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    In the ever-evolving landscape of healthcare, the fusion of advanced machine learning and medical data analysis stands as a beacon of innovation and promise. As we navigate the complexities of a data-rich era, the book you hold in your hands, "Advanced Machine Learning for Complex Medical Data Analysis," emerges as a timely and indispensable guide to the forefront of this transformative intersection.


    As our understanding of medical science deepens, so does our ability to harness the potential of machine learning algorithms. This edited volume, curated by Mihir Narayan Mohanty, Rashmita Khilar, and Saumendra Kumar Mohapatra and a cadre of esteemed contributors, brings together a tapestry of insights, methodologies, and breakthroughs that collectively define the state of the art in medical data analysis.


    The chapters contained within these pages span the spectrum of applications, from predictive modelling that foretells patient outcomes to the nuanced intricacies of personalized medicine. The authors, each an expert in their field, share not only their successes but also the challenges and ethical considerations that accompany the integration of advanced machine learning into the fabric of healthcare.


    What makes this volume truly exceptional is its ability to balance the theoretical underpinnings of machine learning with the practical implications for medical practitioners, researchers, and technologists. As we embark on a journey through these chapters, we are guided not only by the intricacies of algorithms but also by a commitment to improving patient outcomes, streamlining healthcare workflows, and enhancing the overall efficacy of medical decision-making.


    To the readers, I encourage you to approach this book with a sense of curiosity and anticipation. The insights contained herein have the potential to shape the future of healthcare delivery, making it more precise, personalized, and responsive to the needs of individual patients and populations at large.


    I extend my heartfelt congratulations to the editors and the contributors for their dedication to advancing the field. May this volume serve as a catalyst for continued exploration, collaboration, and innovation at the nexus of machine learning and medical data analysis.


    
      Gopinath Palai

      Faculty of Engineering and Technology

      Sri Sri University, Cuttack, Odisha
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    Welcome to "Advanced Machine Learning for Complex Medical Data Analysis." In this edited volume, we bring together a diverse collection of experts and practitioners at the intersection of machine learning and medical research to explore the cutting edge of data-driven solutions in the field of healthcare.


    The landscape of medical data analysis is rapidly evolving, and the integration of advanced machine-learning techniques is revolutionizing the way we approach complex medical challenges. As the editors of this compilation, our goal has been to assemble a comprehensive array of contributions that showcase the latest methodologies, innovations, and applications in the realm of medical data analysis.


    This volume is organized into thematic sections, each dedicated to a specific aspect of advanced machine learning in the context of medical data. From predictive modeling and diagnostic tools to personalized medicine and data security, our contributors delve into the intricacies of applying machine learning algorithms to solve real-world problems in healthcare.


    We would like to express our gratitude to the esteemed authors who have contributed their expertise to this volume. Their insights and dedication have been instrumental in creating a resource that bridges the gap between theoretical advancements in machine learning and the practical demands of medical data analysis.


    This book is designed for researchers, practitioners, and students who are passionate about leveraging the power of machine learning to address the complexities of medical data. Whether you are a seasoned expert or a newcomer to the field, we believe that the diverse perspectives presented here will inspire and inform your work.


    We hope you find "Advanced Machine Learning for Complex Medical Data Analysis" to be a valuable resource and a source of inspiration for your explorations into the fascinating intersection of machine learning and healthcare.


    
      Saumendra Kumar Mohapatra

      Faculty of Engineering and Technology

      Sri Sri University, Cuttack, India

      

      Mihir Narayan Mohanty

      Department of ECE, ITER, Siksha 'O' Anusandhan

      (Deemed to be University), Bhubaneswar, India

      

      &

      

      Rashmita Khilar

      Saveetha School of Engineering

      Saveetha Institute of Medical and Technical Sciences

      Chennai, India
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      Abstract


      Predictive modeling in clinical datasets presupposes the expansion of the computational system with the capability to analyze a massive amount of medical data to predict the outcome of every patient. Computational intelligence-based expert systems are acceptable for the analysis of complex data to process it fast and accurately as compared to conventional statistical methods. So the motivation to work with clinical datasets, characteristics like complexity, uncertainty, and imprecision, an advanced predictive model should be developed. This chapter provides a rigorous literature review of recent work on computational intelligence approaches applied to the clinical dataset using predictive modeling. Precisely this chapter’s objective is concentrated only on those predictive computational intelligence approaches suitable for handling various characteristics and challenges in a clinical dataset like ever-changing data, fragmented data, interdependency among data, poor quality data, colossal volume and heterogeneity, and inaccessible data. Here exploration is done based on the prediction accuracy of a few computational intelligence approaches like Artificial Neural Networks, Deep Learning, Decision Trees, Support Vector Machines, Fuzzy based methods, as well as Bayesian approaches over many clinical datasets, especially breast cancer and its nature and suitability to work with clinical datasets are pointed out.
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      INTRODUCTION


