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    Foreword by Mark Dant 
 
      
 
    Up until the moment my son Ryan was diagnosed with the rare disease mucopolysaccharidosis type I, also known as MPS I—an event chronicled in detail in the pages that follow—I had so many plans, hopes and dreams for the future. 
 
    I pictured years of Ryan in school, in Little League, at graduations, marriage, even grandchildren one day. I pictured my wife Jeanne and I having more children, getting promotions, moving to a bigger house. 
 
    From the moment of Ryan’s diagnosis, thoughts of tomorrow brought too much pain, so we simply stopped dreaming. We were told his disease would end his life within the decade and was so rare that there was not only no treatment or cure, but there was no hope of ever finding one. 
 
    What do you do when there is no tomorrow? Where do you go? To whom do you turn? Who would help us find our son’s tomorrows when we were told there is simply no hope? 
 
    All of those questions were answered the moment we found Emil Kakkis. 
 
    At the time, he was a young scientist at UCLA, nearly 1,500 miles from where we were in Texas. We were on a quest to find information about this rare disease, which led us to the brilliant Elizabeth Neufeld at UCLA, who had contributed so much to science’s understanding of MPS. Dr. Neufeld pointed us to Emil, and suddenly we had hope. 
 
    Emil’s knowledge of MPS and his concern for his patients fueled his efforts to find a treatment. We immediately began raising money under a new tag line: “Funding Science—Finding Hope.” 
 
    After meeting Emil and witnessing first-hand his drive to treat, Jeanne and I began to look past the loss of the home and life that might have been for us, and instead began to dream of what might still be possible. 
 
    Of course, Emil ran into so many obstacles, whether in the lab, in the corporate world, or in his efforts to get the drug approved by the government. He never gave up. He kept his focus on Ryan and all the other children with MPS. 
 
    That is the story that Emil tells so compellingly in this book. 
 
    Once Emil developed the therapy to treat MPS and got it approved, he was not content to rest. He had a bigger vision, that there could be hope in science. He has always believed, and still says to this day, that we have the science we need to treat ultra-rare diseases, but we just can’t seem to get out of our own way. 
 
  
 
  
   
    So Emil started the EveryLife Foundation for Rare Diseases. Alone, a rare disease like MPS may only affect a few hundred people in the US. Yet there are more than 7,000 rare diseases and they afflict millions of people. The EveryLife Foundation brings us together, and gives us a voice commensurate with our collective numbers. We advocate not only for therapies, but for laws and regulations that bring these therapies to people. 
 
    My wife and I used to lie on the floor of Ryan’s bedroom listening to him breathe while he slept, wondering what would become of our precious little boy. Ryan had many struggles. He spent a lot of time in hospitals. He had a hard time making friends. 
 
    But as he had his health restored, he went to college, and he came to realize that every day truly is a gift. 
 
    As I write this, Ryan is a young man in his early 30s. He has earned his degree and found a career of his own. Jeanne and I will soon be able to experience one of the dreams we had packed away so many years ago. This summer, at his wedding, Ryan will walk arm in arm with the love of his life toward their own tomorrows. 
 
    We want every child with a rare disease to be able to dream just like Ryan. With the EveryLife Foundation, we are bringing the voices of rare diseases together. We are also bringing the government along with us, and with a tidal wave of great science, we hope to do it in time for all those other moms and dads lying on their children’s floor. 
 
    We’ve empowered so many patients who can now see that they are not alone. 
 
    They have hope. 
 
    I’m so glad you have picked up this book. If you or someone you love suffers from a rare disease, this book will show you that you can find a way. Find that young scientist. Call your legislator. Dreams are found in every positive action. 
 
    And most importantly, never give up hope! 
 
