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			Preface

			We have seen multiple ways in which AI is touching our lives in a meaningful way. It’s almost like having a superpower that you never knew you needed, but now that you have it, you can see how it is changing our lives for the better. Automation driven by AI is helping organizations achieve levels of operational efficiency they never thought were possible, which in turn is boosting economies. The accessibility of cutting-edge infrastructure and models has improved tremendously with the power of cloud computing, which has democratized AI by putting it in the hands of everyone. It is no wonder that the last decade has seen the use of AI in the healthcare and life sciences industry increase massively. As the industry is undergoing a transformation driven by technology and digitization, it produces large volumes of data in multiple modalities. To utilize the full potential of this data, organizations are applying machine learning to process, analyze, and interpret critical information from these datasets to improve and save the lives of patients. It is helping improve provider efficiencies and improve care quality, and is bringing the costs of drugs and therapies down. 

			This book will help you understand how this is happening. It will introduce you to the different verticals of the healthcare and life sciences industry such as providers, payors, pharmaceuticals, genomics, and medical imaging. It begins by introducing you to the concept of machine learning and then progresses to show how you can apply machine learning to workloads in each of these industry verticals. The book gradually builds your Amazon Web Services (AWS) machine learning knowledge. You will be introduced to low-code AI services from AWS and each chapter progresses to more advanced topics. The exercises at the end of the chapters are designed for you to practice what you learned and apply the learning to an actual problem in the industry vertical. I hope you enjoy this ride and find what you learn from this book valuable for a long time to come.

			Who this book is for

			This book will help you build an understanding of the healthcare and life sciences industry, machine learning and deep learning, and AWS machine learning services. Business and technology decision-makers will see how machine learning is transforming the industry and the role AWS is playing in that. Developers, data scientists, and machine learning engineers will learn about AWS machine learning services and how they can be applied to solve problems in different verticals of the healthcare and life sciences industry. The practical exercises will solidify your knowledge of the concepts learned in each chapter. 

			What this book covers

			Chapter 1, Introducing Machine Learning and the AWS Machine Learning Stack, covers the basic concepts of machine learning and how it differs from a traditional software application. 

			Chapter 2, Exploring Key AWS Machine Learning Services for Healthcare and Life Sciences, dives into some key machine learning services from AWS that are critical for healthcare and life sciences industries. This chapter will give you an introduction to these services, their key APIs, and some usage examples. 

			Chapter 3, Machine Learning for Patient Risk Stratification, explains the concept of risk stratification of patients. It shows how common machine learning algorithms for classification and regression tasks can be applied to identify at-risk patients. 

			Chapter 4, Using Machine Learning to Improve Operational Efficiency for Healthcare Providers, covers operational efficiency in healthcare and why it is important. You will also learn about two common applications of machine learning to improve operational efficiency for healthcare providers. 

			Chapter 5, Implementing Machine Learning for Healthcare Payors, introduces you to the healthcare payor industry. You will get an understanding of how health insurance organizations process claims.

			Chapter 6, Implementing Machine Learning for Medical Devices and Radiology Images, introduces you to the medical device industry. It goes into the details of various regulatory requirements for medical devices to be approved for use based on the type of medical device.

			Chapter 7, Applying Machine Learning to Genomics, explores the world of genomes and the evolution of genomic sequencing. We will see how genomic data interpretation and analysis is changing the world of medicine. 

			Chapter 8, Applying Machine Learning to Molecular Data, introduces molecular data and its interpretation. We will learn about the process of the discovery of new drugs or therapies. 

			Chapter 9, Applying Machine Learning to Clinical Trials and Pharmacovigilance, covers how we ensure the safety and efficacy of new drugs and therapies before they are available for patients. 

			Chapter 10, Utilizing Machine Learning in the Pharmaceutical Supply Chain,  dives into the world of the pharmaceutical supply chain workflow and introduces you to some challenges in getting new drugs and therapies to patients around the world in a timely manner. 

			Chapter 11, Understanding Common Industry Challenges and Solutions, summarizes some key challenges, including the regulatory and technical aspects, that deter organizations from adopting machine learning in healthcare and life sciences applications. 

			Chapter 12, Understanding Current Industry Trends and Future Applications, is all about the future of AI in healthcare and life sciences. We will review some trends in the world of AI/ML and its applications in the healthcare and life sciences industry, understand what’s influencing these trends, and see what may lie in store for us in the future. 

