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Abstract —

Skin cancer remains one of the most prevalent forms of cancer globally, with early and accurate diagnosis
being critical for effective treatment and survival. Recent advancements in deep learning, particularly
Convolutional Neural Networks (CNNs), have revolutionized the field of medical image analysis by enabling
automated, accurate, and efficient detection of various skin cancer types. This review comprehensively
explores the application of CNN-based models for multiclass skin cancer classification, focusing on the
architectural innovations, datasets, preprocessing techniques, and performance evaluation metrics used in
the literature. The paper highlights how deep CNNs outperform traditional image processing methods by
learning complex features directly from dermoscopic images. Various CNN architectures, including AlexNet,
VGG, ResNet, DenseNet, and custom hybrid models, are compared in terms of accuracy, sensitivity,
specificity, and computational efficiency. Additionally, challenges such as class imbalance, data scarcity,
model interpretability, and the need for real-time diagnosis are discussed. The review concludes by
identifying research gaps and suggesting future directions for integrating deep learning models into clinical
workflows for robust and scalable skin cancer diagnosis.
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l. INTRODUCTION

Skin cancer is one of the most common forms of cancer
worldwide, with millions of new cases diagnosed each
year. Among its various types, melanoma is considered
the most aggressive and deadly if not detected and
treated early. The rising incidence of skin cancer has
emphasized the urgent need for early, accurate, and cost-
effective diagnostic systems. Traditionally,
dermatologists rely on clinical examination and
dermoscopic analysis to evaluate suspicious skin lesions.
However, manual diagnosis is highly dependent on the
expertise of clinicians and is prone to subjectivity, inter-
observer variability, and misclassification, especially in
early stages.

To address these challenges, automated and computer-
aided diagnostic (CAD) systems have gained significant
attention. Among the various machine learning
techniques employed in recent years, deep learning,
particularly Convolutional Neural Networks (CNNs), has
demonstrated remarkable success in medical image
analysis. CNNs possess the unique ability to learn
hierarchical features directly from raw image data,
eliminating the need for handcrafted features and
enabling more robust and accurate classification of
complex visual patterns.

In the context of skin cancer detection, CNNs have been
extensively explored for multiclass classification, where
the goal is to distinguish among various skin lesion types

such as melanoma, basal cell carcinoma, squamous cell
carcinoma, and benign nevi. These models have shown
impressive performance in terms of sensitivity,
specificity, and classification accuracy, sometimes
rivaling or even exceeding that of trained dermatologists.
Furthermore, the availability of large-scale dermoscopic
image datasets, such as ISIC, HAM10000, and PH2, has
further accelerated research in this domain.

Despite these advancements, several challenges remain
unresolved. Issues such as data imbalance, poor image
quality, model interpretability, and generalization to
diverse skin tones and imaging conditions still hinder the
clinical translation of CNN-based models. This has led to
ongoing research efforts aimed at developing more
efficient, transparent, and generalizable deep learning
frameworks.

This review aims to provide a comprehensive overview
of the state-of-the-art CNN architectures used in
multiclass skin cancer classification. It covers key
aspects including data preprocessing, augmentation,
architectural innovations, evaluation metrics, and
existing challenges. By highlighting recent trends,
limitations, and future research directions, this paper
intends to support researchers and practitioners in
developing more accurate and clinically applicable Al-
driven diagnostic solutions for skin cancer.

Il.  LITERATURE SURVEY
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Skin cancer is one of the most prevalent types of cancer
worldwide, with early detection playing a critical role in
improving patient survival rates. Traditional methods for
diagnosing skin cancer rely on visual examination,
dermoscopic analysis, and histopathological evaluation,
which are time-consuming and highly dependent on the
expertise of dermatologists. In recent vyears, the
advancements in artificial intelligence (Al) and deep
learning techniques have led to significant improvements
in automated skin cancer detection. Among these,
Convolutional ~ Neural ~ Networks (CNNs)  have
demonstrated remarkable accuracy in classifying
dermoscopic images, making them highly effective for
computer-aided diagnosis (CAD) systems.

