Cureus

Article

Review began 07/27/2023
Review ended 08/21/2023
Published 08/25/2023

© Copyright 2023

Riazi Esfahani et al. This is an open access
article distributed under the terms of the
Creative Commons Attribution License CC-
BY 4.0., which permits unrestricted use,
distribution, and reproduction in any
medium, provided the original author and
source are credited.

Open Access Original

DOI: 10.7759/cureus.44120

Leveraging Machine Learning for Accurate
Detection and Diagnosis of Melanoma and Nevi:
An Interdisciplinary Study in Dermatology

Parsa Riazi Esfahani ! , Pasha Mazboudi ! , Akshay J. Reddy !, Victoria P. Farasat %, Monica E. Guirgus !,
Nathaniel Tak *, Mildred Min # , Gordon H. Arakji ° , Rakesh Patel ©

1. Medicine, California University of Science and Medicine, Colton, USA 2. Biology, Irvine Valley College, Irvine, USA 3.
Medicine, Midwestern University Arizona College of Osteopathic Medicine, Glendale, USA 4. Dermatology, California
Northstate University College of Medicine, Elk Grove, USA 5. Health Sciences, California Northstate University, Rancho
Cordova, USA 6. Internal Medicine, East Tennessee State University Quillen College of Medicine, Johnson City, USA

Corresponding author: Akshay J. Reddy, reddyak@cusm.org

Abstract

This study explores the application of machine learning and deep learning algorithms to facilitate the
accurate diagnosis of melanoma, a type of malignant skin cancer, and benign nevi. Leveraging a dataset of
793 dermatological images from the Kaggle online platform (Google LLC, Mountain View, California, United
States), we developed a model that can accurately differentiate between these lesions based on their
distinctive features. The dataset was divided into training (80%), validation (10%), and testing (10%) sets to
optimize model performance and ensure its generalizability. Our findings demonstrate the potential of
machine learning algorithms in enhancing the efficiency and accuracy of melanoma and nevi detection,
with the developed model exhibiting robust performance metrics. Nonetheless, limitations exist due to the
potential lack of comprehensive representation of melanoma and nevi cases in the dataset, and variations in
image quality and acquisition methods, which may influence the model's performance in real-world clinical
settings. Therefore, further research, validation studies, and integration into clinical practice are necessary
to ensure the reliability and generalizability of these models. This study underscores the promise of artificial
intelligence in advancing dermatologic diagnostics, aiming to improve patient outcomes by supporting early
detection and treatment initiation for melanoma.
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Introduction

Melanoma, a type of skin cancer that originates from melanocytes is a global health concern [1]. It displays
uncontrolled growth and the potential to spread if not detected and treated [2]. Interestingly, melanoma can
develop from pigmented lesions called nevi on the skin [3]. It is worth noting that melanoma is not limited
to the skin and can also affect the eyes appearing as ocular or uveal melanoma [4]. This particular type of
cancer emerges in melanocytes within the uvea, which encompasses the iris, ciliary body, and choroid [5].
Although ocular melanoma is less prevalent than cutaneous melanoma, it poses a risk due to its tendency to
metastasize to the liver [6]. The timely identification of accurate differentiation between benign and
malignant lesions plays a crucial role in effectively diagnosing and managing melanoma [7].

Skin cancer, including melanoma, has long been associated with a burden of morbidity and mortality even
prior to the coronavirus disease 2019 (COVID-19) pandemic [8]. Various imaging techniques have proven to
be valuable tools for diagnosing and assessing melanoma and nevi. The non-invasive imaging method of
dermoscopy allows for the visualization of subsurface structures and patterns within skin lesions [9]. Within
the field of melanoma, various techniques such as slit lamp biomicroscopy, fundus photography, fluorescein
angiography, and ultrasonography are utilized [10]. These diagnostic tools for skin and ocular melanomas
provide clinicians with information to enhance diagnostic precision and make well-informed management
decisions [11].

