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			This book is dedicated to cancer patients and the health care providers who dedicate their lives to treating them.

		

		
			Contents

			Foreword

			Introduction

			Chapter one

			The Billion-Dollar Drug Problem

			Chapter two

			Journey from Oncology Surgeon to Biotechnology Executive

			Chapter three

			Biotechnology Lessons

			Chapter four

			Big Pharma Lessons

			Chapter five

			CROs—The Pitfalls of Business as Usual in Drug Development

			Chapter six

			Understanding and Navigating the FDA

			Chapter seven

			The TRACON Product Development Platform

			Chapter eight

			Harnessing Global Innovation for US Patients

			Chapter nine

			Integrating Technology as Part of the TRACON PDP

			Chapter ten

			The Finer Points of Commercializing an Oncology Drug

			Summary

			Acknowledgments

			Glossary

			About the Lead Author

			Our Services

		

		
			Foreword

			The Future of Clinical Trials

			Over the last several decades, we have witnessed a public debate about the rising cost of discovering and developing new drugs. Currently, the cost of discovering, developing, and commercializing a drug varies, but most pharmaceutical and biotechnology professionals agree that it exceeds $1 billion to bring a drug to market, with the average duration of the clinical trials needed to approve a new drug being more than ten years, depending on the therapeutic area. Wouters and colleagues concluded that cancer drugs are among the most expensive to develop, with a median estimate of $2.8 billion.1 More recently, Pfizer stated the research and development costs of its SARS Cov-2 (COVID-19) vaccine approached $1 billion. Despite the fact that the development of the COVID-19 vaccine was one of the most efficient vaccine research collaborations between for-profit and nonprofit institutions that we have observed, with governments, academia, and pharmaceutical companies working in an unprecedented level of synchronicity to accelerate vaccine discovery, the cost of research and development remained staggering.

			As our understanding of diseases and their causes improves, patients and caregivers continue to demand safer and more efficacious drugs. There is increased pressure to consider the genetic heterogeneity of patient populations to allow for the development of drugs that are highly selective and have fewer side effects. Developing safe and efficacious drugs requires not only detailed and thorough research but also large clinical trials to thoroughly understand drug effects before companies can approach the FDA for approval. All of these research and regulatory requirements add to the cost of developing a new drug.

			Researchers generally agree that the conventional drug discovery process is costly and time-consuming with very high attrition rates and very low success rates. How do we approach the disparity between the high cost of drug discovery and vast unmet medical needs? Over the years, our understanding of the genetic basis of disease has increased, and the costs of conducting genetic analyses to identify certain diseases has decreased considerably. The application of computer modelling to understand the interactions between proteins and drug candidates has not only accelerated the discovery of new therapeutics, but has also improved precision targeting of drugs for particular diseases. Recent application of artificial intelligence has made significant inroads into the field of drug discovery. This is mainly due to the increased availability of large databases that can be leveraged to create more accurate machine learning models, thereby lowering the barrier to entry for researchers. Currently, artificial intelligence is being employed to identify and repurpose old or existing drugs for new therapies, a practice which also reduces the cost of research and development. In recent years several biotechnology companies have developed low-cost diagnostic kits to rapidly identify diseases based on specific biomarkers. The cost of these test kits has decreased, making it quite feasible to diagnose a large number of patients in a short period of time. 

