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In memory of Maesha Mahajabeen





Let us go then, you and I,
When the evening is spread out against the sky
Like a patient etherized upon a table;
Let us go, through certain half-deserted streets,
The muttering retreats
Of restless nights in one-night cheap hotels
And sawdust restaurants with oyster-shells:
Streets that follow like a tedious argument
Of insidious intent
To lead you to an overwhelming question . . . 
Oh, do not ask, “What is it?”
Let us go and make our visit.

—T. S. Elliot, “The Love Song of J. Alfred Prufrock,” 1915
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Note to Readers

The opinions, perspectives, and statements in this book are mine or those of the individuals quoted. None of my current or prior employers have any official position on or make any endorsement of the subject matter of this book, and no public or private company provided any input for this book or offered any endorsement. A lot of the observations are contextual and anecdotal—they should not be considered formal recommendations or suggestions. I took notes for nearly all my personal communications and the interviews conducted for this book. The names of people and the codenames of drugs have been changed in some instances.









Introduction

Drugs are indispensable. It has been humanity’s quest since the dawn of civilization, and perhaps even before that, to gain knowledge about drugs, to alleviate pain, and to heal. In this book, I used some of my perspectives and stories to set the stage, to walk you through the promise and the perils of drugs and their development adventures. I have been in love with clinical research for almost twenty years now (I still love it) and enjoy sharing its mechanics with a widening audience, both experts and the merely curious.

As a physician-scientist, I am intrigued by cancer-causing pathways and different ways to interrogate them. During my tenure at the University of Texas MD Anderson Cancer Center, I was part of an amazing team in the Department of Lymphoma and Myeloma at the Cancer Moonshots Program, and I observed very closely the meteoric rise of some of the most successful remedies for blood cancers in recent history. Helping to develop life-saving medicines and taking them to the clinic through powerful collaborations between the pharmaceutical industry and academia is the most exciting part of my job.

In a matter of a few years, starting about 2010, we have witnessed a paradigm shift in the treatment approaches for some of the most aggressive cancers, especially for blood cancers. A growing number of patients who would have been given toxic chemotherapy have started to receive super-specific molecules that target their diseases with amazing accuracy. Or in the case of CAR–T treatments, patients now receive a therapy created from their own cells. Suddenly some patients with limited-to-no treatment options have found hope. Those with merely days left can live longer or even be cured. And for the physicians, researchers, and scientists, it inspired a generation of us to try to achieve more through novel immunotherapy treatments. Cancer research is abuzz over these new, targeted treatments and immunotherapies.

These discoveries blew my mind. I believe there will be great remedies for more of the formerly incurable cancers. Our medical scientists of tomorrow just need to find them.

The drug-development industry is at the frontline of this new era of innovation. The practice-changing scope inspired me to join the pharmaceutical industry, and I am happy that I made the move.

That doesn’t mean I’ve closed my eyes to the problems. I am fully aware, for example, of the heinous and criminal roles that some pharma executives have played over the years in the opioid crisis. I am not oblivious to examples of corporate greed—but then again, never in the history of drug making have we put so much passion, skill, and effort into creating new medicines for cancers. I am humbled by the contributions of our greater community in the journey of drug development, including the key roles that cancer survivors, warriors, and caregivers play. We owe them all these breakthroughs.

The book is loosely divided into three parts. In part I, the focus is on small molecules and especially the remarkable rise of the BTK inhibitor, ibrutinib. I played a minor role in this drug’s development journey and was privileged to work with some of the influential players in the BTK inhibitor saga. Part II invites readers to the world of monoclonal antibodies, especially the CD38–targeting antibodies. These are a cornerstone of treatment in multiple myeloma, and the development of anti–CD38 class of drugs runs somewhat parallel to ibrutinib’s story. In part III, I highlight what I believe is the finest and the most fascinating modality in cancer treatment: cell therapy. Novel modified antibodies, bispecific or multi-target, also feature in part III.

