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Abstract. Modern medical technology has been advancing continuously, and deep learning, a
potent machine learning technique, demonstrates significant potential in the domain of cancer
identification and diagnosis. This paper through methods of licterature review, examines the
distinctive abilities and advancements of deep learning in the recognition, classification, and
segmentation of breast and lung cancer images. Deep learning has proven to be very suitable for
medical image analysis and has the ability to aid and even autonomously make decisions in many
stages of cancer diagnosis, including history taking, imaging, and biopsy. Furthermore, it
possesses the capability to precisely identify, categorize, and divide photos pertaining to breast
and lung cancer. Additionally, it has the capacity to identify and predict tumors based on gene
expression profiles, so enhancing the efficacy of contemporary medicine in the identification and
prevention of cancer. These findings have significant implications for cancer detection and
treatment in contemporary healthcare, offering clinicians a potent tool to enhance diagnostic
precision and treatment effectiveness.
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1. Introduction

The field of Artificial Intelligence (Al) has garnered significant attention ever since the advent of
computers and software. The objective is to comprehend the cognitive abilities of the human brain,
including its capacity to acquire knowledge through experience, adjust to unfamiliar surroundings,
comprehend abstract ideas, and interact with the external environment. Currently, Al has garnered
significant interest not just in scientific study but also in our everyday life, as we observe its
incorporation into social networks, smart devices, autonomous vehicles, and conversational Al software
[1].

Al, specifically deep learning, has demonstrated significant promise in cancer research, particularly
in the detection of breast and lung tumors, within the realm of medical science. The integration of
medical imaging, tumor identification, cancer staging, and grading has greatly enhanced the diagnosis
of various cancers, thanks to the expanded capabilities of Al. Deep Learning (DL), a branch of Al has
undergone thorough research due to its potential uses in cancer diagnosis, prognosis, and outcome
prediction.

The purpose of this review is to offer a thorough examination of the present advancements in research
within this field. The presentation will begin by presenting the fundamental principles of Al, with a
particular emphasis on Machine Learning (ML) and Deep Learning (DL), in a way that is easy to
understand. Following that, the study will examine the extensive array of artificial intelligence
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applications in the identification of cancer. Lastly, it will explore the potential of Al in detecting cancer
and the obstacles that must be overcome to enable its extensive use and enhance cancer treatment.

This study offers a thorough and objective perspective on the application of deep learning in the field
of cancer diagnosis and therapy, achieved through an extensive analysis of relevant literature and
research findings. An examination and evaluation of various research methodologies, datasets,
evaluation criteria, and so on, expose the strengths and weaknesses of diverse approaches in the domain
of breast and lung cancer detection. The importance of gene expression profiling in the present domain
of cancer diagnosis and associated research is examined. This paper presents a summary of potential
future research topics and foci in the subject of cancer recognition using deep learning. The aim is to
provide high-level guidance and insights that can help advance the application of deep learning in this
area.

2. Theory and Methods of Deep Learning

Deep learning is a technique in machine learning that seeks to replicate the functionality of neural
networks in the human brain. The process entails building complex neural networks with multiple layers,
commonly referred to as deep neural networks, in order to acquire and extract sophisticated
characteristics from data. Deep learning is based on the core ideas of utilizing several layers of non-
linear transformations to enable autonomous feature learning.

Neural network models have been extensively used in medical imaging and have yielded substantial
research results. Optimizing the selection of a suitable model according to the unique tasks and data
characteristics can significantly improve the precision and effectiveness of medical image analysis.
Presented below are several frequently employed models.

First, Convolutional Neural Networks (CNN) is one of the most commonly used models in deep
learning, particularly suitable for processing two-dimensional image data. It utilizes convolutional layers
and pooling layers to automatically extract features from images and performs classification or
regression through fully connected layers. In medical imaging, CNNs are widely used for tasks such as
image classification, object detection, and segmentation.

Second, U-Net is a neural network model specifically designed for image segmentation. It adopts an
encoder-decoder structure with skip connections in between, which helps preserve fine details and
contextual information in the image. U-Net is commonly employed in medical imaging for tasks such
as organ segmentation, lesion detection, and assisted diagnosis.