			To get the most out of this book

			The exercises in this book require an AWS account and the necessary steps to configure the AWS Python SDK and the AWS Command Line Interface (CLI). You will run the examples from the AWS CLI or a Jupyter notebook from a Sagemaker notebook instance or the Sagemaker Studio environment.
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			If you are using the digital version of this book, we advise you to type the code yourself or access the code from the book’s GitHub repository (a link is available in the next section). Doing so will help you avoid any potential errors related to the copying and pasting of code.

			Note

			The exercises in this book use publicly available datasets. Before using these services on any other dataset, please review the AWS HIPPA eligibility guidelines for the respective service. You can learn more about AWS HIPPA guidelines at https://aws.amazon.com/compliance/hipaa-compliance/.

			There may be some costs associated with running the example exercises at the end of the chapters. Please follow all best practices around cost optimizations to ensure you are keeping the costs to a minimum. You can learn more about AWS cost optimization at https://aws.amazon.com/architecture/cost-optimization/?cards-all.sort-by=item.additionalFields.sortDate&cards-all.sort-order=desc&awsf.content-type=*all&awsf.methodology=*all.

			Download the example code files

			You can download the example code files for this book from GitHub at https://github.com/PacktPublishing/Applied-Machine-Learning-for-Healthcare-and-Life-Sciences-using-AWS. If there’s an update to the code, it will be updated in the GitHub repository.

			We also have other code bundles from our rich catalog of books and videos available at https://github.com/PacktPublishing/. Check them out!

			Download the color images

			We also provide a PDF file that has color images of the screenshots and diagrams used in this book. You can download it here: https://packt.link/nGhXe.

			Conventions used

			There are a number of text conventions used throughout this book.

			Code in text: Indicates code words in text, database table names, folder names, filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles. Here is an example: “Open the terminal or CLI on your computer and navigate to the directory where you have the transcribe_text.py file.”

			A block of code is set as follows:

			
from sagemaker.workflow.pipeline import Pipeline
pipeline_name = f"mypipeline"

			When we wish to draw your attention to a particular part of a code block, the relevant lines or items are set in bold:

			
from sagemaker.workflow.parameters import (
    ParameterInteger,
    ParameterString,
    ParameterFloat,
    ParameterBoolean
)

			Any command-line input or output is written as follows:

			
$cd SageMaker
$git clone https://github.com/PacktPublishing/Applied-Machine-Learning-for-Healthcare-and-Life-Sciences-using-AWS.git

			Bold: Indicates a new term, an important word, or words that you see onscreen. For instance, words in menus or dialog boxes appear in bold. Here is an example: “Select System info from the Administration panel.”

			Tips or important notes

			Appear like this.

			Get in touch

			Feedback from our readers is always welcome.

			General feedback: If you have questions about any aspect of this book, email us at customercare@packtpub.com and mention the book title in the subject of your message.

			Errata: Although we have taken every care to ensure the accuracy of our content, mistakes do happen. If you have found a mistake in this book, we would be grateful if you would report this to us. Please visit www.packtpub.com/support/errata and fill in the form.

			Piracy: If you come across any illegal copies of our works in any form on the internet, we would be grateful if you would provide us with the location address or website name. Please contact us at copyright@packt.com with a link to the material.

			If you are interested in becoming an author: If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, please visit authors.packtpub.com.

			Share Your Thoughts

			Once you’ve read Applied Machine Learning for Healthcare and Life Sciences using AWS, we’d love to hear your thoughts! Please click here to go straight to the Amazon review page for this book and share your feedback.

			Your review is important to us and the tech community and will help us make sure we’re delivering excellent quality content.

			Download a free PDF copy of this book

			Thanks for purchasing this book!

			Do you like to read on the go but are unable to carry your print books everywhere? Is your eBook purchase not compatible with the device of your choice?

			Don’t worry, now with every Packt book you get a DRM-free PDF version of that book at no cost.

			Read anywhere, any place, on any device. Search, copy, and paste code from your favorite technical books directly into your application. 

			The perks don’t stop there, you can get exclusive access to discounts, newsletters, and great free content in your inbox daily

			Follow these simple steps to get the benefits:

			
					Scan the QR code or visit the link below[image: ]


			

			

			https://packt.link/free-ebook/9781804610213

			
					Submit your proof of purchase

					That’s it! We’ll send your free PDF and other benefits to your email directly

			

		

	


		
			Part 1: Introduction to Machine Learning on AWS

			In the first part of the book, we will get an overview of AWS machine learning services and see which tools will be a useful part of our journey into healthcare and life sciences.