The scenarios described in this book are a reflection of reality, but the science, the competition, the exchanges, the successes, and the failures are true events. These scenes alternate with quick doses of historical background, scientific narratives, pharmacological concepts, and clinical-development steps. In some instances I’ve replaced the code names of medicines and names of people with pseudonyms. All other information presented is factual, including approved drug names, their targets, mechanisms of action, and regulatory processes. When appropriate, I provided references to scientific articles or books.

Since I don’t want to disappoint any prospective reader, here is a clarification: this book is not about the history of drug development, nor does it cover basic pharmacological concepts in detail. Interested readers are referred to other sources in the chapter notes for understanding the scientific principles of drug discovery.

Finally, in this book I try to emphasize the human beings behind drug development—the men and women who are bright and skilled and who dare to cure.

One day that person could be you—the architect of the next big therapeutic.









Prologue

June 2018
Houston, Texas

On a sweltering day with temperatures soaring above 102 degrees, I found myself lying on a hospital bed, staring at the anesthesiologist, feeling somewhat dizzy.

I was being evaluated for lymphoma—a form of blood cancer. Although I didn’t have obvious signs, a persistent rise in my white blood cell counts over a period of several weeks couldn’t be explained easily. The less sinister causes of high counts were ruled out. Both I and my primary care doctor agreed this needed to be followed up by an oncologist. A lot of cancer diagnoses were incidental, I knew all too well.

A bone-marrow biopsy was the way to peek at my blood cells factory and to potentially confirm such a diagnosis. My oncologist colleague preferred to do the biopsy under anesthesia due to some preexisting conditions I had. I broke my right ankle a few years before this, and my left knee would be fractured a few months later, which might imply I was a professional football player. But I was no athlete—I just had an uncanny knack for injuring myself in the oddest possible ways (such as fracturing my feet while trying a new footwear—crazy, I know).

Usually, a family member accompanies the person who is about to undergo a painful procedure to potentially confirm such a devastating diagnosis of cancer. I couldn’t manage that.

My wife was very pregnant at the time with our son, and she would give birth to him about a month later. Battling her own conditions and complications, she was taking care of our two young daughters at the time. She insisted on going with me—but who would take care of our children? I would not allow her to go, given her own situation. My coworkers respectfully declined to help since the biopsy fell on a weekend, and they would be out of town.

I was in a difficult position. Should I go alone?

Turns out, there are people who provide care to those whose loved ones cannot accompany them. At the MD Anderson Cancer Center, my employer at the time, this wonderful, elderly Houstonian lady agreed to be my caregiver for the day. She played my mother or aunt, pushed the wheelchair around, stood beside me when I blacked out, took me to the recovery room, and out of sheer generosity drove me home to my family afterward.

I have a complicated relationship with chronic pain: it has been my lifelong companion. I expect this uninvited friend to be with me for the rest of my time in this blissful hell, and there is not much I can do about it. Although my pain tolerance is a lot higher than the average individual’s and I don’t usually complain, an amazing thing happened after the anesthesia—I didn’t have any hint of pain anywhere in my body, possibly for the first time in my adult life. This was so unbelievably awesome—I felt like lying there all day long.

“How’s it going, doc?” asked the anesthesiologist. “You just passed out!”

“Never been better!” I was jubilant. “Can’t really blame Michael Jackson for using that s—t”—that was my nod to Propofol—which was the agent used to knock me out for the procedure.

“Take it easy, my friend,” he said with a smile. “You will be confused for a while. Don’t marry or divorce anyone in the next few hours.”

I accepted the very sound advice and did none of that, although I vaguely remember asking a pretty nurse to go out to lunch with me later, to which she said, “I will write it down, Dr. Ahmed—in case you are confused!”

Then began the scariest period of my life: waiting for the results to come back. What would it show? Do I have lymphoma?

I was no stranger to cancer. I treated cancer patients, and I am a physician-scientist focused on battling cancer for a living. My professional life has been centered around identifying and testing new treatments for aggressive cancers, specifically, cancers of blood cells. And yet, through these moments of anxiety and dread, which started with my visit to the oncologist in my own workplace, I experienced for the first time what thousands of others experience every day in different parts of the world.