    That’s the lesson that Emil Kakkis taught me when I first met him almost 30 years ago, and continues to teach me through his powerful example. I’ve said it before, but I can never say it enough: Thank you, Emil. Thank you for giving us our future. Thank you for giving us hope 
 
    Mark Dant, Louisville, Kentucky, March 25, 2021 
 
  
 
  
   
      
 
      
 
      
 
      
 
      
 
    A man who finds possibility where others see futility. He digs his hands into the hard earth to grow kaleidoscopic gardens. Its flowers shine impossibly bright, as if made with magic. He is a restless gardener, giving his blood and sweat to create something immortal. What a gift he gives, that of tireless devotion, and how blessed we are to receive it in its myriad shades. 
 
    – Albert Aris Kakkis 
 
      
 
  
 
  
   
      
 
    Chapter 1: The Moment of Truth • December 1997 
 
      
 
    I stood at my patient Justin McComiskey’s bedside, looking down at his pale abdomen. I wondered if what I had worked toward for the last six years would finally come to fruition. The examination I was about to conduct might tell me that the therapy was working, or it might tell me nothing was happening at all. I expected it to work. I was sure it could work. But maybe I got it all wrong. Maybe I missed something critical. Maybe all the preliminary results were just fooling me into thinking what would happen, only to crush my hopes under the hard, unpredictable reality of human clinical research. 
 
    A simple touch could reveal so much. By reaching down and gently examining Justin’s abdomen, I would feel if his enlarged liver was smaller and softer. Last week, when it was rock hard, I administered the first treatment, an infusion that had shown success in animals but had not yet been given to a human. If his liver had softened, I would get an immediate clue that the new drug might be working, and we could be on our way to a new treatment for his terrible disease. If it was still solid and rigid as granite, I could be headed back to the lab to continue my search. 
 
    As I stood there at the bedside, I thought about all Justin had been through to get here. I looked at his face and, as always, was shocked and saddened by his appearance. Even a physician does not get used to seeing a child in that state. For the parents, the changes in their child’s facial features happen so gradually that they almost forget what he looked like years before. This rare disease leaves the body unable to break down complex sugars, which then accumulate in the face and body, disfiguring and deforming the patient. Such a small, simple, chemical mistake—yet, for this boy, a lifelong struggle. 
 
    My heart sank and my throat tightened just looking at him, knowing what was happening. I reminded myself again that this frail child of only 50 pounds was really a 17-year-old man, living in a tiny, deformed body ruled by a cruel and rare genetic disease. 
 
    His oversized head was typical. Justin had a large forehead and a bony skull sparsely covered with wiry, coarse hair. His prominent brow jutted forward with an irregular bone and excess, unruly eyebrows. His coarsened face had a depressed nasal bridge, a broad nose, puffy cheeks, and a large mouth with a large protruding tongue and tiny, pointy teeth. Although he was an intelligent teenager, his small size and abnormal appearance often caused doctors to think he was either very young or mentally deficient, so they would talk to him in a child-like fashion, which he greatly resented. This made it hard for some physicians to engage the patient and family. 
 
    Families like Justin’s often find it too emotionally painful to go out for a simple meal. Every time they leave their home, the staring public serves as a disturbing and disruptive reminder of their plight. Strangers cannot take their eyes off the unusual face. Those stares only heighten the sense of affliction, the loneliness of being singled out in all the world to be attacked by this strange disease. For this reason, most families rationally adapt to a more reclusive home life as the illness progresses. A few boldly go out, pretending to ignore that anyone is watching. Such a social stand takes great strength, an added test for all involved—the child, foremost, but also the parents and any sisters or brothers. 
 
    The features of coarseness and thickening led doctors decades ago to call this disease “gargoylism,” because the patients appeared to them like those carved stone figurines that adorn the eaves of old cathedrals in Europe. Some have speculated that perhaps the gargoyles themselves were modeled after the patients of that era, thinking their distorted faces and bodies might have been taken over by demons, making them somehow appropriate to scare away other evil demons. But the disease is not caused by demons; these are just children blindsided by fate at one tiny but crucial place in their systems, setting in motion a series 
 
    of progressive biochemical changes, followed by degenerative physical changes that happen throughout their entire bodies over a period of years. No longer called “gargoylism,” the disease now has a scientific name, mucopolysaccharidosis type I, or MPS I for short. 
 