Emerging technologies like machine learning and deep learning algorithms offer possibilities for improving
the diagnosis of melanoma and nevi. By employing artificial intelligence (AI) techniques to analyze imaging
data, these algorithms can learn features and patterns that enable accurate differentiation between benign
and malignant lesions [12]. The implementation of Al-based approaches holds the potential to enhance
accuracy and improve decision-making for melanoma management. Such models have the potential to
facilitate detection enable initiation of appropriate treatment and contribute to effective strategies in
managing melanoma [13]. The integration of Al-based detection models for melanoma and nevi into
workflows can enhance capabilities, particularly in healthcare settings where access to specialized
dermatologists or sufficient resources may be limited [14].
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The primary objective of this study is to develop a detection model that utilizes imaging data for the
identification of melanoma and nevi. Our aim is to create a reliable model that can advance diagnosis by
providing dermatologists with an objective and standardized tool [15]. Our research delves into the
possibilities offered by machine learning algorithms (MLA) to enhance the diagnosis of melanoma and nevi
through the analysis of imaging data. We aim to, with the aid of Al technology, create a detection model
that's both precise and swift thereby making contributions to the worldwide endeavor against melanoma. By
addressing the challenges in this explored realm of melanoma research, we hope to improve patient
outcomes and foster advancements in this crucial field.

Materials And Methods

This study aimed to develop a melanoma and nevus detection model using a dataset of 793 skin images
obtained from the Kaggle online platform (Google LLC, Mountain View, California, United States). The
dataset comprised 437 malignant melanoma (Figure /) and 357 benign nevi (Figure 2) images. Machine
learning techniques like convolutional neural networks (CNNs) were utilized to capture pertinent attributes
and patterns from the dermatoscopy images. A CNN is a deep-learning model designed for image analysis. It
utilizes layers of specialized filters to automatically learn and extract hierarchical features from input
images, enabling it to recognize patterns, objects, and structures, while subsequent fully connected layers
process these features for classification or regression tasks. The goal was to leverage Google Cloud’s
collaborative platform (Google LLC) to create a CNN model to correctly identify distinctive features and
patterns associated with melanoma, enabling accurate differentiation between malignant and benign skin
lesions.
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FIGURE 1: CNN Model Detecting Dermatoscopic Image of Melanoma
Lesion

The image showcases characteristic features of melanoma, including irregular borders, variegated colors, and
asymmetry, which are used by the developed Al model for detection and diagnosis.

CNN: convolutional neural network; Al: artificial intelligence
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FIGURE 2: Developed CNN Model Detecting a Nevus

The image highlights characteristic features of nevi, including regular borders, uniform coloration, and symmetry,
which the developed Al model uses to distinguish these benign lesions from malignant melanoma.

CNN: convolutional neural network; Al: artificial intelligence

The dataset used for training was divided into three categories: (i) Training, (ii) Validation, and (ii) Testing.
The first two categories (training and validation) were used to train the model, whereas the third category
(testing) was used to test the model's efficacy. Of the total images, 80% were used for training, 10% for
validation, and the remaining 10% for testing. Skin images were carefully selected from diverse sources to
ensure a representative sample of melanoma and nevi cases. Kaggle.com provided a reliable and accessible
resource for obtaining the dataset. The division of the dataset into training, validation, and testing sets
allowed for model training on a substantial portion of the data while ensuring unbiased evaluation and
generalizability. The training set was used to optimize the model's performance, while the validation set
served to fine-tune the model's parameters and avoid overfitting. The testing set provided an independent
sample for the final model evaluation and performance assessment. The use of skin images in this study
provided a visual representation of melanoma and nevi, allowing the model to learn and recognize specific
patterns associated with malignancy. Including both melanoma and nevi images ensured a comprehensive
dataset to train and effectively validate the detection model.

Ethical considerations

The current investigation was considered exempt from the need for Institutional Review Board approval due
to its exclusive use of a publicly accessible dataset, excluding any direct engagement with human
participants. The dataset used in this study was sourced from openly available repositories, guaranteeing the
full protection of personal information in terms of anonymity and confidentiality.

Results

This study aimed to develop a robust melanoma and nevus detection model by employing MLAs on the skin
image dataset, and the utilization of Kaggle.com as a data source and the carefully partitioned dataset
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enabled the development and evaluation of an accurate and reliable model for melanoma diagnosis.

