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In memory of my father. His journey as a patient inspired me to make a difference in healthcare.
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FOREWORD


In the summer of 2019, I met Dr. Tomislav (Tom) Mihaljevic, the CEO of Cleveland Clinic. I had known Tom since 2013, when he attended the General Management program that I chaired at the Harvard Business School. Tom was familiar with my work on digital transformation, and he asked me to help him and his team to create a blueprint for Cleveland Clinic’s digital journey. Although I had been doing work in the digital strategy area for more than a decade and even wrote a book on this topic, Driving Digital Strategy, I did not have a deep knowledge of the healthcare industry. Working with Tom and his senior leadership team gave me the front-row seat to understand the enormous potential of digital technology in the healthcare sector. I had many discussions with Tom and his senior leadership team, as well as several meetings with leaders from Google and Microsoft, to map out potential directions for Cleveland Clinic’s digital strategy. We explored how Cleveland Clinic could use technology to digitize its current operations, leverage data to get new insights, and embark on new opportunities enabled by technology.


In March 2020, the pandemic upended our lives, and digital transformation in the healthcare industry went into an overdrive. Work from home and telehealth became the norm. Around this time, Rohit Mahajan contacted me to become an informal advisor to his company BigRio. I knew Rohit from the time he attended our Owner and President Management Program (OPM) at Harvard Business School. Rohit and I kept in touch since then, and after becoming an advisor to his company, I came to know more about his expertise in data and technology. During our numerous conversations, I learned many things from his experience.


Rohit is an experienced entrepreneur and leader in the technology and software industries. For several decades, he has provided innovative data and analytical solutions to his clients in several industries including healthcare, automotive, financial services, retail, and manufacturing. I am thrilled that he has decided to distill his expertise and experience in this book with a focus on healthcare.


In this book, Rohit covers a vast range of technologies—artificial intelligence (AI), cognitive digital twins (CDT), Internet of Things (IoT), and many others—and their impact on the healthcare industry. For example, using data from a patient’s electronic health record, Google researchers have developed AI models that can predict the course of a disease for the patient and the risk of death during a hospital stay with 95 percent accuracy. Using massive amounts of data and AI, Moderna was able to develop a new vaccine for COVID-19 in months that would have otherwise taken years. In the process, Moderna developed an mRNA platform that can be easily tweaked to develop new vaccines quickly.


Cognitive digital twin (CDT), or a virtual replica of a physical system, can gather data from real objects through sensors and run simulations to predict potential failures and suggest possible improvements. This approach has been used in the manufacturing industry for several years, and there is good reason to believe that it can be a powerful way to model, monitor, and improve the operations of medical devices such as a pacemaker or a surgical implant, and even the human body. Siemens and Philips are working on versions of a virtual heart using AI and CDT technology.


These CDT systems are powered by IoT devices that have built-in sensors to monitor the performance of a device or organ. Companies like Becton Dickinson and Abbott are creating connected devices with built-in chips and sensors that provide real-time data about a patient’s health condition.


Emergence of these technologies and their potential impact on healthcare has also created a lot of excitement among entrepreneurs and venture capitalists. Livingo, a start-up that focused on helping patients manage diabetes by monitoring their blood glucose levels, was sold to Teledco in 2020, for $18.5 billion. Many other unicorns have been born in the last decade that have focused on leveraging technology to manage healthcare.


Innovative technologies have already made significant impact in the healthcare industry, and even bigger shifts are yet to come. Rohit paints a clear picture that allows readers to understand these innovative technologies and their future directions. Based on his practical experience, he also highlights implementation challenges that senior executives must navigate to realize the full potential of these innovations.


I enjoyed reading this book and gained a deeper appreciation of how technology will shape the future of healthcare.


SUNIL GUPTA


Edward W. Carter Professor of Business,


Harvard Business School
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INTRODUCTION


Can Machines Think?


Some people call this artificial intelligence, but the reality is this technology will enhance us. So instead of artificial intelligence, I think we’ll augment our intelligence.


—GINNI ROMETTY


According to The AI Index 2021 Annual Report, created by Stanford University, “AI systems can now compose text, audio, and images to a sufficiently high standard that humans have a hard time telling the difference between synthetic and non-synthetic outputs for some constrained applications of the technology.”


Think about that for a moment.


That means that we are at a point in the development of artificial intelligence where, at many touchpoints with AI, we cannot tell if we are interacting with humans or computers.


I suppose that I knew that this is where artificial intelligence could go when I wrote my first AI program in 1988. But even I did not imagine we would get to this point so quickly, or what the implications could be for AI and machine learning in general, and more specifically, for improving the delivery of healthcare.