    The name of “mucopolysaccharidosis type I” is such a nearly unpronounceable scientific jumble that it becomes part of the sad joke that strikes when parents are finally informed about the reason for all of the problems affecting their child. Many doctors can’t remember it, and many of those who can don’t know how to say it or spell it. Even fewer have any recollections of that fleeting moment in medical school when these ultra-rare diseases passed in front of them. 
 
    When parents then search for information about MPS and see pictures of children with advanced disease, the shock and devastation are complete. It is one thing to face mortality, but another indignity altogether to be tortured by an illness for years, with a slow inexorable decline to death. Since their child is in the early stages, the parents’ denial and anger come forward, as they try to comprehend impenetrable biochemistry and genetics. Often, the parents become skeptical of the medical system as they try to grasp how the doctor could possibly conceive that their child has this horrible, disfiguring, fatal disease when their child does not look like the patients in the medical books or on the internet. 
 
    Parents wonder: “We’ve never had anything in our families before, so how could we have a genetic disease?” 
 
    MPS is a recessive or hidden inherited metabolic disorder. All of us have some broken genes, failed instructions for our bodies to know the way to remake ourselves. But most of us are fine, as we have two copies for everything, inherited from our parents. When dad’s copy doesn’t work, mom’s does, and vice versa, so we escape disease, oblivious to the imperfections that lie within all of us. But when we unknowingly meet someone with one of the same broken genes, both broken copies can end up in one child. Without dad to cover for mom, or mom to cover for dad, the child is short the complete set of instructions to make all the tools needed for the body to work right. He or she has been struck by genetic lightning. 
 
    For MPS I, this happens about 1 time in every 100,000 births. There are thousands of genetic diseases, each one rare, but in total, they are nearly as common as heart disease or diabetes, affecting 10 percent of the population, or millions of patients. Three percent of all babies have major medical problems, such as a genetic disease. Each occurrence is a small piece of a large complex puzzle. Science still can’t explain exactly why or how this happens. In fact, the complexity of our bodies makes it a miracle that it does not happen more often. 
 
    As we lead our lives, even when we’re sitting around doing nothing, our body is continuously at work. You might think of the body as a big, old house. Cells are the rooms in the house, and they’re also the workers who build our organs and bones. Blood vessels are the hallways that deliver food and supplies to the cells. All of the cells or rooms in the body are continuously broken down and rebuilt again, like an old house under constant renovation. To do this renovation work, your body makes a large series of specialized tools, each designed with specific shapes 
 
    to do specific tasks, just like the tools you commonly find in a garage workbench. Some of the body’s most common molecular-sized tools are enzymes—specifically shaped tools that cause other materials to change by cutting them or adding to them. 
 
    We need thousands of specific enzymes to build and renovate our bodies. The bodies of MPS children are missing just one enzyme needed to cut off one special sugar in a long sugar chain. These sugar chains— mucopolysaccharides, or MPS chains—are used by the body much 
 
    like mortar is used in actual construction. All of our bones have MPS chains, acting like mortar, holding together the bricks of bone mineral and combining with collagen strands to form a solid, strong, reinforced cement—your bones. 
 
    Even your bones, as static as they seem, constantly renovate and remodel. It is critical for the strength of bones that they respond to stress and use. Different types of MPS chains also lubricate your knees with 
 
    a slippery liquid. Others make your cartilage rubbery and resilient, providing the spring and bounce needed when you run. Indeed, a large number of different types of MPS sugar chains are found everywhere in the body, doing critically important things. The MPS material in many tissues needs to get constantly recycled. In those critical processes, if the body lacks one specific enzyme, called iduronidase, it cannot do the work. Unlike a weekend craftsman, the body can rarely substitute a different tool and still get the job done. For children who lack the one crucial enzyme, the whole recycling process is blocked. When the recycling of MPS stops, this complex sugar chain material begins to accumulate everywhere in the body, thickening the 
 
    bones of the face, swelling the skin, stunting the growth of cartilage, and engorging the organs. 
 
