
  
  
 
 

DOI: 10.5281/zenodo.10559810 

775 | V 1 9 . I 0 1  

SHAPING THE FUTURE: A LITERATURE REVIEW ON MACHINE 

LEARNING APPLICATIONS FOR PREDICTING CANCER 

RECURRENCE 

 

SENTHILKUMAR. S 

Department of Computer Science and Engineering, University College of Engineering BIT Campus, 

Tiruchirappalli. Email: senthilucepkt@gmail.com 

SATHEESH KUMAR. N 

Department of Information Technology, University College of Engineering Villupuram.  

Email: nsathish8984@gmail.com 

 
Abstract 

A thorough summary of the possibilities for improving cancer recurrence prediction with machine learning (ML) 

is given in this current review of the research. Numerous research analyzed demonstrate the effectiveness of 

various machine learning algorithms and methodologies in precisely detecting patterns and forecasting the 

likelihood of a cancer recurrence. Even with these developments, this field still has opportunities for research and 

development. Future studies should focus on utilizing deep learning models and ensemble techniques—two recent 

developments in machine learning—to increase the prediction capacity and generalizability of these methods. 

Furthermore, the construction of complete predictive models requires the integration of increasingly varied 

information and the evaluation of other clinical aspects. The revolutionary effect of machine learning (ML) in 

predicting cancer recurrence is highlighted in this cutting-edge literature review. Even though a number of 

algorithms show promise for bettering patient outcomes in cancer, further research and development—especially 

in the areas of deep learning and ensemble methods—is necessary. Predictive models must use a variety of datasets 

and clinical parameters in order to achieve complete accuracy. The advantages that might result from continued 

research are numerous and include improved survival rates and tailored treatment regimens. This study acts as a 

beacon, emphasizing the necessity of continued research endeavors, clinical trial validation, and ML development 

in order to fully achieve the technology's potential to transform cancer care. 

Keywords: Machine Learning, Cancer, Recurrence prediction, Support Vector Machine, Deep Learning, CNN, 

ANN. 

 

1. INTRODUCTION 

Cancer is a complicated and deadly illness that still presents many difficulties for researchers 

studying medicine. Cancer recurrence continues to be a serious worry for patients and 

healthcare providers despite advancements in treatment choices. To create customized 

treatment programs and enhance patient outcomes, it's critical to identify individuals who are 

at a high risk of experiencing a cancer recurrence [1, 2, 3]. Machine learning techniques have 

emerged as very effective tools in a number of industries, including healthcare, in recent years. 

Through the analysis of enormous data sets and the identification of patterns that standard 

statistical approaches could overlook, these techniques have demonstrated promise in the 

prediction of cancer recurrence. The goal of this extensive evaluation of the literature is to 

ascertain the present level of knowledge regarding machine learning methods for cancer 
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recurrence prediction [4, 5]. Large volumes of data, including genetic information, imaging 

data, clinical factors, and even text-based reports, may be processed using machine learning 

algorithms. These algorithms can identify trends and forecast future results by being trained on 

patient data from the past with known outcomes. Machine learning algorithms are able to 

produce precise predictions based on the unique characteristics of each patient when 

forecasting the recurrence of cancer by concurrently analyzing several factors [6, 2, 7]. This 

review of the literature looks at many devices that are used to forecast the recurrence of 

malignancies, including ovarian, colon, breast, lung, and prostate cancers. We give a summary 

of the many kinds of machine learning algorithms that are applied in this domain, together with 

an analysis of their benefits and drawbacks [8, 6].  Furthermore, this research looks at the 

salient characteristics or factors that have shown to be most effective in predicting cancer 

recurrence using machine learning models. These variables can be any combination of 

radiological data taken from medical pictures (tumor shape or texture), biomarkers (gene 

expression profiles), clinical information (tumor stage, histological grade), and demographic 

characteristics (age, gender) [9, 2]. This study also covers performance criteria, such as 

concordance index (C-index), area under the curve (AUC), specificity, and sensitivity, which 

are used to assess the prediction accuracy of various machine learning models. These 

measurements' advantages and disadvantages in assessing the potency of various machine 

learning techniques are emphasized [10, 11]. Through a careful analysis of the available 

research, this review seeks to provide light on the state of machine learning methods for 

predicting cancer recurrence.  