The Early Days


I think I became fascinated with the idea of artificial intelligence quite early on. I was always interested in new technology. As I was advancing in my studies in computer science, I knew that people had been working on AI for quite some time, but when I was in engineering school in 1988, it was not really part of the curriculum that our professors were teaching. However, there was a group of friends and I who were really drawn to AI and intrigued by its possibilities. We all agreed that this was why we got into computing in the first place. AI was not simple programming or process automation; this really had the ability to change the world.


We developed a voracious appetite for AI and started reading all the material we could on the subject until we could write our own AI programs. Coincidentally, the first one I wrote in 1988 had to do with healthcare. I guess, even then—on some level, either conscious or subconscious—I knew that was where AI could make a major contribution to society.


I was doing an internship at a big corporate tech company in India, and I wound up writing this program that when you input the symptoms on one side, it would predict the disease or condition on the other. Predictions based on data sets are the cornerstone of AI.


Now, of course, an AI program that can predict disease based on a set of symptoms is already being used quite extensively today. But then, it was just kind of a vanity starter project during my internship. The other tools we have now that make that kind of AI in medicine a practical reality simply were not available. I never really went anywhere with it and continued to watch advancements in AI from the sidelines.


I did get into the industry, however, and worked with top companies like IBM, but not in AI development. Yet, it always remained in the back of my mind, like a slowly developing cocoon.


A Father’s Journey


I lost my father to cancer.


It was his journey as a patient, I think, that brought my passion for how AI could radically change healthcare from a fly-like buzz in the back of my mind to something I had to do to change the world of medicine.


He had COPD and then later developed lung cancer. It was not pretty having to watch the progression of his disease up close. I knew if the AI programs I had toyed with in their infancies were available now, we could have had far more advanced diagnostics and screening tools that may have caught his disease earlier, before it had advanced to Stage Four, and things could have been quite different. It was that experience that really drove me to grab the opportunity with BigRio when it presented itself in 2019. And now, we have launched an AI studio specifically for U.S.-based healthcare start-ups, and we are partnering with start-ups developing healthcare solutions with AI at the core of their solutions.


In fact, one of those which I am personally working with specifically is a start-up that has developed an AI algorithm that can better predict lung cancer in COPD patients. While I can trace that one directly back to my family’s experience, this is certainly a very wide canvas that stretches across almost every aspect of the healthcare industry. Indeed, right now, where we see the most activity in AI in healthcare is not so much on the clinical side but within the pharmaceutical segment in the area of drug discovery.


In fact, did you know that AI was instrumental in reducing the COVID-19 vaccine trials to months rather than years and in getting vaccines from the lab into people’s arms to combat the deadly pandemic so quickly?


A Case in Point


Recently I had the pleasure of serving on a Harvard Business School case study panel with Stéphane Bancel, CEO of Moderna. AI and how it can be used to accelerate drug discovery was involved in how the Moderna COVID-19 vaccine was able to be developed so quickly, despite using very novel mRNA technology. The reason can be summed up by Bancel’s own words that describe Moderna as “a tech company that happens to do biology.”


I will get into this at greater length in later chapters in the book, but Moderna is the ideal real-world model of a company that utterly understands the power of AI and how it relates to biological sciences.


As Mr. Bancel so elegantly put it, he sees Moderna as a technology company that just happens to be involved in drug discovery. This means that at their core, they are set up more like a traditional tech company with all of the stacked technical devices and the knowledge and expertise, which includes AI and machine learning. Looking over the case study, I could immediately see that they have a thorough understanding of how to load huge amounts of data and how to deal with the integration of the data sources from the various different devices that they work with. From the time it reared its head in Wuhan to the time Moderna took on the task of antiviral development, there was a wealth of information available about the virus. Moderna’s knowledge of how to leverage AI to process and make predictions very quickly on that volume of information allowed them to do in weeks what would have normally taken months or years.


It was their whole integrated approach to using AI from development to delivery that allowed them to roll past any other pharmaceutical company and deliver a vaccine in record time. Prior to this, the fastest vaccine to be developed and approved by the FDA was for the Mumps in 1967—it took four years! This, on its own, is a magnificent triumph for the global healthcare research community and for AI.


What is perhaps most significant about this achievement, though, is not only did AI help Moderna to deliver the vaccine in record time, it also was able very quickly to prove that a new approach to vaccines—mRNA technology—worked. And now it can be used as a kind of platform technology, like an iPhone, where it can be used to develop other vaccines and against other viruses, just like downloading different apps to your phone!


A Tribute and a Legacy


I do not think any of us ever could have imagined how the COVID-19 pandemic was going to be so devastating, particularly in my familial country of India. To me, there is no more fitting tribute or legacy to the memory of my father than the knowledge that the technology I am helping to develop and bring to the world was so instrumental in getting the lifesaving vaccines quickly yet safely to the public.