Third, 3D CNN is an expansion of the conventional 2D CNN that is specifically designed to process
three-dimensional medical image data, including CT scans, MRI scans, and other similar types of data.
This method incorporates extra convolutional layers in either the temporal or spatial dimension to
effectively capture spatiotemporal interactions. 3D CNNs are extensively utilized in the field of medical
imaging for tasks such as disease diagnosis, brain analysis, tumor identification, and other related
applications.

Fourth, Attention mechanism networks are a class of models with adaptive weight allocation
capability. In medical imaging, attention mechanism networks can selectively weight the regions of
interest to better focus on important image features. This model has great potential in tasks such as lesion
localization, image segmentation, and anomaly detection.

Fifth, Pretrained models, such as ResNet, VGG, Inception, etc., are deep learning models pretrained
on large-scale image datasets. These models can be used for transfer learning, where the pretrained
model's feature extraction capabilities are leveraged in medical imaging tasks, accelerating model
training and improving performance.

3. Deep Learning in Cancer Recognition
3.1. Basic process and current status of cancer diagnosis

Al-assisted cancer diagnosis refers to the utilization of advanced technology, like deep learning, to aid
doctors in making precise assessments and choices during the cancer diagnostic process. This is
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achieved by analyzing medical imaging and clinical data. The advancement of this technology presents
novel opportunities for early cancer detection and tailored therapy.

Data gathering and pre-processing are the initial stages of the fundamental process. A substantial
volume of medical imaging data and clinical data is gathered, encompassing various medical pictures
such as X-rays, CT scans, MRIs, ultrasounds, etc., together with clinical data such as patients' medical
records and pathology reports. The data must undergo pre-processing, which includes tasks such as noise
removal, normalization, and alignment. This is done to ease further analysis and processing.

Subsequently, the pivotal stage involves the extraction of features. Artificial intelligence models
must acquire the ability to discern and extract significant characteristics from unprocessed data in order
to differentiate between healthy and malignant tissues. Although older approaches frequently rely on
hand-designed feature extraction algorithms, modern deep learning models have the capability to
automatically learn and extract intricate characteristics.

This is followed by model training and validation. In this phase, labeled datasets are used to train the
Al model so that it can accurately identify and classify cancers. Once the training is complete, an
independent validation dataset needs to be used to evaluate the performance and accuracy of the model.

Finally, the trained model is applied to actual cancer diagnosis. Doctors can input the patient's
medical images and clinical data into the Al system, which automatically analyzes and identifies
potential cancer lesions and gives appropriate diagnostic recommendations. Doctors still play a decision-
making role, but the Al system can provide assistance and support to help doctors make more accurate
diagnostic and treatment decisions.

3.2. Classification of lung cancer based on CT and MRI

CT and MRI-based techniques are employed to examine and interpret lung pictures for the purpose of
identifying the specific tumor type, stage, and degree of malignancy in cases of lung cancer. These
techniques exploit several aspects, including morphology, density, texture, and edges, in lung pictures.
They apply advanced methodologies such as deep learning models and image texture analysis.

A prevalent method involves categorizing lung cancer by examining diverse characteristics in lung
pictures, such as tumor dimensions, morphology, boundary indistinctness, internal uniformity, and
texture. These characteristics can distinguish between cancerous and non-cancerous tumors and aid in
determining the extent of tumor growth. The DCV taxonomy is introduced to categorize the relevant
data that can be utilized as input for the classifier, the deep learning-based classifier employed, and the
manner in which the outcomes can be presented to the end user [2].

Another method is employing region-growing algorithms, which autonomously partition lung tumor
regions by analyzing individual pixels and computing morphological and statistical characteristics. The
first categorization of images is conducted utilizing the AdaBoost algorithm, while the used CV
algorithm for image segmentation exhibits encouraging prospects in the diagnosis of spinal bone
metastases caused by lung cancer [3]. These characteristics can aid in identifying the specific type of
tumor, determining its stage, and evaluating its degree of malignancy.