    The body reacts to this with irritation and scarring. Over the years, the toll of this battle shows in the disfigured face, abnormal bones and engorged organs, as well as in many challenging ailments that arise. In an MPS child, every system in the body will have a medical problem affecting it. Any one of these problems would be enough to disturb the life of any family. MPS children get all of these problems together, in a seemingly random sequence and combination. One problem attacks and then—while the parents and doctors are distracted—a second problem jumps out, sometimes with a lethal blow. 
 
    For Justin, MPS I’s degenerative process began in infancy. As he lay before me now, his body did not seem nearly as shocking as his face, yet it too showed all the signs of 17 years of sugar accumulation and injury, thickening and deformation. The bones in his neck didn’t grow well, leaving his head practically resting on his shoulders. He had a tracheostomy—basically a hole put into the front of his neck to allow him to breathe, with a tube connecting his lungs to the air outside. This trach tube helps MPS patients breathe better, as their large tongue and tonsils block the upper airway, making it hard to inhale, especially at night. Justin often had excess sputum that gurgled with each breath. 
 
    Hearing the phlegm gurgling in his trach tube, you couldn’t help but want to cough for him, to clear it. I would catch myself clearing my throat in sympathy. He was used to this state of compromised breathing and would gurgle until the mucous reached an intolerable level. 
 
    He could not seem to clear his lung infections or tube infections, even though he was on antibiotics at least half of his life. By now, he was most likely colonized with a very resistant hospital bacterium. As 
 
    often happens in medical science, the trach tube and drugs solved one set of problems but caused others as well. The tube triggered moisture and drainage that irritated his skin, and the antibiotics made him prone to an overgrowth of fungus. He now had a secondary fungus infection, with little red bumps, redness and irritation, like a severe diaper rash, around the tube. 
 
    Examining his ribcage and skeleton revealed how much his bones had been affected. MPS inhibits bone and cartilage growth and made his rib cage small, narrower at the top and flared below, bulged by his 
 
    enlarged internal organs. His abdomen protruded from the enlarged liver and spleen, filled up with the sugar material that his body cannot break down. His arms and legs were shortened and irregular in shape, with bony knobs over the knees and thin atrophied muscles in his legs. His hips, knees and elbows were permanently bent from the swollen, scarred joints and unable to fully extend. He had not been able to straighten 
 
    up since he was a young boy. As time wore on, the pain and stiffness enforced less movement and therefore more stiffness, a vicious cycle that led to being nearly unable to move without pain, cruelly culminating to a point at which just sitting still was painful. 
 
    I had made the mistake just a week before of trying to help him move in his hospital bed. He howled in pain, at least as best as he could through the trach tube in his neck, which interferes with his vocal cords. 
 
    His mother Lynnda quickly interceded, pushing me out of the way. Justin screamed expletives through his trach tube at me, which only his mother could interpret. Lynnda smiled and chuckled, but courteously declined 
 
    to translate for me. But she let me know how much pain the movement inflicted and cautioned me about the delicate process of shifting him without hurting his back or hips. Even though I had been studying the biology of the disease for years, the incident made me realize how little I actually knew about how to manage these patients when so small a task goes wrong. 
 
    Justin’s hands were most devastated, as is typical for this disease. His fingers were short, stiff, bony, and curled, unable to fully close or fully open, usable for only a few simple tasks, if any at all. The skin on his knuckles was smooth, since he had not been bending his fingers much over the last decade. He needed someone else to do his gripping and tying. His misshapen palms had no muscles to open the hand and oppose his thumb to allow a good grip, so he used his hands like mitts, clapping them together to grasp things. When he tried to eat a hamburger, he could not bend his wrists or his fingers to be able to hold the burger. 
 
    Instead, he put one hand below the burger and one above, gripping it between the two hands. Such a maneuver is hard to do even if you have good hands, but these children amazingly adapt to their reality, however absurd it may be. In this progressive declining condition, they have been waiting for years for a treatment but were without hope, as so little research was happening. And now he is here with me. 
 