How far has it spread? How aggressive was the tumor? What’s survival like for different types of lymphoma?

In a matter of days, it all went upside down for me. I didn’t have a grip on anything that was happening, as if I were watching a fast-paced movie that barely gave any time for the audience to recover from the action. Certainly, my employment at the nation’s premiere cancer center helped, but I began to realize nothing can prepare anyone for such situations. Not even me, who was seasoned by witnessing the impact of the tyrannical emperor of all maladies pretty much every day. This experience brought me closer to my patients and their caregivers than I would have ever imagined.

My bone-marrow aspiration test results came back after about two weeks. I didn’t have lymphoma or any other unusual cell. But I did have something: certain suspect mutations or changes in the cells collected from my biopsy.

I reviewed the results with my oncologist.

“What does it mean?” I was curious. It was not nothing.

“They tested your bone marrow aspirates for some commonly known genetic changes or mutations that are associated with cancers,” the oncologist, for whom I have the deepest respect, replied.

“Did we ask for them to test it?” I asked. Turns out, the oncologist did not ask for testing for potential cancer-causing mutations in my specimens, but the molecular pathologist did it anyway. They called it panel testing, which meant checking for certain high-risk mutations in patient samples.

I wasn’t particularly impressed. What was I supposed to do with this knowledge? Either you found cancer, or you didn’t—but this mutation was a cliffhanger.

So I tracked down the molecular pathologist who signed off on the report the following day. We were actually very close—working on a project together at the time.

I showed up at her office with the results in my hand, “What to do with this?”

Apparently, it was a routine procedure to run these genomic analyses in biopsy specimens. In my case, unfortunately, some hits were found. The abnormal genes were circled with a red marker in the test report. These genetic mutations were not actionable, meaning there wasn’t much I or the oncologist could do about it other than follow up routinely.

“And needless to say to you,” my oncologist stressed, “don’t sit around if you feel anything unusual.”

What these mutations really revealed was that deep in the DNA of my cells, in the marrow, there were possible roots of abnormal growth. Did it mean I would have cancer soon? Not really. Neither did it mean that I had no such risk. It all had to be correlated clinically. Since I had no abnormal cell identified, a diagnosis was not made. The decision to return for regular follow-ups was a no-brainer.

Thankfully, my high white blood cell counts started to drop in subsequent tests, and I went into a watchful waiting mode. But that didn’t leave me with much peace. What if the behavior of my lymphocytes changed drastically? What if they became aggressive? In essence, I became a citizen of “cancer land”: a constant state of anxiety for the unknown. It was like a killer lurking in the shadows, waiting to attack me. I became that spy who constantly looks over his shoulder, always looking for his assassin.

I couldn’t help thinking about my family. With three young children, my wife would be in a helpless situation if I wasn’t around. Several iterations of events continued to play in my mind constantly—What will I do if a diagnosis is reached? What remedy will I seek?

In the world of cancer treatment, chemotherapy is an essential tool. Whether it’s blood cancers, such as lymphoma or leukemia or other forms of cancer in different organs (we call them solid tumors), treating with a chemical agent, or a few chemical agents together, is strongly considered. Of course, surgery and radiation are two major treatments.

The principle of using chemo to treat cancer depends on the main character of cancer cells: they grow rapidly. Chemo kills fast-growing cells and mounts a strong defense against the aggression of cancer cells, treating fire with fire. But some normal cells, which also grow fast, such as hairs, nails, and normal blood cells, became the collateral damage of this war between chemo and cancer.

This is where targeted treatment bursts into the cancer therapeutics scene. Instead of attacking all fast-growing cells by a chemical agent (or several agents), these newer treatments look for features that will ideally be present only in cancer cells and not in normal cells. The targeted treatments destroy the cancer cells, preferentially affecting the normal cells minimally.