In recent years, neural networks and deep learning have become important tools for lung cancer
classification. Convolutional neural networks (CNNs), such as Inception v3, are used for image
recognition and provide improved accuracy for ImageNet data [4]. These models can automatically
extract features from lung CT and MRI images, enabling end-to-end training, classification, and tumor
staging. Trained on large-scale datasets, these models have achieved impressive performance in lung
cancer classification tasks.

3.3. Breast Cancer Recognition Method Based on Digital Pathology Images

Deep learning methods exploit various features present in digital pathology images, encompassing
morphological characteristics, cellular nucleus morphology, tissue structure, and texture properties.
Among these, the analysis of cellular nucleus features, such as shape, size, and mitotic activity, is
frequently employed to identify breast cancer cells. Consequently, digital pathology images have played
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a pivotal role in the automated detection and classification of malignant breast tumors using deep
learning techniques.

Convolutional neural networks (CNNs), a widely adopted deep learning model, have exhibited
remarkable success in breast cancer recognition. By leveraging multiple layers of convolution and
pooling operations, CNNs can autonomously extract features from digital pathology images. The fusion
3D-CNN model has notably surpassed the fusion 2D-CNN and 1D-CNN models in terms of
performance, addressing incorrect classification and time-complexity concerns [5]. Training these
models on extensive datasets enables accurate classification and identification of breast cancer.

Region-based techniques, such as the region-based convolutional neural network (R-CNN), are
employed to identify possible cancerous areas in breast pathology pictures, enabling accurate detection
and identification of breast cancer lesions. The sandwich stacked method, based on pre-trained VGG16
and VGG19 models, is employed to extract bottleneck features. These features are then used for
classification with the hybrid RNN-CNN classifier suggested in the study [6]. This technique allows the
system to categorize data into several categories based on gene expression data, giving doctors vital
knowledge about cancer subtypes, prognostic risk, and therapy response.

Moreover, generative adversarial networks (GANs) exhibit potential in the field of breast cancer
detection. In order to mitigate the security risks associated with adversarial attacks on deep learning
systems, attempts have been made to bolster the system's security and dependability by diminishing the
rate at which such assaults are successful [7]. GANs have the ability to produce artificial images that
accurately depict breast pathology characteristics, hence enhancing the training dataset and enhancing
the accuracy of breast cancer detection models.

3.4. Design and Implementation of a Deep Learning-based Cancer Assisted Diagnosis System
Medical research is presently concentrated on developing and applying cancer-assisted diagnosis
systems that utilize deep learning algorithms. The primary objective of these systems is to improve the
precision of early cancer identification and diagnosis, while simultaneously offering doctors more
dependable assistance in making decisions.

An important field of research focuses on the integration and simultaneous analysis of multimodal
data, such as medical imaging and gene expression data. Deep learning models, such as multimodal
fusion networks (MMFN) and attention mechanism models, are used to efficiently combine and merge
data from different modalities. This integration allows for the extraction of thorough and accurate
characteristics, leading to a more comprehensive evaluation of cancer and individualized suggestions
for therapy.

In order to enhance the efficiency and ability to apply deep learning models to new situations,
typically used methods include data augmentation and transfer learning. Data augmentation approaches
encompass the application of several modifications, including rotation, flipping, and scaling, to medical
pictures, thereby enlarging the training dataset. This augmentation improves the model's resilience and
capacity to extrapolate to unfamiliar data. Transfer learning utilizes pre-trained deep learning models to
expedite convergence and improve performance in cancer-assisted diagnosis systems. These pre-trained
models can be refined or utilized for extracting features, hence enhancing the effectiveness and precision
of the system.

4. Discussion

Deep learning offers numerous benefits and encounters challenges in the field of cancer recognition.
Firstly, deep learning models excel in cancer recognition by leveraging extensive datasets of cancer
images to achieve high accuracy. These models autonomously learn and extract intricate features from
images, supporting doctors in making precise cancer diagnoses. Secondly, the automation capabilities
of deep learning models alleviate the workload of medical professionals. Automating cancer recognition
enhances efficiency and expedites the diagnostic process for patients. Moreover, deep learning models
can integrate diverse medical imaging modalities like CT scans, MRI, and mammograms, providing
comprehensive and accurate cancer diagnoses. By combining information from multiple modalities,
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these models generate more comprehensive feature representations, facilitating accurate identification
of cancer type and progression.