			These advances across multiple areas of drug discovery should have helped lower the cost of discovering and advancing drug candidates. However, despite these myriad advances, the overall cost of research and development of drugs continues to increase. If the actual procedural costs of research and development have decreased, why have overall costs continued to climb? A close examination of the breakdown of these costs reveals that approximately 70 percent of the cost of developing a drug is attributed to conducting clinical trials (Phase 1, 2, and 3)—in other words, despite the improvements in drug discovery technologies, the cost of drug development continues to climb steeply because of the rate of increase in clinical trial costs. As such, it is extremely rare for small and midsized biotechnology companies to conduct clinical trials on their own due to lack of funding and internal expertise. Consequently, these companies usually partner with larger companies that have deep expertise in a given therapeutic area and have the resources to staff an internal clinical development team. Apart from partnering with larger companies, it is also increasingly common for many companies to work with clinical contract research organization (CROs) to conduct clinical trials. While outsourcing to a clinical CRO may appear to be a cost-efficient solution, the practice suffers from lack of ownership from the CROs. CROs usually operate on a fee-for-service reimbursement model, and once they deliver the service, they move on to next customer—their incentives are not aligned with those of the drug developers. As such, we need a new business model where the partners responsible for clinical trial implementation are as motivated as the companies who discovered the drug candidate. It is important for a company to work with a partner who has deep-seated knowledge in a given therapeutic area and who is equally vested in the success of a new therapeutic. 

			In this book, Dr. Theuer and his colleagues address the dilemma of the rising cost of clinical trials and propose an alternative model to reduce these costs. The book is written by industry veterans who have worked in large pharmaceutical and small biotechnology companies and have first-hand knowledge and experience in advancing therapeutics through clinical trials to approval. The authors’ experience in both settings informed them on the enormous cost of developing novel drugs. This experience helped them to propose a new model for clinical trial execution that reduces the cost of drug development. After reading the book, I am convinced the time has come to implement this approach. I am delighted with this book’s goals, as I am sure it will be very useful for anyone in the drug discovery and development field. As more and more new therapeutics are discovered both in academia and industry, companies who adopt the business model outlined in Unnecessary Expense will play increasingly prominent roles in developing new drugs while also containing costs.

			—Moorthy Palanki, PhD

			Program Director 
Professor of Practice in Biotechnology
College of Science, Technology, Engineering and Mathematics
California State University San Marcos
333 Twin Oaks Valley Road
San Marcos, CA 92096-0001
https://faculty.csusm.edu/mpalanki/index.html

			Introduction

			The commonly accepted cost of $1 billion to discover, develop, and approve each new drug is no longer accurate. That is startling, given that the book The Billion-Dollar Molecule: The Quest for the Perfect Drug was published less than a decade ago. Today, research and development costs have increased to more than $2 billion to secure FDA approval for each new drug. Most biotechnology and pharmaceutical companies are unable to support that level of investment on their own. Because the financial investment required is so extreme, drug-development companies understandably focus on discovering or developing drugs designed for large patient populations with diseases experienced by millions, such as high blood pressure, diabetes, or some of the more common cancers.

			Unfortunately, this hamster wheel of chasing profits to justify investment costs stifles drug innovation. It’s easy to see why. There’s far less incentive to develop drugs for smaller patient populations; while the cost to develop and gain approval of a new drug for a rare disease may be the same as it would be for any new drug (approximately $2 billion), the profits are likely far less.

			However, there is a new paradigm shift underway: an innovative drug-development strategy that decreases drug-development costs and shortens the time needed to test new drug candidates, while maintaining the rigor necessary to secure FDA approval. Domestic and foreign-based biotechnology and pharmaceutical companies  who partner with TRACON to access our unique Product Development Platform (PDP) do so precisely to reduce costs and timelines without sacrificing quality. The results of greater efficiency allow for the development of drugs for underserved populations with limited treatment options. Moreover, faster and more economical drug development allows for a greater return of value to key stakeholders: patients in need who benefit from potentially life-transforming drugs, drug developers that receive equitable profits that reward their ongoing commitment to innovation, and insurance companies that prefer not to pay premium drug prices for drugs approved for patients with rare diseases.

			In this book, you will learn what drives the high costs of developing new drugs; more importantly, you’ll learn that many expenses are not the necessary cost of doing business. In fact, when assessing the current paradigms of drug discovery, development, and commercialization, it will become clear how the pharmaceutical ecosystem can benefit from adopting far more streamlined and cost-effective processes that empower and reward pharmaceutical companies that invest in the development of drugs for rare and common diseases, not just those that affect millions of patients. As you will learn in this book, the high costs associated with testing drug candidates in clinical trials encompass vast inefficiencies. You will learn about how investing in systems and processes obviates these inefficiencies and enables speed and quality when compared to the traditional path taken by many Big Pharma firms.