    The challenge for people like me—a physician and scientist devoted to patients with MPS I—was doing something to stop the course of the disease. Our concept was to make some of the missing enzyme in the lab and then give it to the patients, replenishing their supply in a way their own bodies had failed to do. Would it work? We were about to find out. 
 
    Perhaps it was too late for someone like Justin, but I had learned not to judge what people want or need from treatment for a chronic disease. The lesson came at my very first MPS family meeting, a boisterous, contentious gathering in June 1991. I saw MPS families boil over with anger when a doctor told them a procedure was too risky to try in their older children. The families wanted their children to survive, and they were willing to accept the risks and take care of their children, whatever happened after the transplant. 
 
    Doctors may find it challenging to allow people enough knowledge and insight to connect the reality of the situation with their own view of the best outcome. Still, they need to engage and do it, and the paternalistic, old-style doctor deciding “what is best” for the family is rarely what people want anymore. 
 
    Standing at Justin’s bedside, contemplating the enormity of the moment and reviewing everything before me, I must have shown my anxiety over the whole experiment while thinking about the exam I was about to do. Justin’s mother interrupted my thoughts. 
 
    “Is something wrong, doctor?” she asked. 
 
    “No, no, not at all,” I said. I feared I had just violated a cardinal unwritten rule of pediatric health care: “Don’t make faces while examining someone’s child.” Parents are sensitive. At that point, I had a child of my own, so I did appreciate her reaction. 
 
    Just then, Justin’s gurgling got a little louder. He paused momentarily, made some choking sounds, and then a huge, explosive blast of a cough shot out of his trach tube, sending the trach filter cover flying like a gas- powered rocket. It flew across the hospital room, sharply hitting the far wall, trailed by a jet spray of mucous particles. Justin was gagging and coughing phlegm everywhere. 
 
    I immediately spun toward the wall for the suction, but there was no tubing there, just the container, and I hesitated a moment to figure out if I should run for the suction or stay with the patient and call the desk on the intercom for help. I didn’t have a chance to do either. His mother sprang from her hospital chair and dashed into action. She pulled out 
 
    a canvas bag from under the hospital bed and unzipped it, her hands diving into open pockets in the bag, pulling out parts and pieces without needing to look in each space. The speed and efficiency could only come from years of middle-of-the-night, on-the-job nursing training. A battery-powered suction pump appeared from within the bag and was powered on and buzzing. She kept pulling out items, putting on gloves, and assembling the kit—suction tubing, a small suction set for the trach tube, and a single use container of saline. She soothed Justin while she set it all up and, with the skill of an intensive care unit nurse, deep- suctioned him via his trach tube. She hit the phlegm quickly, twirling the tube down, just deep enough until his airway was tickled, leading 
 
    to coughing, and then back out, the thin suction tube down his throat dancing and spinning. She was constantly aware of how deep she was, so that she would not overdo the discomfort, and she talked to her son about what she was doing the entire time, keeping him calm. She then shot saline down his trach tube to loosen the mucous, then drove the end of the small suction tube down the trach tube again, dancing and spinning the tube with her fingers, pulling up the diluted and thinner mucous. Within a few moments, perhaps less than one minute, she had suctioned and cleared his airway. 
 
    I turned and started looking for the trach tube cover that had shot across the room. I noticed that half of the glass surface of the portable TV was covered with small chunks of mucous, but the other half was clean. I realized then that the clean half must have been shielded by my white coat. 
 
    “Are you okay?” Lynnda asked with some amusement. “Did he getcha, doc, with that blast?” She let out a slightly embarrassed chuckle at how Justin had phlegm-sprayed me, supposedly a holy member of the venerated physician community. I considered it a baptism of sorts. Or maybe payback. 
 
    “Oh, he probably got me a little; no problem. It happens all the time,” I said, not remembering when I had ever been sprayed quite so thoroughly or violently. Sputum did not bother me that much, compared to other body fluids that might get sprayed on physicians. 
 