      In today's digital world, data is all around but then also information lags and knowledge drops; so to do magic with this colossal data, there are various techniques and tools; among these is predictive modeling which is a ground-breaking way to leverage the hidden information to take an appropriate decision from a large number of data set. The colossal collections of electronic healthcare repositories are increasing the chances of developing an expert clinical decision support system that medical experts can use to enhance the patient's health care. The salient challenges for medical experts are diagnosing diseases, assessing risk, and evolving appropriate methods for prediction and final results. The goal of predictive modeling in health care necessitates advancing computational models with the strong capability of predicting future healthcare outcomes [1]. Statistical methods and computational intelligence can improve a new clinical decision support system using a new paradigm. The approaches of computational intelligence amalgamate metaheuristic optimization algorithms, such as Genetic algorithms and fuzzy logic, with machine learning algorithms, such as Artificial Neural Networks, Bayesian Models, and Deep Learning. Predictive modeling has a prime role in machine learning algorithms in which a model is built using existing datasets to make decisions on new patient data, such as a predictive model can be constructed to predict breast cancer using sets of input datasets with clinical results. Once the model is trained using the learning process and tested on standard datasets, the model is ready to receive new cases and predict clinical outcomes.


      Computational intelligence approaches can tackle the potential to handle imprecision and uncertainty, which is entirely possible in the clinical dataset [2]. These approaches also work perfectly with a large and complex clinical dataset. Computational intelligence algorithms have been proposed to build predictive models, for example, prostate cancer [1], cardiovascular disease [3-5], lung cancer [6], diabetes [7, 8], and Alzheimer's disease [9].


      This survey chapter discusses recent research on various clinical datasets like heart disease, chronic kidney disease, prostate cancer, lung cancer, and diabetes but rigorously reviewed papers on breast cancer predictive modeling using computational intelligence approaches. Breast cancer increases at an unpredictable rate, making it the most common and scary cancer in women [10, 11].

    


    
      SIGNIFICANCE OF PREDICTIVE MODELING IN THE CLINICAL CARE INTELLIGENCE


      Predictive modeling is the primary area of interest to all research communities and organizations. The massive availability of lots of new computational techniques and tools for predictive modeling assists researchers and practitioners in selecting the most appropriate strategy. Predictive analysis has become a noteworthy spectrum for researchers and practitioners in the clinical world. The following describes the significance of healthcare predictive analytics for healthcare providers, as shown in Fig. (1).


      [image: ]
Fig. (1))

      Benefits of predictive modeling in clinical care.

      Improved Diagnostics


      The predictive modeling system is beneficial in clinical decision-making. Few diseases have prototypical symptoms that can be easily identified and cured by qualified doctors according to the predefined treatment plan. But in some cases, patients have unconventional signs that point to a particular disease, making diagnostics more intricate. So, predictive modeling aims to derive new models for complex problems that can use lab testing details and diagnostic procedures to predict the outcome of interest. Thus, predictive analytics acquire a magnificent place in the treatment and diagnosis process.


      Sky-High Price Effectiveness


      Healthcare organizations implement a predictive model so that it can reduce costs significantly. Detailed information on cost management and patient risks can be generated, including a significant amount of accessible statistics on patients, employees, types of equipment, and planning.


      Intense Operational Efficiency


      When encumbered, hospitals have a medical staff paucity which affects the quality of the safe-keeping of patients. By developing expert models, the hospital can optimally allocate administrative assets and report to higher authorities about staffing provocation in advance. A software specialist can build a model by analyzing predictors in such cases.


      Decreased Readmission Rates


      The readmission rate indicates the standard services provided at a particular hospital. A hospital rewards fine to patients for patient readmissions in case of disease relapse in many countries according to the applicable regulations. Predictive models play a magnificent role in the organization while decreasing readmission rates by calculating the probability of readmission based on historical healthcare data.


      Customized Clinical Care


      The opportunities of precision medicine increase its efficiency in healthcare institutions. Based on personal health records, predictive modeling improves patient-centered care and contributes to creating the most effective nursing plans designed for every patient. Predictive prototypes are exceptionally efficient for inpatient and extremity treatment when there is a need for fast decisions.