			This book will also explain how dovetailing efficient drug development with the global harnessing of pharmaceutical innovation can greatly benefit the US population to the point that a drug candidate may be developed and approved for less than $20 million, which is  one-hundredth the typical investment needed for the approval of each new drug. A significant paradigm shift offers a path forward for more companies to adopt better practices, either directly or through partnerships, and to broaden the development of the spectrum of drug candidates for the benefit of patients and innovators.

			The goal of this book is to throw into sharp relief why more pharmaceutical and biotechnology firms should embrace a model that leverages global innovation and streamlines clinical trial execution for patient populations with high unmet needs to provide a faster path to profitability. By shifting the drug-development paradigm, TRACON has expanded commercial targets to include rare diseases with every expectation that we will generate a more-than-satisfactory return on investment. The TRACON PDP also serves as a solution for foreign-based drug-development companies looking to optimize the commercial potential of their drug candidates in the US market, which produces the additional benefit of utilizing global innovation for US patients rapidly and efficiently.

			Organization of the Book

			Like building a house from the foundation upward, each chapter in the book builds on the previous one, and certain chapters play to a common theme. Chapter 1 defines the billion-dollar drug problem and the factors that contribute to the high expense required to approve a new drug. Beginning with chapter 2, I chronicle my experiences as a cancer surgeon and then as a director of clinical development at biotechnology firms as well as in Big Pharma. In chapters 3 and 4, you will understand, through my journey in drug development, my “lessons learned” and how those lessons informed the solutions in place at TRACON today. Chapter 3 details my journeys in biotechnology firms and profiles one of the most successful cancer drugs, Rituxan®, which was developed at the first biotechnology company I joined, as well as less successful drugs, to reveal differences that account for successes or failures in drug development. This theme continues in chapter 4, where I review my experience at Big Pharma and the successful development of the drug Sutent®, which revolutionized the treatment of kidney cancer yet failed to demonstrate activity in other cancer types.

			Chapter 5 exposes one of the prime business practices that contributes to the high cost of drug development: outsourcing the conduct of clinical trials to contract research organizations (CROs). You’ll understand that CROs are not optimally aligned with pharmaceutical companies seeking quick, high-quality, and low-cost clinical trial execution, since CROs operate on a fee-for-service plus guaranteed payment model, meaning they are paid for every service they perform, whether or not that service actually contributes to the overall quality and execution of the clinical trial, and are paid a monthly fee, regardless of performance or work quality. Before moving to chapters 7 and 8, which present the TRACON PDP of CRO-independent clinical research as an antidote to the billion-dollar drug problem, you’ll review in chapter 6 the critical partnership between biopharmaceutical companies and the FDA needed to navigate the complex regulatory process required for drug approval.

			Chapters 7 and 8 examine the TRACON PDP as a means of decreasing the costs and timelines of drug development, while enhancing the quality of trials and data. You’ll further learn that the alignment of interests between pharmaceutical partners through profit-share agreements that provide access to the TRACON PDP presents a superior solution for companies, especially foreign-based companies, to solve their problem of how to (1) access the lucrative US commercial pharmaceutical market, and (2) retain significant value of the drug candidates they have invested large amounts of time and money to discover and initially develop. The benefits of the TRACON PDP for foreign-based biotechnology companies serve America as well, by allowing us to leverage global innovation for US patients. Chapter 9 reviews the value of technology to enhance the efficiency and quality of drug development, and details how the TRACON PDP optimizes systems from technology providers for the benefit of the entire biopharmaceutical ecosystem.

			Drug approval isn’t the final step in the development of a new drug. Chapter 10 examines the finer points of commercializing an oncology drug, which differs markedly from marketing a drug prescribed by general practitioners. In closing we summarize the key takeaways and challenge all drug-development stakeholders to reevaluate current paradigms for the benefit of all members of the pharmaceutical ecosystem dedicated to advancing patient care.