    “You really can suction him quickly,” I said. “Do you usually do it that deep?” With as much tubing as she had used, she should have been pretty far down the airway. 
 
    “I have suctioned him for years, since he got the trach a few years ago,” she said. “I carry the suction pump with me ’cause we need to do it so much.” 
 
    “You obviously have had a lot of practice,” I said. 
 
    Lynnda was petite, but also incredibly strong. She had evolved into a full-time caregiver as her son declined into a 17-year-old who needed round-the-clock nursing. Two of her four children were the dedicated younger siblings, who had spent their lives growing up in a household with an ill older brother. Their selfless caring and support for their 
 
    mother and family was impressive, especially as they themselves entered the difficult teen years. 
 
    Many children rise to the occasion like few adults can, because they have no expectations to overcome. This is the only family they know. 
 
    Despite the help, Justin’s mother carried the burden of a decade and a half of MPS in her home, and her eyes showed the strain—saddened, tired, trying to be hopeful. She smoked nervously as a tonic for the adrenaline-fueled motherhood that comes with caring for an MPS child. She held her family together, and they became closer as they struggled with Justin’s disease and its progression. Her skills at nursing were only one of many things she learned in order to manage her MPS child at home. But she wasn’t here on this day for the usual care, to get through the latest crisis. She wanted something more, something better. 
 
    About three months earlier, I had called her when my proposed first study patient could not participate. I had thought that a stable patient  with a “mild” case of MPS would have the least risk. But in MPS, “mild” is relative. That patient’s condition turned out to be not so mild when she had open-heart surgery for a failing heart valve at age 17. 
 
    So I called Lynnda at home in Virginia and talked about Justin and his status. She noted that he was really mild and had been doing well, but did have a few problems. She clearly was concerned about his decline and was excited that this therapy might represent hope for survival. He had been in another trial years ago that failed, but she had no hesitation at all about being the first. 
 
    I knew he had a trach and needed a wheelchair, but did not realize how far along he was. Sometimes a medical problem list, as long as they are in MPS I, just doesn’t quite capture the actual patient. I had set his family up for a screening visit, a month before the first infusion. We flew Justin and his family out to Los Angeles, where the study was to take place. He would come in for a detailed medical history and physical examination, including baseline blood and urine tests to determine if he 
 
    was able to participate. I wanted to find out how sick he was and whether he had any current problems that might make taking part in a study 
 
    particularly risky. 
 
    Normally, investigators enroll their own patients who they know well. 
 
    But for rare disease trials, the patients are few and scattered, so they have to travel to the center for the trial. The medical records and phone conversations did not give me a full appreciation for how sick Justin was, until I met him for the first time during his screening visit. 
 
    When Justin and his mother arrived from Virginia at our humble research lab, his mother wheeled him into the hallway outside my office and smiled nervously. “Don’t you think he looks mild?” she said immediately, hoping to elicit a sympathetic response. I had the exact opposite reaction. I was startled at how advanced he was, barely able to move, gurgling with labored breathing. Justin may have been mild for 
 
    the severe class of MPS I patients called “Hurler” syndrome, but he was advanced for a patient with the intermediate or “Hurler-Scheie” form of the disease. His mind was sharp, but he looked ill and fatigued. He might have been just tired from the cross-country travel, but I didn’t think 
 
    that alone could explain his condition. He seemed to be at the end of his disease course, leaving me with a very difficult decision. Should I accept him into the trial now and risk something bad happening, given his advanced stage, or should I cut him from the trial and crush this family’s only hope? 
 
    This was my first potentially life-or-death decision and one I had hoped to avoid so early on. Would I run from trouble and protect the study with my original assumptions about who was the best patient? Emotionally, my heart went out to the family. But science is supposed to be based on rational thinking. I didn’t want to risk the entire program for one patient. At the same time, there was a scientific argument for accepting him into the study. What if his advanced state actually helped us see the benefits better? Even if we could not reverse his long-standing, highly progressed disease, there was still an opportunity for benefit. The 
 
    risks seemed manageable. We had built a number of protective steps into the program. But the downside was enormous. I had a real worry that a more fragile and severely compromised patient might suffer an allergic reaction that could cause tremendous harm. It might even kill him. A death early in the study could put a halt to the study and the development of the treatment. Having anything go wrong, even if it was 
 
    just a coincidental event not related to the treatment, could be disastrous. 
 