To further increase the precision and therapeutic application of these models, research gaps and 

obstacles are noted [11]. This thorough literature analysis will demonstrate how machine 

learning techniques may be used to predict the recurrence of cancer. Researchers can create 

more resilient designs that can enhance clinical decision-making, enhance patient outcomes, 

and finally pave a new path in cancer research by comprehending the advantages and 

disadvantages of various methodologies [11]. Millions of individuals worldwide are impacted 

by the complicated disease known as cancer. In clinical practice, cancer recurrence continues 

to be a severe concern despite great advancements in therapy. The capacity to precisely 

anticipate the return of cancer has the potential to greatly influence patient outcomes by 

facilitating customized treatment regimens and prompt interventions. Recent research has 

shown that machine learning algorithms are effective in predicting the return of cancer and 

have shown encouraging findings [12, 13, and 14].  

Recurrence of cancer after initial diagnosis and therapy is referred to as cancer recurrence. 

Numerous biochemical, genetic, and environmental variables all play a role in this 

multifactorial process. Clinical characteristics such tumor size, stage, and histological 

characteristics are the foundation of conventional techniques for forecasting cancer recurrence. 

Nevertheless, these methods frequently lack accuracy and fail to adequately convey the 

disease's complexity [15, 16].  An alternate method is offered by machine learning techniques, 

which employ computational algorithms to evaluate vast volumes of data and spot patterns that 

are invisible to the human eye. With the integration of many data sources, including genetic 

profiles, imaging data, clinical records, and patient data, these approaches have demonstrated 
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tremendous potential in the prediction of cancer recurrence [17, 18]. Supervised learning is a 

popular machine learning method for forecasting cancer recurrence. Using this method, he 

trains models on labeled data where each sample's outcome—a cancer recurrence—is known. 

The model discovers patterns and correlations between input properties (such gene expression 

levels) and output variables (iterations) by examining this labeled dataset. 

The feature values of the trained model may be used to forecast the likelihood of a new sample 

reoccurring [19, 20, 21, 17]. Unsupervised learning is another popular method. It seeks to 

identify clusters and hidden patterns in unlabeled datasets. Large genomic or proteomic 

datasets may be processed using unsupervised learning techniques, which do not require 

previous knowledge of particular genes or proteins linked to recurrence risk. These algorithms 

may uncover novel biomarkers or risk factors for cancer recurrence by grouping individuals 

with comparable molecular profiles or clinical traits [22, 18]. In addition, the ability of deep 

learning approaches to automatically extract characteristics from high-dimensional data has 

drawn interest in recent years. These algorithms can predict cancer recurrence based on minor 

patterns that may not be identified using conventional methods when applied to medical 

imaging data or clinical text reports [22, 23, and 15]. By providing more precise and 

individualized risk assessment, machine learning approaches for cancer recurrence prediction 

have the potential to completely transform clinical practice. Through the integration of many 

data sources and the utilization of computer algorithms, these techniques offer fresh insights 

into the intricate process of cancer recurrence. Large-scale clinical studies will be necessary to 

evaluate and improve these machine learning models as this field of study develops, in order 

to guarantee their dependability and practicality in real-world clinical settings [14, 17, and 21]. 

 

2. LITERATURE REVIEW 

Cancer is a complex and life-threatening illness that impacts millions of individuals globally. 

Recurrence of cancer is still a serious concern in oncology despite tremendous progress in 

medicine. A recurrence of cancer occurs when the disease returns following a time of remission 

or after effective therapy. Because it significantly affects treatment plans, patient survival, and 

general quality of life, this is a crucial problem [24, 25, 26]. Clinical characteristics including 

tumor size, stage, histological grade, and lymph node metastases have historically been used 

to predict the likelihood of cancer recurrence. However, the accuracy and individual prediction 

of these conventional approaches are limited. As a result, 4,444 researchers looked at different 

strategies for applying machine learning techniques to predict the recurrence of cancer [27, 28, 

29]. 