			Enjoy!

			
Chapter one

			
The Billion-Dollar Drug Problem

			Until recently, it was commonly accepted that $1 billion must be invested to approve each new drug in the United States. While this may have been true in 2010, it is not true today. Capitalized research and development costs have been steadily climbing over the last ten years, to such an extent that now more than $2 billion in capitalized costs (including more than $1.4 billion in out-of-pocket costs and more than $500 million in fixed asset costs amortized over time) is invested to approve each new drug in the United States.

			The approval of a new drug represents the culmination of a complicated and lengthy process that starts in a laboratory. There are six general steps that need to be accomplished to market a new drug (see Figure 1). Each step constitutes a successive cost increase, resulting in an overall developmental process that is very expensive and time consuming, with a typical drug approval requiring more than ten years from the time of initial dosing to patients in a clinical trial.
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			Figure 1: General categories needed for the successful commercialization of a drug

			Most of the expenses associated with new drug approvals are dedicated to clinical trials (Figure 2). This exorbitance reflects both the high costs of conducting clinical trials and the high risk of new drugs failing to satisfy the stringent FDA safety and activity standards required for drug approval. The high risk of failure of new drug candidates is denoted by a common heuristic for drug discovery and development, the “one-in-ten” rule—that only one of ten drugs studied in clinical trials is likely to be approved.
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			Figure 2: Prehuman phase, clinical phase, and total out-of-pocket and capitalized costs per approved new drug (Source: DiMasi et al., Journal of Health Economics 2016; 47: 20–33)

			Drug development typically requires three phases of clinical trial testing in patients: Phase 1 trials primarily assess the safety of a drug candidate; Phase 2 trials primarily assess early signs of activity; and Phase 3 trials generally determine activity in comparison to an approved drug to see if the drug candidate is a better treatment. The “better” aspect differs based on the disease being treated. In the case of drugs to treat cancer, approval may be based on extending life span or reducing the size of a given cancer (also known as generating a response, something we’ll go over in more detail in chapter 6 (“Understanding and Navigating the FDA”)). Phase 4 trials look at drugs that have already been approved by the FDA. These studies typically assess safety over time in thousands of patients and may also explore other aspects of the treatment, such as quality of life or cost effectiveness.

			As noted in Figure 3, approximately 60 percent of drug candidates are determined to be safe in Phase 1 trials and proceed to Phase 2 testing. However, Phase 2 trials, which are sometimes called the “valley of death,” are the ones that are least likely to be successful due to a drug candidate failing to reproduce the activity demonstrated in animal models. Given a successful Phase 2 trial, a Phase 3 trial is also likely to be successful to allow for the filing of a New Drug Application (NDA) for a small-molecule drug, or a Biologic License Application (BLA) for a protein-based therapeutic, such as an antibody, with the FDA. However, there have been many high-profile Phase 3 trial failures, and even if Phase 3 trials are successful, not every NDA or BLA submitted is approved by the FDA, which adds additional risk (as well as time and cost) to each new drug approval prospect. If you multiply the conditional success rates of each phase of clinical development and the risk of FDA approval, the overall chance of approval for each drug candidate that enters clinical testing in patients is approximately one in ten.
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			Figure 3: Probability of success for each step of the clinical trial process and overall, from clinical development success rates (Source: DiMasi et al., Journal of Health Economics 2016; 47: 20–33) 

			The risk of failure is even higher for cancer drugs, in which the overall chance of approval is closer to one in twenty, as noted in Figure 4.
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			Figure 4: Overall probability of new drug candidate approval from Phase I by 
therapeutic area, 2006–2015, published by BIO 

			Figures 3 and 4 detail the risks associated with testing a new drug candidate in clinical trials as well as the risk of the FDA rejecting the conclusions that a potential new drug is safe and effective. Since an individual drug candidate typically costs hundreds of millions of dollars to study in clinical trials, and nine out of ten drug candidates are eventually discarded, the result is an aggregated cost of over $2 billion for each newly approved drug. Not shown are the even higher risks of failure associated with drug discovery and animal testing. If the risks of drug discovery and animal testing are included, far fewer than one in ten new drug “ideas” successfully navigate the arduous path of drug discovery, animal testing, clinical trials, manufacturing, FDA approval, and commercialization.