    At the same time, here was this very sick kid who desperately wanted to live. It seemed wrong to tell him and his family “no,” based on our preconceived notions of what the best 
 
    first patient would be. 
 
    Most families afflicted by chronic diseases are better able to manage risk than physicians might expect. Trying anything to stave off the inexorable decline makes life more bearable. Sometimes, it is not that the parents have an unrealistic hope of saving their children as much as they want to achieve the inner peace of knowing they tried absolutely everything within their power to save them. Families and patients also want to help others; they know that any information we gain in a trial may provide a clue to treating the disease in future patients. 
 
    After deliberating for a few days, I realized that I should proceed with Justin, both because he still had a chance to improve and because his advanced disease might show us more potential changes than a mild patient. With intensive oversight, we could manage the risks. In all honesty, there was one other factor: I just didn’t have the strength to say no. 
 
    Once the decision was made, we set up our infusion plan. We were ready to manage his airway if something blocked his breathing. We filled syringes with the right doses of allergic reaction drugs and put them right at his bedside. We would leave no chance that a momentary event would cause us to lose control over anything. We would proceed, poised and ready for a battle. 
 
    The first enzyme replacement infusion took place in the pediatric intensive care unit (PICU) at Harbor-UCLA Medical Center on December 19, 1997. This event was filled with importance for many stakeholders. The family had lived 17 years and participated in other trials, and here was their first shot at something dramatically different in which their son, even if he was coming to it late in the game, could participate. For Liz Neufeld—a legendary UCLA scientist and my mentor on the project—it was the culmination of 30 years of research that had taken her from patients to the laboratory bench and back again. 
 
    For the Ryan Foundation, which raised crucial money to support us, it was the ultimate achievement, a chance for a treatment. For MPS 
 
    patients worldwide, it meant that someone cared enough to try, even if it did not work. For BioMarin, the company sponsoring our research, it was a chance to succeed, which would not only build the firm’s reputation, but also lead to a potentially valuable product. For me and other people in the lab, it was the apex of a few intensive years of our lives, including a truly amazing, war-zone-like push in the final year. 
 
    The infusion happened, and we did celebrate. But did it work? 
 
    Now, a week afterwards, I went ahead with the abdominal examination that I had been both anticipating and dreading. Standing on the right side of the bed, I had Justin lying out as flat as he could tolerate, well-suctioned and breathing fairly clearly for the moment. I pressed down with the fingertips of my right hand on the right upper quadrant of his abdomen, just below the rib cage, where the edge of the liver hangs down in MPS patients. In normal people, you can barely feel the soft liver edge right at the edge of the ribs. But when it’s enlarged, the liver hangs down below the ribs, and the harder edge is easily felt. I still felt the liver edge present, just below the rib as before, but the edge seemed softer and more pliable. It wasn’t rock hard and nodular as it was before the treatment. I pushed with my fingertips up and down the edge of the ribs to explore further. It seemed consistent. I then tapped the abdomen and rib cage to find where the hollowness of the lung ends on the upper part and where the hollowness of the intestines begins on the lower 
 
    part. This would tell me the vertical span or size of the liver. I placed the third finger on my hand in various positions, rapping gently, and I could see that the span was a little smaller than the week before, about one or two centimeters less. Was I dreaming this or was it real? Did my wish for it to be true bias my exam and twist my senses? I searched for the spleen tip in the left lower quadrant, down between the left rib edge and the left edge of the pelvis. Again, this felt a little smaller and softer, though harder to determine. I redid the liver exam and tapped out the span again. It seemed definitely smaller and softer. Did I remember it correctly from the last exam? 
 