To create such a targeted treatment, scientists need to figure out the peculiarities of cancer cells—a change, or abnormality not always visible on the outside of the cells but may present inside of them as an unmistakable identity. These peculiarities or cancerous changes can be mutations in genes, like what was found in my samples. But the trouble is, how do you know that the mutated genes are the driver of cancer and if they are, how will you target these with a drug? That requires sophisticated analysis and careful interpretation of genetic data, as well as a thorough understanding of the link between mutated genes and cancer.

If someone had pirated this book you are reading now, before we could declare that copy of the book as pirated, we’d need to have an original title to compare it with. Page for page. Similarly, we needed a complete collection of all genes in humans, also known as the genome.

Consider a library full of books as the genome, and each book in that library as an individual gene. Once we have a full library, we can then take out a book and compare that with the pirated copy. A mutated gene needs to be compared with an unmutated gene to understand the differences between them. Then comes the part of creating drugs to target these specific genetic abnormalities, if possible.

A significant challenge for researchers has been that no reference library for the human genome existed—at least not until the start of the new millennium. This changed with the successful completion of the human genome sequencing in the year 2000. What followed was, in my opinion, a golden period for targeted treatments in cancer care—from non-chemo drugs with relatively simpler chemical structures to versatile monoclonal antibodies to immunotherapy, including unique cell therapy.

This is a story of drug development adventures. Our tale will take you to the workshops of pioneering scientists like Paul Ehrlich and to the cutting-edge laboratories of modern-day drugmakers. We will walk the halls of some of the finest hospitals in the world with cancer doctors and researchers who chaperoned revolutionary immunotherapy. Throughout this journey, our patients—survivors and warriors—will inspire you to embrace positivity.









Part I

The Big Journey of a Small Molecule









Chapter 1


Decoding the Map of Life

In science credit goes to the man who convinces the world, not the man to whom the idea first occurs.

—Francis Galton


The Wondrous Database

June 26, 2000
East Room of the White House, 
Washington, DC


A race was on before the very eyes of the public—a sprint to decode the human genome, the collection of information hidden in the chemical bonds of our DNA. The ever-mysterious unit of biological information—the genes—collectively called the genome, was about to be demystified. At least that’s how it was portrayed by newscasters around the world, leading up to the summer of 2000.

President Bill Clinton, flanked by the leaders of the public genome project, Craig Venter and Francis Collins, entered the East Room as I watched a live broadcast of the event in the dining hall of the dormitory I was living in at the time among a group of fellows.

Clinton approached the lectern as Prime Minister Tony Blair of Britain joined the meeting via video call.

The declaration of human genome sequencing didn’t register as a breakthrough to me. It wasn’t immediately clear how this would lead to new treatments for serious diseases. But the science of genes intrigued me much, courtesy of a high school biology teacher who introduced the concept of heredity and genes. So I decided to pay attention.

“Today, the world is joining us here in the East Room to behold a map of even greater significance.” Clinton compared the human genome to an early map of the American frontier created by the courageous first explorers of the continent of North America about two centuries ago—one much admired by President Thomas Jefferson. “We are here to celebrate the completion of the first survey of the entire human genome. Without a doubt, this is the most important, most wondrous map ever produced by humankind.”

What kind of map can be called wondrous if it doesn’t lead to an amazing treasure? I wondered as my roommate declared it was just a gimmick. Son of a successful surgeon turned politician, my friend was not known to withhold his opinions—especially when it concerned political actors. But I kind of agreed with his view.

It was hard, even for an eloquent speaker like Clinton, to convey the significance of the project, to explain what it meant for humans. We, the superior biological species on this planet Earth, like to think in a clearly directional way. It’s inherently difficult for us to completely understand the idea that every human—every single species on Earth for that matter—carries genetic codes inside their cells that, with the proper tools, can be deciphered. This decoded knowledge can be used to advance science and to possibly cure diseases.

For us, early career medics, codes implied playing with numbers and combinations, which we typically associated with computers and robots. And yet, we humans hold inside ourselves the greatest codes of life, which determines a lot of things for us even though we may not know it.