			How can this business model even be sustainable? The answer is that an effective drug, commercialized successfully, can be extraordinarily beneficial for patients and for the company that brings it to market. Many successful cancer drugs have annual net sales in excess of $1 billion and are considered “blockbusters.” These sales may persist for decades. One example is the drug Rituxan, a drug discovered by IDEC Pharmaceuticals, the first biotechnology company I worked at. Rituxan revolutionized the treatment of lymphoma and was subsequently approved for the treatment of autoimmune diseases.

			Rituxan was first approved in 1997. More than twenty years later, in 2019, the last year for which annual sales data are available, Rituxan remains a standard-of-care treatment for patients with lymphoma and rheumatoid arthritis with annual sales in excess of $6.5 billion. All told, Rituxan sales have thus far exceeded $100 billion since its approval, a nice return on investment, and an estimated one hundred thousand patients have been treated.

			The darker side of the drug-development story is that its high cost forces many biotechnology companies to marshal their resources in pursuit of a single drug candidate, effectively tying their fate to the success of one drug. Unfortunately, the high odds of failure inherent in the drug-development process will, more often than not, portend failure for these “single drug” companies. Another effect of the high cost and high risk of drug development is the need for a return on investment, which demands high net sales, which strongly biases companies toward the development of drugs for common diseases. This makes the development of drug candidates in rare diseases problematic, even if a rare disease population may be one most likely to benefit from new drug development. And those companies that do focus on rare diseases will likely charge a premium price to justify their investment.

			That $2 billion price tag per approved drug is the same whether you’re one of the top Big Pharma companies in the world or a small, innovative biotechnology company. Often, drug development is done in a hybrid manner: a smaller biotechnology company will discover a novel molecule and perform early clinical trials, and then a Big Pharma company will either license the drug candidate or acquire the small biotechnology firm, complete Phase 2 and Phase 3 trials, compile the dossier needed for FDA approval, and commercialize the drug. These were, for example, the steps taken during the approval of the drug Sutent, which I helped develop when I was at Pfizer. In that instance, the biotechnology company Sugen discovered Sutent and was purchased by the Big Pharma company Pharmacia, based on encouraging Phase 2 clinical trial data. Pharmacia, in turn, was then purchased by the largest Big Pharma company in the world at that time, Pfizer (as of 2020, the largest Big Pharma company in the world is Johnson & Johnson; Pfizer is the second largest). Pfizer then recruited me and others to complete late-stage clinical trials that resulted in the approval of Sutent, a drug that revolutionized the treatment of patients with kidney cancer and became a blockbuster—more on that in chapter 4 (“Big Pharma Lessons”).

			Shifting the Pharmaceutical Paradigm

			Can the $2 billion price tag per successful drug be reduced significantly, allowing for a far more efficient process—one that offers greater incentive for innovation and focus on rarer patient populations with unmet needs?

			The answer—unequivocally—is yes.

			Many legacy systems within the pharmaceutical ecosystem are accepted as the “cost of doing business.” And as you’ve learned in the preceding few paragraphs, that price is high, in cost and lost opportunities for patients with diseases for which drug-development investments aren’t deemed sufficiently profitable. In reality, legacy processes in the biopharmaceutical ecosystem unnecessarily extend the time, cost, and risk of testing and marketing new therapies. The pharmaceutical paradigm can and must shift to a more agile model, one that emphasizes speed and thereby cost efficiency, without sacrificing rigor. By improving the overall efficiency of drug development, we can better promote the development of first-in-class (i.e., a drug with a novel mechanism of action) or best-in-class (i.e., a drug with a known and proven mechanism of action that offers superior safety, activity, or convenience compared to drugs already on the market) therapies for unmet need patient populations, reducing the overall cost of the journey from drug concept to commercialized reality.

