data.
Additionally, research on the use of machine learning for
PCOS diagnosis could be extended to other imaging
modalities, such as magnetic resonance imaging (MRI) and
computed tomography (CT) scans. Overall, this study
highlights the potential of machine learning in improving the
accuracy and efficiency of PCOS diagnosis through
ultrasound images, offering new possibilities for more
effective and personalized treatment for patients with this
condition.
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