“Genomic science will have a real impact on all our lives,” Clinton declared. “It will revolutionize the diagnosis, prevention, and treatment of, most, if not all, human diseases.”

It sounded completely fascinating but over the top.

“In coming years, doctors increasingly will be able to cure diseases like Alzheimer’s, Parkinson’s, diabetes, and cancer by attacking their genetic roots. Just to offer one example, patients with some forms of leukemia and breast cancer already are being treated in clinical trials with sophisticated new drugs that precisely target the faulty genes and cancer cells, with little or no risk to healthy cells.” Then he quipped, “In fact, it is now conceivable that our children’s children will know the term cancer only as a constellation of stars.”

This was brilliant from a speech perspective, fitting for the grandiose occasion. But the optimism sounded far-fetched to my ears. How could cancer be only known as a constellation soon when it meant a death sentence for the vast majority of us today? When seemingly all that the medical community could do was to delay the inevitable with rounds of chemo when the disease has progressed? I had fresh memories of a patient whom I had started on chemo merely a few days ago. I wished we had something better to give him, something that wouldn’t make him so sick, a new medicine that could cure him and would prolong his life meaningfully without causing suffering from the medicine’s side effects.

The day’s proceedings played out in the White House.

Applause filled the East Room as Tony Blair spoke from across the Atlantic over the video feed. “I would like to single out the Wellcome Trust, without whose vision and foresight, Britain’s 30 percent contribution to the overall result would not have been possible. And I would like, too, to mention the imaginative work of Celera and Dr. Craig Venter, who in the best spirit of scientific competition, has helped accelerate today’s achievement.”

Venter was a central figure in the genome sequencing saga. Born in Salt Lake City, Utah, in 1946, he was a Vietnam veteran. Experiences in the war left Venter wanting to understand more about human mortality and ways to confront it. He became a scientist and was initially drawn to protein molecules, which take care of many of the functions inside cells. His focus moved on to molecular biology and inevitably, to genes. To me, Venter represented the boldness and ambition of groundbreaking research. His grand vision was to categorize all human genes and translate this knowledge to drug target discovery.

On the day’s event, Blair’s nod to Venter and Celera Genomics, the company Venter founded, was a testament to the role the maverick scientist played in the human genome project. Venter was provocative and often rebellious: a force when it came to molecular biology. A veteran of the National Institute of Health (NIH), Venter had earned a reputation as the bad boy of biological science. Ever so entrepreneurial, he saw opportunity in patenting human genes with a view to restrict genetic information to the privileged. Venter filed preliminary applications to patent some 6,500 human gene sequences in 1999, which drew a lot of fire from academics. What’s more, his company Celera Genomics expected to keep filling these patent applications for nearly 20,000 to 30,000 genes—although Venter presumed only about 100 to 300 of these patents might ultimately be kept, a number he’d previously mentioned to the U.S. Congress. The Clinton administration’s efforts to combine Celera’s genome sequencing endeavor with the NIH’s public project was a way to stem the controversy that, after all, “God’s handwriting” should not be controlled by a private corporation.

“In a few moments, we’ll hear from Celera President, Dr. Craig Venter, who shares in the glory of this day, and deservedly so because of his truly visionary pursuit of innovative strategies to sequence the human genome as rapidly as possible.” It was Clinton’s turn to shower praise on Venter. “And I thank you, Craig, for what you have done to make this day possible.”

It was not accidental that two top leaders on both sides of the Atlantic took a moment to congratulate Venter first. The speed at which the human genome was sequenced was largely attributed to his unorthodox, and sometimes, brash approach to scientific discovery. This public show of celebration and solidarity came after months of politics, arm-twisting, and active engagement between Venter and Collins, aided by the Clinton administration.

Before Venter could take the lectern, the room would hear from Collins.

“Science is a voyage of exploration into the unknown. We are here today to celebrate a milestone along a truly unprecedented voyage, this one into ourselves,” said Collins.

At fifty, Collins was a polar-opposite figure to Venter. Taller, leaner, with a flock of boyish hair, Collins was also a firm believer of God—an evangelical. He spent several minutes explaining the importance of the project’s success before handing it over to Venter.