Israt Zerin Renu et al (2024) study presents an innovative
approach to the classification of skin cancer, addressing
the need for improved diagnostic accuracy. The research
introduces a solution by incorporating the power of
transfer learning, specifically through the use of the
EfficientNet V2 architecture. By utilizing pre-trained
convolutional neural networks (CNNs), high-level
features are extracted from dermatological images, which
are then fed into an advanced classifier to form a robust
framework for accurate skin cancer classification. The
research uses a comprehensive dataset consisting of 3297
images from the publicly available Skin Cancer ISIC
archive, ensuring a broad representation of both benign
and malignant skin lesions. In the training phase, the
EfficientNet V2 transfer learning approach achieves
notable success, outperforming traditional methods with
an accuracy of 84%, surpassing Inception V3 (82%) and
a generic CNN model (81%). To enhance the
interpretability of the model, an analysis is conducted to
clarify the decision-making process of the EfficientNet
V2, offering insights into the critical features that
influence its predictions. This level of transparency is
essential for fostering trust in the model’s decisions and
facilitating its integration into clinical settings.The
EfficientNet V2 transfer learning approach proves to be a
promising and effective solution, advancing the state of
skin cancer classification systems and contributing to the
ongoing improvement of diagnostic accuracy in
dermatology.

Md Shahin Ali et al (2021) research into automated
analysis of skin lesion images has made significant
progress, the task remains challenging due to factors such
as light reflections, variations in skin tone, and
differences in lesion shapes and sizes. To address this,
automated systems for skin cancer detection can
significantly enhance the accuracy and efficiency of
pathologists, particularly in the early stages of diagnosis.
This paper presents a deep convolutional neural network
(DCNN) model that leverages deep learning techniques
for the accurate classification of benign and malignant
skin lesions. In the preprocessing stage, we first apply a
filter or kernel to eliminate noise and artifacts. Next, we
normalize the input images and extract key features to
improve classification precision. Data augmentation is
then utilized to expand the dataset, which helps enhance
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the model’s classification accuracy. The performance of
the proposed DCNN model is compared with several
transfer learning models, including AlexNet, ResNet,
VGG-16, DenseNet, and MobileNet. The model is tested
on the HAM10000 dataset, achieving a training accuracy
of 93.16% and a testing accuracy of 91.93%. The results
demonstrate that the proposed DCNN model outperforms
existing transfer learning models in terms of reliability
and robustness.

Abdelkader Alrabai et al (2024) study aims to enhance
dermatological healthcare by improving skin cancer
diagnosis through advanced image classification
techniques, offering promising results for early detection
and treatment. Early detection and classification of skin
cancer, particularly melanoma, are crucial for effective
treatment, as melanoma significantly contributes to
global mortality rates. This paper presents a study that
leverages transfer learning with convolutional neural
networks (CNNs) to classify skin cancer images into
Benign and Malignant categories. The study uses two
pre-trained CNN architectures, InceptionV3 and
Xception, applying transfer learning and fine-tuning to
assess their performance. The InceptionV3 model
achieves impressive metrics, including a precision of
0.8914, recall of 0.8909, F1 score of 0.8910, accuracy of
0.8909, and ROC/AUC of 0.8911. These results,
alongside the performance of the Xception model, are
compared to evaluate the effectiveness of both
architectures in early skin cancer detection. InceptionV3
outperforms other state-of-the-art methods,
demonstrating its exceptional capability in skin cancer
classification.