In order to create algorithms that can learn from data without explicit programming, computer 

science and statistics are combined in the multidisciplinary topic of machine learning. It 

exhibits tremendous promise in a number of areas, such as cancer and healthcare. Machine 

learning algorithms analyze 4,444 massive datasets of clinical factors, genetic information, 

imaging results, and other pertinent data to find trends and create prediction models for cancer 

recurrence [30, 31, 32]. With early discovery and individualized treatment plans, there is 

potential to enhance patient outcomes, which is why machine learning approaches to predict 
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cancer recurrence are important. In order to treat recurring cancer, early identification is crucial 

since it enables prompt management before the illness worsens. Physicians can successfully 

prevent or manage relapse by using more proactive monitoring measures and individualized 

treatment regimens by properly identifying patients at high risk of relapse through the use of 

machine learning models [33, 27, 34]. Furthermore, machine learning approaches may 

incorporate several data sources that older methods sometimes do not fully take into account. 

For instance, genetic information offers important information on tumor features that may 

affect risk and prognosis. 

But grasping it with only standard methods is difficult. Researchers can create more precise 

models to predict cancer recurrence by combining genetic data with clinical characteristics 

using machine learning methods like random forests and artificial neural networks [35, 36].  

Creating customized treatment plans based on anticipated recurrence risk is another way to 

improve patient care. Physicians can identify patients who might benefit from immunotherapy, 

targeted treatment, or adjuvant therapy with the use of machine learning algorithms. Treatment 

strategies can be customized to each patient's risk profile in order to minimize adverse effects 

and healthcare costs, optimize treatment efficacy, and eliminate needless treatments [37, 26, 

30]. 

 In oncology, using machine learning methods to forecast cancer recurrence has a lot of promise 

to enhance patient outcomes. Through the utilization of data analysis and pattern recognition 

algorithms, machine learning models are capable of producing precise predictions grounded on 

extensive clinical and genetic data. These predictions may be used to develop tailored treatment 

regimens and early diagnosis, which can significantly improve cancer patients' quality of life, 

optimize treatment outcomes, and increase survival rates. [35, 38, 39]. The purpose of the 

ensuing evaluation of the literature is to examine the state of machine learning-based cancer 

recurrence prediction at the moment and pinpoint areas that require more investigation [36]. 

Since cancer recurrence significantly affects patient outcomes and survival rates, it is a crucial 

concern in the treatment of cancer.  Recurrence of cancer may be accurately predicted, which 

can aid in the creation of customized treatment programs and enhance patient outcomes.  

Through examination of diverse clinical and genetic data, advances in technology and machine 

learning algorithms have demonstrated promising results in predicting the recurrence of cancer. 

Through an analysis of his 4,444 relevant publications, this review of the literature seeks to 

determine how machine learning algorithms might be used to predict the recurrence of cancer 

[40, 41]. A popular machine learning approach for classification problems like predicting the 

recurrence of cancer is support vector machines (SVM). It operates by determining the best 

hyperplane to divide several classes according to the input characteristics.  

SVM algorithms have been effectively employed in a number of studies to predict the 

recurrence of cancer by taking into account variables including tumor size, lymph node 

involvement, and gene expression patterns [42, 43]. RF is an ensemble learning technique that 

creates predictions by combining many decision trees. Because of its ability to handle high-

dimensional data and comprehend intricate correlations between factors, it is frequently 

employed to forecast the recurrence of cancer. The RF-based approach has demonstrated 
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encouraging outcomes in identifying critical characteristics linked to cancer recurrence, such 

as: B Protein expression level or genetic variation [44, 45, 46]. Neural networks seen in the 

human brain serve as the inspiration for the ANN computational model. They are made up of 

networked nodes, often known as "neurons," which interpret data and forecast outcomes by 

applying patterns discovered from incoming information. ANNs have been applied to the 

prediction of cancer recurrence using a variety of clinical indicators, histological findings, and 

genetic profile data with impressive effectiveness [47, 46]. Using a series of consecutive 

integrations of many weak predictive models, GBM is an ensemble approach that iteratively 

constructs a strong predictive model. Large datasets may be processed with ease using the 

GBM method, which is also an effective tool for identifying intricate feature interactions that 

are necessary for precise cancer recurrence prediction [48].   

A branch of machine learning called "deep learning" makes use of multilayer artificial neural 

networks. Its capacity to autonomously learn hierarchical representations from raw data has 

garnered significant interest in recent years. Convolutional neural networks (CNNs), one type 

of deep learning model, have demonstrated promise in the analysis of medical pictures and the 

extraction of information pertinent to the prediction of cancer recurrence [49, 48, 47]. 