“Articulate, provocative, and never complacent, he has ushered in a new way of thinking about biology.” That’s how Collins introduced Venter to the audience.

With a smile on his face, Venter approached the microphone. Then he stooped behind the lectern, appearing to position a small platform, before stepping on it.

“I am shorter than the previous two speakers,” he said. In true Venter fashion, he drew some laughter and applause.

“At 12:30 p.m. today, at a joint press conference with the public genome effort, Celera Genomics will describe the first assembly of the human genetic code from the whole genome shotgun method. Starting only nine months ago, on September 8, 1999, eighteen miles from the White House, a small team of scientists headed by myself, Hamilton Smith, Mark Adams, Gene Myers, and Granger Sutton, began sequencing the DNA of the human genome using a novel method pioneered by essentially the same team five years earlier at the Institute for Genomic Research,” Venter said.

He went on to outline that Celera scientists had unlocked complete genetic codes of five individuals, two males and three females, who were Hispanic, Asian, White, or African American.

We now know that any two human beings are 99.9 percent the same in the genome. We are practically identical twins and thus race cannot be defined biologically. But one can appreciate that these racially diverse individuals were selected to perhaps offer a unifying theme that we are not so different after all.

To me, Venter’s speech was remarkable for his optimism that the power of genomic data would revolutionize cancer treatments. He said, “Each day approximately two thousand die in America from cancer. Because of the genome efforts that you’ve heard described by Dr. Collins and me this morning, and the research that will be catalyzed by this information, there’s at least the potential to reduce the number of cancer deaths to zero during our lifetimes. The development of new therapeutics will require continued public investment in basic science, and the translations of discoveries into new medicine by the biotech and pharmaceutical industry.”

The new treatments that Venter alluded to were targeted treatments for cancer. By sequencing the whole genome, his goal was to uncover specific abnormalities in genes that were potentially risky—that might give rise to cancer or other diseases. In turn, new medicines could target those risky anomalies to switch off cancer. If certain cancer cells have peculiar genetic features, new medicines could target those peculiarities to kill those cells preferentially.

I thought both Clinton and Venter were too bullish about what could be achieved from the genome project. Cancer is a complex disease and often a single cause for cancer cannot be found. And to be clear, targeted treatment was not invented by Venter nor did it spring from human genome sequencing. In fact, the first targeted treatment for breast cancer had been approved in 1977. But when it came to identifying molecular drivers of cancer, the pace of discovery was slow. With genome sequencing, Venter promised to make available the genome that could unlock our DNA, allowing other scientists to work on the genetic basis of disease and possibly accelerating new drug target discovery. He even offered to give the mapped genome in a DVD to any researchers who wanted it, which I thought was artful.

And so, a new millennium kicked off with excitement for creating targeted drugs for cancer. These drugs were of two main categories: small molecules and large molecules. The small molecules were a dominant class in general medicine already. They are molecules that weigh less in terms of molecular weight—under 1,000 Dalton to be precise. From aspirin at the start of the twentieth century to the blockbuster medicines of the present time such as atorvastatin or Omeprazole, the chances of you having several small molecule drugs in your cabinet is very high. These small molecules typically have simpler structure, are taken by mouth, and have predictable behavior once inside the human body. The large molecules are, well, larger and heavier, and they are also known as biologic. Although not as ubiquitous as small molecule medicines, biologics were fast becoming a feature in medicine.

For cancer treatment, small molecules were not widely known as effective drugs in the year 2000 with only a few exceptions. We were still very dependent on combination chemo for a wide variety of cancers, and there weren’t many small molecules powerful enough to fight cancer cells.

That was about to change.



The Workshop of a Chemotherapist

1877
Berlin, Germany


Paul Ehrlich, a medical student at the University of Freiburg, peeked through his microscope for the thousandth time. His observations had been confirmed over the past few months on numerous occasions, Ehrlich knew he had discovered something special.