			At TRACON, we believe that we can secure FDA approval of a best-in-class drug candidate, one with the potential to revolutionize the care of patients with a rare type of cancer, on a budget of less than $20 million. We are currently employing this paradigm and expect this amount will be the entire TRACON research and development budget required for approval. At a less than $20 million investment, if approved, our drug candidate may be one of the least expensive drug approvals ever in the United States, especially in the oncology field, where clinical trials are complex and costly.

			One key component is reducing the cost and time of the clinical research needed to prove the safety and activity of a drug candidate, while at the same time improving the quality of that research. At TRACON, we achieve this via our unique PDP, through which we dispense with one of the largest cost-of-doing-business components of drug development: that of conducting a clinical trial through a contract research organization, or CRO. We achieve this by implementing clinical trials using our internal team and streamlined technology platform that allows us to conduct efficient trials, with auditable and detailed data collation and reporting, at a greatly reduced cost. CRO incentives, unfortunately, are not optimally aligned with goals of pharmaceutical companies seeking quick, high-quality, and low-cost clinical trial execution, since they operate on a fee-for-service plus guaranteed payment model that does not encourage streamlined clinical trials. Instead CRO reimbursement creates the wrong incentives, which may generate behaviors that delay drug approval. I’ll devote the entirety of chapter 5 (“CROs—The Pitfalls of Business as Usual in Drug Development”) to the many drawbacks of the poorly aligned fee-for-service plus guaranteed payment model of CRO-based drug development and how the TRACON PDP makes this cost of doing business unnecessary. In fact, by reducing the cost and time of drug development, it is possible to more than double the value of each drug candidate. A doubling of the value of each drug candidate facilitates the development of twice as many new drugs for the same investment.

			A second key is developing a drug with a proven mechanism of action that also has a unique product attribute, making it a potentially best-in-class therapy for an unmet need patient population. A validated mechanism of action lowers the clinical risk of failure, and a unique product attribute increases the value of the drug. Big Pharma is well aware of the value of best-in-class drug development, a topic we will further explore in chapter 4 (“Big Pharma Lessons”). One major issue with the current pharmaceutical paradigm, however, is that Big Pharma companies frequently invest in developing a best-in-class drug in an indication already well served by the first-in-class drug with the same mechanism of action in order to capture a share of the profit in that indication.

			Instead of developing a drug with a similar mechanism of action in a large indication already well served by a first-in-class treatment, we advocate addressing patient populations without good treatment options. Because our development costs are lower, TRACON can expand our commercial targets to include many rare diseases and still generate a significant return on investment. 

			A third key is leveraging worldwide investment in pharmaceutical research and development to benefit American patients, who represent 80 percent of the global pharmaceutical market. If a company in China, for example, has performed clinical trials in China and managed the complex industrial processes needed to manufacture a drug safely and reproducibly, then those learnings and that investment can be leveraged to benefit patients in the United States with similar or related diseases. This approach eliminates the cost of de novo discovery, manufacturing, and animal testing since those essential elements of drug development have already been accomplished by a foreign-based company in their native country. Furthermore, the available clinical trial data often reduces the size and scope of trials in US patients required for FDA approval. The process can then come full circle, because when a drug is approved for use in the United States, it usually enjoys a rapid path to approval and usage worldwide.

			While the majority of drug innovation occurs in the United States, innovation in Asia and Europe has accelerated in recent years. This is nicely exemplified by the drug Opdivo®, one of the first approved therapeutics of a new class of drugs called immune checkpoint inhibitors (ICIs), which have revolutionized cancer care by allowing the patient’s immune system to attack his or her cancer. You’ll read a lot about ICIs in this book, as they represent one of the most important classes of cancer treatment that are now approved to treat nearly twenty different cancer types. The technology behind Opdivo was licensed by Bristol Myers Squibb from the Japanese pharmaceutical company Ono, which had earlier licensed the enabling patents from Kyoto University in Japan, where seminal research on this drug class was conducted.