Right now, thanks to a convergence of many things—not the least of which is the success of the coronavirus vaccines—there are billions of dollars of investment going into AI for healthcare. If there is someone out there reading this book who has seen or maybe is seeing someone suffer the way I watched my father and is thinking, “I know a way to make this better,” I want them to know if they are willing to take that leap of faith with me, money is available to support their vision.


AI in healthcare will fundamentally change how healthcare is delivered. It will improve patient outcomes, it will save lives, and it may very well be the greatest start-up and investment opportunity since the dot-com bubble of the 1980s.
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CHAPTER 1


AI Today


I often tell my students not to be misled by the name “artificial intelligence”—there is nothing artificial about it. AI is made by humans, intended to behave by humans, and, ultimately, to impact humans’ lives and human society.


—FEI-FEI LI


As we begin what will be a very deep dive into machine intelligence, let’s start off by defining some terms that you will see in use throughout this book.


“AI,” “deep learning,” and “machine learning” are all the buzzwords you are hearing right now revolving around the field of artificial intelligence, especially in how AI is being used for business applications regarding analytics and Big Data.


Artificial intelligence (AI) and machine learning (ML) often get used interchangeably, but they are not exactly the same thing. At its most basic level, AI is a broad concept of machines being able to carry out tasks in a way that we would consider “smart.” Machine learning takes that concept to the next level of machines that not only can perform smart tasks but can actually learn and then make decisions and predictions based on what they have learned.


Deep learning takes the AI concept to an even higher level. It is the cutting edge of the cutting edge, the space where machines not only learn but can be intuitive and come up with ideas on their own based on their extensive database of knowledge, learning, and “experience.” In this sense, and how we will be discussing AI in this book, artificial intelligence is not just about intelligence but about intuition and insight, the kinds of cognitive abilities that we, until recently, only ascribed to the human mind. It is this aspect of where AI is today and where it is going that has the most profound applications—particularly in healthcare.


It was Alan Turing, the so-called “father of computer science,” who first asked in 1950: “Can machines think?” To answer that question, he came up with the now well-known Turing Test, where a human interrogator would try to distinguish between a computer and a human text response. To this day, it remains an important part of the history of AI and has formed the basis of much of where we are with AI today, particularly around the introduction and ongoing advancements in linguistics and Natural Language Processing (NLP), which we will discuss at far greater length in our next chapter.


AI is our attempt to answer Turing’s question in the affirmative. It is a far-reaching endeavor to replicate or simulate human intelligence in machines. However, it goes beyond that. AI, as we know it today, and its vast potential in general but particularly in healthcare, is not only about replicating human intelligence and intuition but augmenting it.


The Current Landscape of AI in Healthcare


We are already interacting with deep machine learning on a regular basis. Have you heard yourself or your friends ever ask the question, “How does Facebook, Google, Amazon, etc. show me ads for things that I was only just thinking about buying?” These large tech companies do not have hidden cameras in your homes or secret drones following you around. What they do have is advanced deep learning algorithms, and this is how Amazon gets to intuitively “decide” what you want to buy next, or Netflix “knows” what you want to watch.


At its core, AI is about learning by being able to interpret massive amounts of data and then, very quickly, being able to make extraordinarily accurate predictions based on the same. As you might imagine, that has some remarkable implications for the delivery of medicine and healthcare.


Whether you know it or not, you already run into AI at various touchpoints in the healthcare system. One of the first practical applications of AI and healthcare is in the marriage between AI and medical devices, particularly imaging devices. If you think about diagnostic medical imaging, be it x-rays, CT scans, what have you, the images are taken of the body, and it is then up to the doctors and technicians to interpret those images and offer a diagnosis of what they could indicate. Machines using AI are much better at analyzing images down to the pixel level than the human eye could ever be. Combine that ability with instantaneous access to the entire database of medical images, and it is easy to see how AI has made medical imaging devices into astonishingly powerful tools.


It does not start and stop with smart medical devices. It is almost as if healthcare is the industry that was tailor-made for AI adoption. If you look across the entire healthcare landscape, basically, there are four stakeholders:


1. The providers—clinicians, hospitals, etc.


2. Pharmaceutical and biotech companies


3. Insurance companies


4. Patients and medical consumers


AI touches each of these stakeholders and benefits each of them in varied yet specific ways. Let us take a look at AI in healthcare today by looking at how it impacts each of the major stakeholders.


Benefits of AI to Healthcare Providers


Ultimately, for a hospital or other provider of healthcare, the biggest challenge faced is how to treat as many patients as you can, as safely and cost-effectively as possible. AI is the solution.


A company that we are familiar with provides an excellent example; it has to do with the neonatal intensive care unit or NICU. As you may know, the NICU in the hospital is an area that employs advanced technology and highly trained healthcare professionals to give special care to the tiniest and often the most fragile of patients. The NICU leverages some of the highest value personal equipment and services in the facility. How do you allocate those resources correctly so that only the births that need that specialized care are using that specialized care, ensuring that NICU beds are available for the babies who need them the most?