Nevertheless, the application of deep learning in cancer identification is not without its hurdles.
Firstly, there is a lack of available data and challenges in the process of data annotation. Deep learning
models commonly necessitate vast, meticulously annotated datasets for training. However, obtaining
such extensive and correctly labeled datasets for cancer in the medical imaging field is arduous.
Moreover, given the intricate nature of many cancer kinds, the process of data annotation can be both
time-consuming and subjective for medical professionals. The second obstacle pertains to the
comprehensibility of the subject matter. The opacity of deep learning models sometimes hinders the
ability to describe their decision-making process, making it a difficult and laborious task. Within the
field of medical imaging, both doctors and patients have a preference for understanding the process by
which a model reaches a diagnosis. This understanding helps to cultivate faith in the accuracy of the
results. The ultimate challenge concerns the process of generalization. Deep learning algorithms may
encounter difficulties in extrapolating their acquired knowledge to novel instances in cancer detection.
The variability and unpredictability of medical imaging data can result in reduced effectiveness when
faced with unfamiliar situations. Therefore, improving the capacity to make accurate predictions across
different scenarios continues to be a difficult task for deep learning in the field of cancer detection.

Addressing these challenges necessitates further research and endeavors, such as amassing more
high-quality annotated data, developing interpretable models, and enhancing model generalization. By
surmounting these challenges, deep learning holds the potential to play a pivotal role in cancer
recognition, furnishing medical professionals with more accurate and efficient diagnostic tools.

5. Conclusion

Substantial advancements have been achieved in the domain of artificial intelligence-supported cancer
detection. Multiple studies have shown that Al models may achieve, and in certain instances even exceed,
the accuracy of human experts in identifying particular forms of cancer. Deep learning models have
demonstrated remarkable sensitivity and specificity in the early identification of breast cancer. Moreover,
Al systems can assist in customizing cancer treatment by examining vast databases to detect early risk
factors and predictors of cancer.

Nevertheless, there are still obstacles in the field of Al-supported cancer diagnosis. An example of a
problem is the matter of data privacy and security, specifically when using substantial amounts of patient
data for training objectives. Preserving patient confidentiality is of utmost importance in this particular
situation. Furthermore, the significance of model interpretability cannot be overstated. In order to
establish trust and acceptance of diagnostic conclusions, it is imperative for doctors and patients to
comprehend the decision-making process and underlying reasoning of AI models.

Notwithstanding these difficulties, Al-supported cancer diagnosis has achieved significant
advancements. For instance, during the initial evaluation of lung cancer, Al models have exhibited
diagnostic precision that is similar to that of skilled physicians. Through the analysis of several CT scan
pictures, Al models efficiently and precisely identify and pinpoint probable tumor sites, thus enabling
prompt diagnosis and therapy actions.

Moreover, Al has made significant advancements in diagnosing various types of cancer, including
breast cancer, colorectal cancer, skin cancer, and brain tumors. Deep learning models, for instance, have
exhibited high accuracy in pathologic grading and prognostic assessment of breast cancer. In the case
of colorectal cancer, Al models can identify and pinpoint abnormal structures and tumor foci by
analyzing colonoscopy images. For skin cancer diagnosis, Al models analyze images of skin lesions to
assist doctors in determining their malignancy. Al has also made breakthroughs in the interpretation of
medical images for brain tumor detection and localization.

Overall, the outlook for Al-assisted cancer diagnosis seems encouraging. The progress of technology
and the accumulation of data will lead to enhanced precision and comprehensibility of Al models. Al-
assisted diagnosis is on the verge of becoming an essential instrument in cancer diagnosis, enhancing
precision, facilitating early detection, tailoring treatments, and enhancing patient prognosis.
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Nevertheless, it is crucial to combine Al technology with physicians' clinical judgment in order to
achieve the best possible medical results and provide optimal care for patients.
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