Dyeing clothes to make them colorful had gained a lot of popularity in Europe by the mid-nineteenth century. Royals and fashionistas were in love with their colorful gowns. From Empress Eugene of France to Queen Victoria of England, silk clothes exhibiting beautiful aniline purple became a rage with the ladies. There were competitions on both sides of the Rhine, and several entrepreneurs in Germany and Switzerland were already engaged in a fierce race to dominate the new global market as the demand for dye staining in the clothing industry skyrocketed.

But Ehrlich, a laboratory scientist and a medical doctor, had something else in mind. He applied dyes to different biological cells and tissues. Some cells picked up color quickly while other cells or tissues did it more slowly or not at all, Ehrlich observed.

What happens when I use other types of dyes? Ehrlich asked. He was a perfectionist: in his world, answers could only be found through repeated, precise observations.

He went on to experiment with different dyes and concluded there must be a relationship between cells and dyes. Depending on the attractions between specific dyes and cell types, it was possible to separate them under the microscope. Some dyes mixed easily with water, and these dyes happened to stain most tissues. It was possible to separate different cell parts too—nucleus, cytoplasm, granules—based upon the level of staining.

But he seemed to not be able to stain brain cells or spinal cord cells at all, Ehrlich noted in his lab journal. This resistance to dye uptake by nerve tissue would later come to be known as the blood-brain barrier—a boundary that determines what enters the brain.

Ehrlich honed his dye staining techniques in the following years and soon gained a reputation. No one was able to match his talent at devising methods to stain various cells in the human body as well as bacteria. He separated different blood cells—red blood cells, white blood cells, and others—by dye-staining methods, something today’s modern hematology laboratories still do. Soon after graduating from Freiburg, Ehrlich went on to work in the Charite Hospital in Berlin along with Robert Koch, a pioneer of microbial causation of disease theory.

More than a century before human genome sequencing, Ehrlich’s attempts to identify different cells and cell compartments had a similar goal: the creation of new treatments. By genome sequencing, scientists aimed to identify and target specific molecular features that would only be applicable to a cancer cell, with a view to kill it. Ehrlich’s methods of staining and categorizing cells also resulted in a therapeutic approach. He envisioned that when cells become infected with a tiny microbes such as a bacterium, it might be possible to kill the microbe using chemicals without harming the host cells. He called such a chemical agent a “magic bullet”—a form of targeted treatment that would only eliminate the infecting microbe, leaving the host cell unharmed.

In his quest to create a magic bullet for malaria parasites, Ehrlich used a dye named methylene blue. He treated two malaria patients with it successfully, but the benefit of the dye as a treatment wasn’t better than the standard treatment for malaria at the time. Ehrlich concluded that although the dye had attractions for the parasite, unfortunately it had toxic effects on normal cells as well.

Ehrlich’s search continued for finding a better chemical agent.

Finally at the dawn of the twentieth century, Ehrlich created a new compound to treat another infectious disease that was wreaking havoc in the world: syphilis. The molecule used was a chemically modified form of arsenic, called arsphenamine, created in Ehrlich’s laboratory in 1907. It took him a few more years to present the data to the scientific community. And when he did, Ehrlich coined a term to describe the actions of a drug class that became synonymous with cancer for the next century and beyond.

“Now, ladies and gentlemen, I may perhaps take the liberty of inviting you to look into the workshop of the chemo-therapist.” These were his words at the 17th International Congress of Medicine in 1913. The arsphenamine molecule—the first chemotherapy—was called 606, that is, the six hundred and sixth molecule tested by Ehrlich and his colleagues in his laboratory against infectious organisms. The molecule came to be known as Salvarsan—the “arsenic that saves.”

Soon the toxicity of Salvarsan came to light. It had to be used for a long duration, more than eighteen months, and the patient needed twenty injections to complete full treatment. Moreover, Salvarsan had to be given in combination with other drugs, which resulted in unpleasant side effects such as nausea and vomiting. Ehrlich needed a better molecule with a more specific effect on the disease-causing microbe.