			TRACON works to identify unmet need patient populations in the United States and then subsequently conducts a global search for drug candidates to fulfill those unmet needs. Our PDP allows us to devise an efficient regulatory path for approval, navigate and secure regulatory concurrence from the FDA, and rapidly execute high-quality clinical trials at low cost. Finally, we possess the expertise to commercialize a new drug in the United States. These capabilities can provide a rapid and inexpensive path to approval and global commercialization.

			We engage with our partners through a synergistic model whereby all parties are aligned, by sharing the risks and costs of drug development as well as the profits expected following successful commercialization. We also make clear that a dossier acceptable for drug approval in the United States for an unmet need patient population will likely also be acceptable for approval in multiple countries outside the United States. This business model, built using our CRO-independent PDP, is shifting the paradigm for effective US drug development. Since 2016, we have formed partnerships with multiple pharmaceutical companies in the United States and China to conduct trials and facilitate FDA approvals with the goal of benefiting cancer patients without effective treatment options.

			
Chapter two

			
Journey from Oncology Surgeon to Biotechnology Executive

			Before my two-decade career as a biopharmaceutical executive, I trained and worked as an oncology surgeon for more than a decade, with a two-year foray as a basic science research fellow at the National Cancer Institute (NCI). Mine is not the typical background for a biotechnology executive. My background as a cancer researcher and surgeon, however, has provided me with experiences that inform the impact and success I’ve had since entering the biopharmaceutical field.

			As is true for many in the drug-development world, my entrée into biotechnology started with basic science research. During my college summers, I worked as a research assistant at Biogen, as part of a team endeavoring to isolate and sequence Factor VIII, a key clotting factor that is deficient in hemophiliacs. The goal of our project was to clone the Factor VIII gene to allow for mass production of the protein for hemophiliacs to prevent the bleeding complications that are characteristic of the disease. At that time, Biogen was a small biotechnology company. Fast forward to 2020: Biogen is now one of the largest biopharmaceutical conglomerates in the world.

			I attended MIT for college, where I studied molecular biology, with a particular focus on understanding cancer pathways. From the very beginning, my inspiration and efforts focused on innovative oncology treatments. A paper I wrote as part of a graduate course on cellular immunology focused on a new drug class called antibody-drug conjugates (ADCs), also known as immunotoxins, and allowed me to deepen my understanding of how antibodies could be weaponized to attack specific cells.

			Antibodies are natural proteins that bind to specific target molecules on the outer surface of cells with high precision. This specificity can be leveraged to create “magic bullets” consisting of an antibody fused to a toxic molecule or payload that kills only the cells to which the antibody binds. If the antibody binds to a receptor expressed only on cancer cells and not normal cells, the ADC becomes a magic bullet that selectively kills malignant cells, while sparing healthy tissue. That knowledge came in handy years later, when I conducted research at the NCI on this specific type of revolutionary antibody-based cancer treatment.

			Leveraging Community Impact

			I attended medical school at the University of California San Francisco (UCSF) during the height of the acquired immunodeficiency syndrome (AIDS) epidemic. At that time, AIDS claimed hundreds of thousands of lives annually in the United States—there was no vaccine (and to this day, there still isn’t an effective vaccine), and there were no effective treatments to prevent human immunodeficiency virus (HIV)–infected patients from developing severe immunosuppression that resulted in AIDS. I volunteered at the clinical epidemiology program based at San Francisco General Hospital, where we studied how HIV was transmitted and how HIV-mediated immunosuppression enabled seemingly innocuous microbes to become deadly opportunistic pathogens.