      
        Clinical Data Challenges


        
          	Ever-changing Data- Clinical datasets are constantly updating, requiring methods to update the changes incrementally.


          	Fragmented Data- As data are from various sources such as structured data, paper, digital, pictures, videos, and multimedia, extraction and integration of different data formats is a real challenge in the medical care sector.


          	Interdependency among the Data- Correlation among different symptoms of clinical data exists highly [12].


          	Faulty Data- Inaccurate data is most harmful to data analytics as mistaken input; the output is always untrustworthy. The leading cause of inaccurate is noise and missing data [13].


          	Huge Volume and Heterogeneity in Clinical Data - In today's data-driven and big data era, the medical sector is overwhelmed with various data [14].


          	Inaccessible Data- Granting access privileges for retrieving information in the medical data analytics field is quite challenging due to privacy and security reasons. Researchers work with only standard and open-source datasets available.

        

      


      
        Predictive Modeling and Evaluation of Clinical Dataset


        The most common and vital applications in data mining involve predictive modeling, in which classification is an essential method for prediction. Classification is the operation through which a model is competent in discriminating data records into different groups known as classes. Before raising a model, the dataset must be drawn up using standard procedures like data normalization, feature extraction, and feature selection [15]. Building a classification model comprises two main phases, as shown in Fig. (2).


        [image: ]
Fig. (2))

        Process of creating a predictive model.

        
          	Training Phase: The execution of the mining algorithm is called the training phase. This part analyses data using a data mining technique from which a model is built. Fig. (2) reveals the procedure for fabricating a model for predicting the class labels.


          	Testing Phase: After the training period, the trained model classifies new unknown datasets to evaluate the accuracy of the in-built classifier.

        


        The overall performance of the automated model depends on the specific datasets on which its performance is compared, as shown in the literature survey [16]. Build models are most commonly assessed using several evaluation measures and cross-validation methods.


        
          Evaluation & Validation Phase of Models


          The acquired result of novel proposed models using any datasets are evaluated using the fundamental approach known as Receiver Operating Characteristics (ROC) curve analysis for measuring its performance. The following evaluation ways are Sensitivity (True Positive Rate) and Specificity (False Positive Rate), and lastly, cross-validation for assessing the performance of a model on an independent dataset [17]. In the k-fold cross-validation process, a dataset is divided into k non-overlapping subsets. Then the single independent subset is tested on the proposed model, and the remaining independent subparts are used for training the model. This process is repeated k times to avoid overfitting the model on the trained dataset [18]. Therefore, the most prominent cross-validation techniques should be applied to evaluate computational intelligence models to ensure efficient and accurate performance results.

        

      

    


    
      COMPUTATIONAL INTELLIGENCE APPROACHES FOR PREDICTIVE MODELING IN THE CLINICAL DATASET


      The term Computational Intelligence (CI) refers to the potential of an automated system to understand a specific work from datasets. CI is a bundle of computational methodologies and approaches to deal with complex real-world issues like processes that might be too complex, uncertain, or stochastic for which the traditional modeling can be abortive [19]. CI applies a combination of popular complementary techniques to build an expert system to provide practical solutions to such challenges.


      
        	Fuzzy logic permits the model to understand human-understandable language.


        	Probabilistic methods which help to deal with uncertainty imprecision.


        	Neural networks process the model to learn from experimental data.

      


      Computational Intelligence plays a magnificent role in dealing with and solving decision-making and reasoning problems. In contrast, conventional statistical models often fail to handle complex data like uncertainty, noisy, vague, and ever-changing data. The following sections describe the literature review on CI approaches for predictive modeling applied in clinical datasets, especially breast cancer datasets.


      
        Artificial Neural Network


        Artificial Neural Networks (ANN) are supervised algorithms motivated by the brain's nervous system, which consists of interconnected neurons for exchanging messages, as shown in Fig. (3). Also, weights can be tuned based on neural networks' experience, making neural networks capable of adapting according to inputs and learning [20]. First, it must be trained for a more extended period to solve problems using neural networks for classification or prediction. Secondly, it is strenuous for humans to understand the qualitative reasoning behind the decision that makes ANN a black box, and also, it is more prone to overfitting. The most significant advantage of the ANN is that it often performs accurately in classifying data unseen by the model earlier.


        [image: ]
Fig. (3))

        Artificial neural network.
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