An enhanced version of Ehrlich’s molecule, Neosalvarsan, was marketed in 1914, and it shortened the duration of treatment for syphilis. Unfortunately, the side effects persisted. It was not until 1930 that scientists identified the active compound of arsphenamine, which then became the standard treatment for syphilis until penicillin was invented.

Ehrlich did not use chemotherapy to treat cancer patients, although he envisioned a drug class that could preferentially target cells that multiply quickly. Chemotherapy for treating cancer became mainstream during and in the immediate aftermath of World War II. When people were exposed to nitrogen mustard gas, it led to a reduction in their white blood cell count. This early observation prompted further research into chemical agents that killed rapidly dividing cells, and in 1943 a lymphoma patient was treated with a cell-killing chemical called mustine. The next fifty years would go on to establish chemotherapy as the cornerstone treatment for cancer.

But how does chemo work?

Every time a new cell is formed, it must go through a series of phases to become mature, known as the cell cycle. Chemo, broadly, targets the maturing process of the cell either by damaging its DNA directly or interfering with the building blocks of DNA so that the cell can’t grow or multiply. The principle of using chemo to treat cancer depends on the main characteristic of cancer cells: they grow rapidly. But some normal cells, which also grow fast, are also destroyed in this war between chemo and cancer. The side effects from chemo are mainly due to this broad-brush killing of rapidly growing cells.

Chemo, along with surgery and radiation treatment, can cure several cancer types, and for some patients with advanced cancer, chemo might be the only option. There is no question that even in modern-day medicine, chemo is a strong weapon against rogue cancer cells that are persistent, aggressive, and rapidly increasing in numbers. As good as chemo regimens are, however, there’s room to create more specific treatments, more precise medicines that will target cancer cells only, sparing the normal cells.

Modern-day maverick Venter thought of doing just that: inventing new drug treatments that would change the world of cancer forever through application of knowledge of genomics. 

Venter had a plan.



Celera’s Quest in Creating a New Drug

By the start of the new millennium, Celera Genomics had already made a huge splash on the scientific front: they had succeeded in decoding the human genome and assembling the first draft of the wondrous map. Frustrated by the slow pace of the government-backed Human Genome Project, in 1998 Venter famously launched his own private effort to sequence the genome two years earlier than the public project, which was led by Francis Collins of the National Institutes of Health. In the end it was a tie between Venter and Collins: both reached the finish line together.

In his approach to unlock the genome, Venter employed a previously known technique to identify human genes known as shotgun sequencing. The actual process can be imagined as this: assume the human genome to be a very long thread linked by knots (i.e., chemical bonds). Now, instead of counting all the knots in the original long thread, it is cut into many small pieces. A machine known as a sequencer can read the codes in these tiny pieces of threads. These codes from the random sections of threads are then fed into a computer program, which puts together the long thread based upon readings from the short segments. This method was never used on such a scale as Venter did, and the possibility of errors was there, but Venter envisioned this would save time and money. Scientists could use it as a primary reference to conduct more studies.

Venter knew all too well that the true potential for unlocking genetic information was to find new treatments that had commercial value. He wanted to build on Celera’s strength of owning massive amounts of data from genome science and use that information to identify meaningful drug targets. The targets would then be validated and new medicines would be developed. However, all this required expertise and skills in research and development, which Celera didn’t have.

And so, Venter introduced his new play, this time in creating drugs. He announced the acquisition of Axys Pharmaceutical Company.

Based in San Francisco, Axys was a thriving biotech that focused on small molecule new drugs that would target key biological processes in cells. Their workforce had strong capabilities in medicinal chemistry and structural biology. With the Axys Pharmaceutical merger, Venter hoped to welcome a skilled team onboard that could form a connection with Celera’s genomic data. The goal was to create candidate drugs that would be able to target specific molecular features, exploit any weakness in the disease-causing pathway, and hopefully turn it off.

Celera obtained a few drug candidates from Axys that were still in pre-clinical phase: small molecules that targeted enzymes, which are tiny ribbon-like structures cells employ when they need to get something
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