Rashmi Ashtagi et al (2024) study introduces a novel
methodology utilizing the advanced EfficientNetBO deep
learning architecture to enhance the accuracy and
efficiency of skin cancer diagnoses. The approach
focuses on automating the classification of skin lesions,
overcoming challenges posed by their intricate structures
and the subjective nature of traditional diagnostic
techniques. By incorporating advanced training methods,
such as adaptive learning rates and Rectified Adam
(RAdam) optimization, a robust model for skin cancer
classification is developed. The results highlight the
model’s ability to achieve convergence during training,
demonstrating its potential to significantly improve
dermatological diagnostics. This research contributes to
the fields of medical imaging and artificial intelligence
(Al), showcasing the power of deep learning to enhance
diagnostic accuracy. Future directions for this work
include the exploration of explainable Al (XAl)
techniques, collaboration with healthcare professionals,
and the adaptation of the model for telemedicine
applications, ensuring that it remains relevant and
impactful in the evolving field of skin cancer diagnosis.
Shafia Riaz et al (2023) study evaluates FL and TL
classifiers based on key performance metrics such as true
positive rate (TPR), true negative rate (TNR), area under
the curve (AUC), and accuracy (ACC), as reported in
recent research. The review covers studies published
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between January 2018 and July 2023, sourced from a
systematic search of seven reputable databases. A total of
86 articles were included in this review, providing
insights into the latest FL and TL algorithms used for
classifying malignant skin cancer. Skin cancer, a highly
dangerous form of cancer with a significant global
mortality rate, poses challenges for manual diagnosis due
to its complexity and time-consuming nature. In recent
years, deep learning and transfer learning have emerged
as effective methods for diagnosing this deadly disease.
To support dermatologists and healthcare professionals
in classifying skin cancer images into melanoma and
non-melanoma  categories,  enabling  early-stage
treatment, this systematic literature review (SLR)
explores the various federated learning (FL) and transfer
learning (TL) techniques that have been widely applied
in the field. The study presents a taxonomy summarizing
the different classes of malignant and non-malignant skin
cancer, offering a clearer understanding of the problem
space. The results of this review highlight existing
limitations and challenges in the current research, while
also identifying future directions and opportunities for
further exploration. These insights are intended to guide
researchers in advancing automated classification
systems for melanoma and non-melanoma skin cancers,
contributing to improved diagnosis and patient care.
Shashank Patel et al (2024) study utilizes a
dermatological image dataset and employs various
machine learning (ML) techniques, including
Convolutional Neural Networks (CNNs), Support Vector
Machines (SVMs), and decision trees, to assess the
presence of skin cancer with greater precision. By
integrating image processing and feature extraction
techniques, the Al model exhibits enhanced performance
in classifying skin lesions as malignant or benign. The
proposed model achieves an impressive accuracy rate of
98.52%, demonstrating its potential as a valuable tool for
dermatologists and healthcare professionals in
diagnosing skin cancer. This Al-based system shows
great promise in assisting with early detection and
improving diagnostic accuracy in clinical settings.

I1l. METHOD

To conduct this review, a systematic and structured
approach was adopted to identify and analyze relevant
literature on the use of deep convolutional neural
networks (CNNs) for multiclass skin cancer detection
and classification. A comprehensive search was
performed across reputable databases such as IEEE
Xplore, PubMed, ScienceDirect, SpringerLink, and
Google Scholar using key terms like “skin cancer
detection,” “deep learning,” “CNN,” “dermoscopic
image analysis,” and “multiclass skin lesion
classification.” The review included peer-reviewed
articles published between 2015 and 2024 that
specifically applied CNN-based techniques for multiclass
classification of skin lesions and provided clear
performance metrics such as accuracy, sensitivity,
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specificity, and AUC. Studies were selected based on
their relevance, clarity of methodology, use of publicly
available datasets like ISIC and HAMZ10000, and
inclusion of detailed model architecture and training
protocols. Research limited to binary classification,
traditional machine learning methods, or lacking
experimental validation was excluded. Key aspects such
as the type of CNN architecture used, preprocessing
techniques, dataset characteristics, evaluation metrics,
and reported challenges were extracted and thematically
analyzed. This approach ensured a comprehensive and
objective synthesis of the current landscape, highlighting
both the advancements and gaps in CNN-based skin
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Figure 1: CNN method for Skin Cancer

V. CONCLUSION

The increasing global incidence of skin cancer and the
limitations of traditional diagnostic methods have
emphasized the need for accurate, automated solutions.
This review highlights the significant progress made
through the use of deep convolutional neural networks
(CNNs) in the domain of multiclass skin cancer detection
and classification. CNN-based models have proven to be
highly effective in analyzing dermoscopic images,
extracting intricate features, and achieving high
classification accuracy across multiple skin lesion types.
The reviewed literature demonstrates that architectures
such as VGG, ResNet, DenseNet, and hybrid deep
learning models have outperformed traditional
approaches in both diagnostic  precision and
computational efficiency. In conclusion, deep learning,
particularly CNNs, holds immense potential to
revolutionize skin cancer diagnosis by offering reliable,
fast, and scalable solutions. With continued research,
interdisciplinary collaboration, and clinical integration,
these technologies can contribute significantly to early
detection, better treatment planning, and ultimately,
improved patient outcomes in dermatology.
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