			Through my AIDS epidemiology work, I was able to contribute to public health measures that had a positive impact in San Francisco, nationwide, and globally. Our team published several articles identifying HIV infection as responsible for increased cases of tuberculosis that spread to infect organs outside the lung, and that these cases of tuberculosis in HIV-infected patients indicated immunosuppression qualifying as a diagnosis of AIDS.2 These findings promoted widespread testing of tuberculosis patients for HIV infection, which in turn provided HIV-infected patients with faster access to clinical trials of new treatments as well as social service benefits.

			Our research also identified needle sharing among intravenous drug users as one of the primary routes of HIV transmission. We learned the value of providing clean needles to addicts through a syringe exchange program to prevent the transmission of HIV that occurred through sharing used needles. This public health measure was adopted in San Francisco and other cities to curb the HIV infection rate. By 2008, more than seventy-seven countries worldwide had introduced syringe exchange programs to help curb the spread of HIV.3

			During that time, I also witnessed the activism of the gay community in San Francisco, which created close relationships with the medical community and facilitated the testing of drug candidates for HIV. Community engagement and cooperation between patients, providers, and drug companies resulted in some of the fastest drug approvals for HIV-infected patients ever seen in any therapeutic area. That important lesson made a lasting impression on me and contributed to the paradigm model we’ve adopted at TRACON to bring new therapies to cancer patients in a minimal amount of time.

			Career Path

			While in medical school, during my surgical rotation, I witnessed an operation that crystallized how a simple, definitive surgical intervention made a permanent, positive impact on a patient. A young man with a gunshot wound was rushed to the operating room at San Francisco General Hospital with a barely perceptible blood pressure. The surgical team immediately incised the abdominal skin and, while blood spilled on the floor, intently searched to find the source of the bleeding. The damaged and hemorrhaging vessel was quickly identified, isolated, and repaired. Two days later the patient was smiling in his hospital room and asking when he could go home.

			To me, that operation epitomized the power of surgery and decisive, thoughtful action. Medical students and surgeons are familiar with the phrases “A chance to cut is a chance to cure” and “Cold steel will heal.” Those phrases speak to the ability of a surgeon to immediately influence the course of a patient’s life for the better and drew me like a magnet toward the discipline of surgery, despite the fact my medical school experiences were geared toward infectious diseases through my HIV research. After obtaining my MD degree at UCSF, I completed my training in general surgery at the Harbor-UCLA Medical Center in Los Angeles, a classic county hospital, where the plethora of cases allowed me to quickly accumulate hands-on clinical experience. Harbor-UCLA has a strong academic program and boasts an incredible faculty of attending surgeons who mentored resident physicians while also granting the leeway required for our growth into confident, independent surgeons. Our chairman of surgery noted in a speech prior to my fifth and final year of clinical training, “As chief residents in general surgery, you are all now the most powerful people in this hospital.” That statement created a profound sense of responsibility and understanding of the impact we would have on our patients. We were taught to treat each patient like they were a family member and do well by them. It’s a lesson that I carry with me to this day. 

			The Harbor-UCLA program is famous for its clinical training and clinical research, but it did not focus as intensely on basic science cancer research. Given my background conducting investigations in the molecular biology field at MIT and Biogen, I took advantage of the fact that one of my surgical resident colleagues had pioneered the path for Harbor-UCLA residents to become research fellows at the National Cancer Institute (NCI). I followed this path and applied for a two-year research fellowship at the NCI funded through the US Public Health Service.

			During the interview process at the National Institutes of Health, I met with world experts in HIV and cancer research. These meetings almost led me to continue down a pathway of HIV-focused research, but my experiences as a surgeon underpinned my final conclusion that cancer research was a more logical choice, given that surgeons constitute a fundamental component of the cancer treatment community. With that clarity, cancer research made more sense.

			I interviewed at several cancer laboratories, including the one led by Dr. Ira Pastan at the NCI. The paper I had written at MIT on immunotoxins was one of the main talking points during my discussion with Dr. Pastan, and my knowledge of how antibodies could be mechanized to attack malignant cells was instrumental in securing me an offer from the NCI.
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