The model achieved an average precision of 0.905, indicating its potential in accurately classifying
melanoma and nevi cases. The precision value of 80.9% demonstrated the model's ability to correctly
identify melanoma cases. The recall value, measuring the model's ability to capture all positive cases, was
found to be 97.1%. Sensitivity, representing the true positive rate, was calculated as 82.02%, highlighting the
model's effectiveness in correctly identifying melanoma cases. The specificity value, indicating the true
negative rate, was determined to be 81.8%, showcasing the model's capability to accurately identify nevi
cases. The F1 score, balancing precision and recall, was calculated as 0.883, further validating the model's
overall performance, as depicted in Figure 3. The accuracy of the model, assessing its overall correctness in
classifying melanoma and nevi cases, reached 88.6%. These values were calculated from the confusion
matrix, as depicted in Figure 4. These results demonstrate the model's potential in accurately identifying
melanoma cases while effectively distinguishing nevi cases. Further evaluation and refinement may be
necessary to enhance the model's performance, but these findings highlight its ability to contribute to the
field of melanoma diagnosis and management.

100%
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FIGURE 3: AUC Graph for Melanoma Detection Model Including Recall
and Precision.

This visual representation of area under the curve (AUC) graph showcases the precision and recall of the neural
network model at varying confidence intervals. The researchers collected data for the model, employing a
confidence interval of 0.05.
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FIGURE 4: Confusion Matrix

Different metrics of accuracy, precision, recall (sensitivity), specificity, and F-1 Score were calculated using the
values from the confusion matrix.

Discussion

Melanoma, a type of skin cancer originating from melanocytes, poses a challenge in dermatology with
regard to detection and diagnosis [16]. In this study, our objective was to explore the capabilities of machine
learning and deep learning algorithms in detecting melanoma and nevi using imaging techniques. We
utilized a dataset of images to develop a model that can effectively differentiate between malignant
melanoma and benign nevi. The findings from our study highlight the potential of MLA in improving the
accuracy and efficiency of melanoma and nevi detection. Dermatologic imaging techniques, including
dermoscopy reflectance confocal microscopy, and optical coherence tomography are tools for visualizing
and evaluating skin lesions. They provide dermatologists with information for enhancing accuracy and
making informed decisions about the pathology of the skin lesion, whether it is cancerous, benign, or has the
potential to become cancerous and metastasize [17]. These imaging methods offer high-resolution images of
skin lesions that facilitate the identification of features and patterns associated with melanoma and nevi.

Our developed model exhibited performance metrics such as precision, recall, sensitivity, specificity, and
accuracy. Its ability to accurately distinguish between melanoma and benign nevi demonstrates its clinical
utility. By learning features and patterns indicative of melanoma MLAs contribute to the differentiation
between malignant and benign skin lesions [18].

It is important to recognize the limitations of this study despite the results achieved by the developed
model. The dataset utilized may not encompass the range of melanoma and nevi cases, which could hinder
the model's ability to be applied in clinical scenarios. The model's performance might also be influenced by
variations, image quality, and acquisition methods commonly encountered in practice [19]. To ensure the
model's dependability and effectiveness, further validation studies incorporating larger datasets and
validation using independent cohorts are necessary. These endeavors will enable assessing the model's
performance across populations and imaging systems. Moreover, it is essential to consider the integration of
the model into workflows evaluating its practicality and impact on care.

The potential of applying MLA to dermatologic imaging for melanoma and nevi detection is highly
promising. The findings from this study contribute to efforts to enhance diagnosis and facilitate informed
decision-making in dermatology. The presence of reliable models for melanoma and nevi detection can
assist dermatologists in making precise diagnoses, ultimately leading to improved patient outcomes and
more effective skin cancer management programs. This research study highlights the capabilities of
machine learning and deep learning algorithms in creating a model, for detecting melanoma and nevi
through dermatologic imaging. The findings underscore the significance of differentiating between non-
cancerous skin lesions with imaging techniques playing a crucial role in aiding this procedure. Additional
research, validation, and implementation, into practice, are essential to harness the benefits of these models
and improve melanoma diagnosis and patient well-being.

Conclusions

This study highlights the potential of MLA in accurately detecting and distinguishing between malignant
melanoma and benign nevi using dermatologic imaging techniques. By leveraging the power of Al, this
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model provided standardized and objective analysis, which can aid dermatologists in making informed
decisions and improving patient outcomes. This could be done by using Al as a screening technique in rural
areas or areas lacking access to dermatologists allowing for a more effective and efficient healthcare system.
However, further research and validation studies are needed to ensure the reliability and generalizability of
these models in real-world clinical settings. Integrating machine learning-based melanoma and nevi
detection into routine clinical practice holds great promise for enhancing diagnostic accuracy and
optimizing patient care.

Additional Information
Disclosures
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info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
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