			
					Chapter 1, Introducing Machine Learning and the AWS Machine Learning Stack

					Chapter 2, Exploring Key AWS Machine Learning Services for Healthcare and Life Sciences

			

		

		
			
			

		

		
			
			

		

	


		
			1

			Introducing Machine Learning and the AWS Machine Learning Stack

			Applying Machine Learning (ML) technology to solve tangible business problems has become increasingly popular among business and technology leaders. There are a lot of cutting-edge use cases that have utilized ML in a meaningful way and have shown considerable success. For example, computer vision models can allow you to search for what’s in an image by automatically inferring its content, and Natural Language Processing (NLP) models can understand the intent of a conversation and respond automatically while closely mimicking human interactions. As a matter of fact, you may not even know whether the “entity” on the other side of a phone call is an AI bot or a real person!

			While AI technology has a lot of potential for success, there is still a limited understanding of this technology. It is usually concentrated in the hands of a few researchers and advanced partitioners who have spent decades in the field. To solve this knowledge parity, a large section of software and information technology firms such as Amazon Web Services (AWS) are committed to creating tools and services that do not require a deep understanding of the underlying ML technology and are still able to achieve positive results. While these tools democratize AI, the conceptual knowledge of AI and ML is critical for its successful application and should not be ignored. 

			In this chapter, we will get an understanding of ML and how it differs from traditional software. We will get an overview of a typical ML life cycle and also learn about the steps a data scientist needs to perform to deploy an ML model in production. These concepts are fairly generic and can be applied to any domain or organization where ML is utilized.

			By the end of this chapter, you will get a good understanding of how AWS helps democratize ML with purpose-built services that are applicable to developers of all skill levels. We will go through the AWS ML stack and go over the different categories of services that will help you understand how the AWS AI/ML services are organized overall. We’ll cover these topics in the following sections:

			
					What is ML?

					Exploring the ML life cycle

					Introducing ML on AWS

			

			What is ML?

			As the name suggests, ML generally refers to the area of computer science that involves making machines learn and make decisions on their own rather than acting on a set of explicit instructions. In this case, think about the machine as the processor of a computer and the instructions as a program written in a particular programming language. The compiler or the interpreter parses the program and derives a set of instructions that the processor can then execute. In this case, the programmer is responsible for making sure the logic they have in their program is correct as the processor will just perform the task as instructed. 

			For example, let’s assume you want to create a marketing campaign for a new product and want to target the right population to send the email to. To identify this population, you can create a rule in SQL to filter out the right population using a query. We can create rules around age, purchase history, gender, and so on and so forth, and will just process the inputs based on these rules. This is depicted in the following diagram.

			
				
					[image: Figure 1.1 – A diagram showing the input, logic, and output of a traditional software program ]
				

			

			Figure 1.1 – A diagram showing the input, logic, and output of a traditional software program

			In the case of ML, we allow the processor to “learn” from past data points about what is correct and incorrect. This process is called training. It then tries to apply that learning to unseen data points to make a decision. This process is known as prediction because it usually involves determining events that haven’t yet happened. We can represent the previous problem as an ML problem in the following way.

			
				
					[image: Figure 1.2 – A diagram showing how historical data is used to generate predictions using an ML model  ]
				

			

			Figure 1.2 – A diagram showing how historical data is used to generate predictions using an ML model 

			As shown in the preceding diagram, we feed the learning algorithm with some known data points in the form of training data. The algorithm then comes up with a model that is now able to predict outputs from unseen data.

			While ML models can be highly accurate, it is worth noting that the output of a model provides a probabilistic estimation of an answer instead of deterministic, like in the case of a software program. This means that ML models help us predict the probability of something happening, rather than telling us what will happen for sure. For this reason, it is important to continuously evaluate an ML model’s output and determine whether there is a need for it to be trained again.

			Also, downstream consumers of an ML model (client applications) need to keep the probabilistic nature of the output in mind before making decisions based on it. For example, software to compute the sales numbers at the end of each quarter will provide a deterministic figure based on which you can calculate your profit for the quarter. However, an ML model will predict the sales number at the end of a future quarter, based on which you can predict what your profit would look like. The former can be entered in the books or ledger but the latter can be used to get an idea of the future result and take corrective actions if needed.

			Now that we have a basic understanding of how to define ML as a concept, let’s look at two broad types of ML.