This company developed an AI algorithm that could take vast amounts of data into account—medical history, lifestyle, family history, etc.—and very accurately screen out high-risk pregnancies from lower-risk pregnancies, and could provide a quite accurate prediction of the facility’s patient population that might wind up needing the NICU. It also allowed practitioners to target those with potentially high-risk pregnancies and provide them with social workers, diet and lifestyle counselors, and other interventions that could keep them from winding up in need of NICU services. This system is being used by Johns Hopkins NICU right now. Johns Hopkins NICU has a Level IV designation from the American Academy of Pediatrics. That is the highest level available, so you can see why having a system in place to allocate their very specialized care is essential to public health.


Another example that is not so specific is hospitals that are using similar AI algorithms to lower their rates of people that regularly return to the emergency department for non-emergency care. This is a problem in all hospitals but in particular in low-income urban sectors, where people, because of lack of insurance or funds, use the emergency department for non-emergency care or wind up in the ER because they do not have the means to treat a condition when it is less serious. As in the case of the NICU, this again stretches the limited resources of the ER. AI is being used to help the administrators isolate their “frequent flyers” by predicting who they might be, and again, providing them with access to other clinical or social interventions, which can hopefully prevent a visit to the ER.


Because AI is so good at predicting medical outcomes, these are only a few examples of how it is serving as the cornerstone of what will be a new era of preventive medicine, where providers are able to be much more proactive and less reactive to the delivery of patient care.


Another area where AI is making a major difference on the provider side of healthcare is in making up for the dramatic shortfalls in the labor force. Current estimates are that one-third of nurses currently serving the American public are baby boomers, who will retire by 2030, taking their knowledge with them. This drastic shortage in healthcare workers poses the imminent need for replacements. The problem of this shortage has only been made clearer and exacerbated by the COVID-19 crisis. The urgent need for additional clinical support is another area where AI can make a major difference.


Much like the examples where AI is being used to see who really needs critical care, such as the ICU or ER, it can be used to automate and streamline the processes for determining whether or not a patient actually needs to visit a doctor in-person or can benefit from a telemedicine visit.


Many lower-level health-related questions and concerns could be addressed without a face-to-face consultation via mobile applications integrated with AI. These AI-powered applications can provide basic healthcare support by “bringing the doctor to the patient” and alleviating the need for the patient to leave the comfort of their home, let alone scheduling an appointment for an in-office visit to a doctor, thus saving time and resources for all parties involved. Should a patient need to see a doctor, these applications also contain schedulers capable of determining appointment type, length, urgency, and available dates/times, foregoing the need for constant human-based clinical support and interaction.


Benefits of AI to the Pharmaceutical Biotech Sector


As mentioned in the introduction, AI played a major role in fast-tracking the development of the COVID-19 vaccines. We will go into this in much greater length in a later chapter, but perhaps the area where AI is making the most dramatic impact on healthcare is in the drug development arena.


Drug development is a painstakingly lengthy procedure often involving years of research and clinical trial. AI can streamline this entire process.


Imagine you are a research scientist, and you could have direct and immediate access to every article written in every journal and the results of every clinical trial related to the topic you are researching? Just how much quicker would that speed up your own research? That is exactly what AI can do for drug discovery.


And it is not just the information that is in the published clinical papers. Any ordinary computer analysis could access that kind of information. AI can and does go much deeper. The truth is, particularly if you are researching something novel—like a new coronavirus—the vast majority of biomedical information is out there in unstructured formats that are in their raw form, such as doctor’s notes, hospital admission records, coroner’s reports, patent applications, and so on. AI, when coupled with Natural Language Processing (NLP) algorithms, offers a powerful solution to this problem. With NLP, AI algorithms are being written that can analyze any kind of documents and other datasets and identify biologically relevant text elements such as the names of genes, proteins, drugs, clinical manifestations of a particular disease, and anything else relevant to a given drug discovery team’s target. That is only the starting point of AI and drug discovery.


We will get into this in greater detail later on, but the power of AI and drug discovery goes beyond merely being able to sift through and process vast amounts of data; it also has to do with the ability of AI to create 100 percent accurate virtual models, something that my friend and colleague, Dr. Ahmed El Adl refers to as a “cognitive digital twin.” These cognitive digital twins can completely emulate complex systems—be that an aircraft or biomechanical systems such as a heart or a lung.

OEBPS/html/fonts/AGaramondPro-Regular.otf


OEBPS/html/docimages/imgpart1.jpg
PART I

The Trends

Genomics, artificial intelligence, and deep machine learning
technologies are helping practitioners deliver better diagnosis
and actually freeing up time for patient interaction.

—FRANS VAN HOUTEN
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