Traditional statistical approaches may be enhanced by machine learning algorithms, which 

have shown to be useful in the prediction of cancer recurrence. A number of machine learning 

techniques, including deep learning models like support vector machines, random forests, 

artificial neural networks, gradient-boosting machines, and CNNs, have been shown to be 

successful in the reviewed literature. 

These algorithms shed light on the intricate relationships between genetic and clinical variables 

linked to cancer recurrence [48, 41]. To enhance patient care and outcomes, more research is 

necessary to validate and apply these algorithms in clinical settings [48]. In the field of 

oncology, cancer recurrence is a significant problem as it has an immediate impact on patient 

survival and quality of life. The promise of machine learning techniques to predict cancer 

recurrence has drawn interest for years. This review of the literature aims to provide a thorough 

analysis of the current machine learning methods for cancer recurrence prediction, highlighting 

their advantages, disadvantages, and potential applications [50, 51, 52].  With the use of 

electronic databases like IEEE Artificial Intelligence and PubMed, as well as it’s many blends. 

Numerous machine learning methods were found to be employed in the prediction of cancer 

recurrence by this investigation. They include the commonly used artificial neural networks 

(ANNs), deep learning techniques, random forests (RFs), and support vector machines 

(SVMs). SVM performed better than other models because it could handle high-dimensional 

data efficiently. Interpretability was preserved while resilience against noise and outliers was 

offered by RF. Deep learning techniques performed better on big datasets than ANNs, despite 

ANNs demonstrating promising outcomes in capturing complicated correlations in data [50, 

51, 52, 53]. A few research papers have extracted. Numerous aspects were employed. 

These features, which offer useful information about tumor properties, include shape 

descriptors, tissue analysis metrics, or radiomics features [50, 52]. Furthermore, prediction 

accuracy was greatly increased by including clinical data such as age, tumor stage, histological 
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grade, and molecular markers. The most informative features for precise prediction models 

were found using feature selection methods including recursive feature removal and 

evolutionary algorithms [52, 53].   

While machine learning techniques have been remarkably successful in predicting cancer 

recurrence, there are still inherent limits. Robust model development and validation are 

hampered by the absence of big, well-annotated datasets. Furthermore, it is challenging to 

compare the findings of various research because to the lack of uniformity in feature extraction 

methods and model assessment criteria [47, 51].  The development of standardized procedures 

for feature extraction, dataset gathering, and model assessment should be the main goal of 

future approaches to overcome these difficulties. Prediction accuracy may also be increased by 

combining genomic or proteomic data and integrating multimodal data sources [50, 52]. This 

review of the literature offers a thorough examination of the machine learning techniques 

currently in use for cancer recurrence prediction. Despite encouraging outcomes, more 

investigation is required to resolve current issues and create a solid model that can be applied 

in clinical settings. Accurately predicting cancer recurrence has the potential to greatly enhance 

patient outcomes and drive individualized treatment regimens due to the ongoing development 

of machine learning techniques and the growing availability of 4,444 high-quality datasets [51, 

53]. 

 

3. CONCLUSION 

To sum up, this current review of the literature emphasizes how machine learning techniques 

may help in cancer recurrence prediction. The examined papers show how different algorithms 

and methods may effectively discover patterns and provide highly accurate predictions about 

the recurrence of cancer. Still, there's opportunity for research and development in this field. 

To increase the prediction capacity and generalization of these algorithms, his future research 

should concentrate on utilizing cutting-edge developments in machine learning, such as deep 

learning models and ensemble approaches [48, 50, 53].  

In addition, for complete prediction models, efforts should be made to incorporate more varied 

datasets and take additional clinical aspects into account [53]. This cutting-edge overview of 

the literature concentrates on how machine learning is revolutionizing the field of cancer 

recurrence prediction. The efficiency exhibited by several algorithms indicates a hopeful 

avenue for enhancing patient outcomes within the cancer field. While deep learning and 

ensemble approaches have made significant strides, more investigation and improvement are 

required. Predictive models should use a variety of datasets and clinical parameters in order to 

achieve complete accuracy. The advantages might be enormous, ranging from raising survival 

rates to maximizing customized treatment regimens. In order to fully fulfill machine learning's 

promise to change cancer management, further research, clinical trial validation, and 

development are needed, as this review acts as a beacon of light. 
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