			Supervised versus unsupervised learning 

			At a high level, ML models can be divided into two categories:

			
					Supervised learning model: A supervised ML model is created when the training data has a target variable in place. In other words, the training data contains unique combinations of input features and target variables. This is known as a labeled dataset. The supervised learning model learns the relationship between the target and the input features during the training process. Hence, it is important to have high-quality labeled datasets when training supervised learning models. Examples of supervised learning models include classification and regression models. Figure 1.3 depicts how this would work for a model that recognizes the breed of dogs.

			

			
				
					[image: Figure 1.3 – A diagram showing a typical supervised learning prediction workflow ]
				

			

			Figure 1.3 – A diagram showing a typical supervised learning prediction workflow

			
					Unsupervised learning model: An unsupervised learning model does not depend on the availability of labeled datasets. In other words, unlike its supervised cousin, the unsupervised learning model does not learn the association between the target variable and the input features. Instead, it learns the patterns in the overall data to determine how similar or different each data point is from the others. This is usually done by representing all the data points in parameter space in two or three dimensions and calculating the distance between them. The closer they are to each other, the more similar they are to each other. A common example of an unsupervised learning model is k-means clustering, which divides the input data points into k number of groups or clusters. [image: Figure 1.4 – A diagram showing a typical unsupervised learning prediction workflow ]


			

			 

			Figure 1.4 – A diagram showing a typical unsupervised learning prediction workflow

			Now that we have an understanding of the two broad types of ML models, let us review a few key terms and concepts that are commonly used in ML. 

			ML terminology

			There are some key concepts and terminologies specific to ML and it’s important to get a good understanding of these concepts before you go deeper into the subject. These terms will be used repeatedly throughout this book: 

			
					Algorithm: Algorithms are at the core of an ML workflow. The algorithm defines how the training data is utilized to learn from its representations, and is then used to make predictions of a target variable. An example of an algorithm is linear regression. This algorithm is used to find the best fit line that minimizes the error between the actual and the predicted values of the target. This best fit line can be represented by a linear equation such as y=ax+b. This type of algorithm can be used for problems that can be represented by linear relationships. For example, predicting the height of a person based on their age or predicting the cost of a house based on its square footage. 

			

			However, not all problems can be solved using a linear equation because the relationship between the target and the input data points might be non-linear, represented by a curve instead of a straight line. In the case of non-linear regression, the curve is represented by a nonlinear equation y=f(x,c)+b where f(x,c) can be any non-linear function. This type of algorithm can be used for problems that can be represented by non-linear relationships. For example, the prediction of the progression of a disease in a population can be driven by multiple non-linear relationships. An example of a non-linear algorithm is a decision tree. This algorithm aims to learn how to split the data into smaller subsets till the subset is as close in representation to the target variable as possible. 

			The choice of algorithm to solve a particular problem ultimately depends on multiple factors. It is often recommended to try multiple algorithms and find the one that works best for a particular problem. However, having an intuition of how the algorithm works allows you to narrow it down to a few.

			
					Training: Training is the process by which an algorithm learns. In other words, it helps converge on the best fit line or curve based on the input dataset and the target variable. As a result, it is also sometimes referred to as fitting. During the training process, the input data and the target are fed into the algorithm iteratively, in batches. The process tries to determine the coefficients of the final equation that represents the line or the curve with the minimum error when compared to the target variable. During the training process, the input dataset is divided into three different groups: train, validation, and test. The train dataset is the majority of the input data and is used to fit or train the model. The validation dataset is used to evaluate the model performance and, if necessary, tune the model input parameters (also known as hyperparameters) in an iterative way. Finally, the test dataset is the dataset on which the final evaluation of the model is done, which determines whether it can be deployed in production. The process of training and tuning the model is highly iterative. It requires multiple runs and trial and error to determine the best combination of parameters to use in the final model.  

			

			The evaluation of the ML model is done by a metric, also known as the evaluation metric, which determines how good the model is. Depending on the choice of the evaluation metric, the training process aims to minimize or maximize the value of the metric. For instance, if the evaluation metric is Mean Squared Error, the goal of the training job is to minimize it. However, if the evaluation metric is accuracy, the goal would be to maximize it. Training is a compute-intensive process and can consume considerable resources.

			
				
					[image: Figure 1.5 – A diagram showing the steps of a model training workflow ]
				

			

			Figure 1.5 – A diagram showing the steps of a model training workflow
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