    “Is something wrong? How’s it look?” Lynnda’s voice broke my concentration. 
 
    “No, nothing’s wrong at all,” I replied. 
 
    I had an immediate issue which, despite all that preparation, I had not thought about. Do I tell the parents my impression from exams? 
 
    Would this prejudice the trial or cause some other problem? I did not like the idea of holding back information from parents during an open label study, in which everyone knew what drugs we were trying, and no one was on a placebo. But I worried about both overly positive interpretations as well as prematurely negative interpretations. I decided to provide an honest assessment, with the caveat that we should be cautious about interpreting the exams. I also advised the families to refrain from telling each other about what was happening. We needed to figure out what is going on as objectively as possible and not overreact to moment-to-moment changes in the results. The most important tests would be objective measurements, using urine tests or MRI scans, and they did not depend on my exam. 
 
    “Right now, it is too early to say what is happening for sure, and my exam is limited in being able to tell what is happening,” I said. “I do think his liver is a little smaller and softer than it was last week, which is good. We will see how the MRI looks after six weeks of treatment.” 
 
    Lynnda was pleased with the glimmer of hope in that comment. 
 
    Earlier, she had quoted a song in the Disney movie “Aladdin,” expressing hope that this treatment offered Justin “a whole new world.” Among a doctor’s major challenges is helping parents find that balanced emotional midpoint, with enough hope to keep going and caring for their child but enough realism to avoid a crash from the truth when something goes wrong. Justin was now perched on that point, and we would see what happened. 
 
    After laying out what Justin’s next weeks would be like—discharge from the hospital and weekly infusions on the fifth-floor research unit—I left Justin and Lynnda and made my way down the corridor toward the excruciatingly slow elevators. I wanted to get back to the office. I did 
 
    not see anyone on the long walk across the Harbor-UCLA campus to the research bungalows. I had time to think through what I would say to the staff. 
 
    I could feel a lift in energy on my walk, as well as a great sense of optimism. But as I got closer to the office, I became concerned about people getting too excited on a small positive result, when it could be transient, a prelude to bad results that would later crush their spirits. There had been this kind of false hope before in MPS studies, and I did not want to repeat the boom-and-bust emotional cycle. I also wondered whether my passionate desire to succeed could have tainted my exam. A physical examination is so low on objectivity and accuracy, how could I really know? I decided that I had to remain dispassionate, not reveal the details of what I found, and let the objective data drive the results. 
 
    I walked into my bungalow office area and ran into Barbara Lyons, the study coordinator. 
 
    “So how’s he doing? Any change?” She was as emotionally and personally committed as I was and had a bright look of anticipation. Her question popped my attempt to be reserved like a needle prick on a balloon. 
 
    “I may be dreaming but I am pretty sure his liver is smaller and softer, just by palpation. It definitely felt softer and seemed one to two 
 
    centimeters smaller, as best as I could tell. He seems to be doing pretty well…” 
 
    So much for restraint. It was too exciting to imagine that, after almost seven years of my work and 30 years of Liz Neufeld’s research, we were really doing enzyme therapy in patients, and it might be working. My career goal had been to treat one disease that had never been treated. 
 
    Now, at age 37, four years into my assistant professor position, I might be getting there. It seemed almost unreal that everything had come together. Patients like Justin and their families had such high hopes that a success would be transformative for them, as well as for the entire MPS community. 
 
    There was still a great deal of uncertainty. Yet for one small moment, after one exam on one patient who received just one dose, I felt like we would be right, and it would work. 
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
    Chapter 2: A Bake Sale for Ryan • January 1992 
 
      
 
    Mark Dant pulled three long tables and a few chairs from the back of his truck and dropped them on the walkway in front of the First Western Bank in Carrollton, Texas. He dutifully began flexing the legs out from the underside and flipped the tables up one by one. Then he unfolded the chairs. Back at the truck, he started taking out the boxes of cookies, cupcakes and assorted other baked treats that the women in the records department at the Carrollton Police Department had made for his sale that day. They all knew of the condition of his four-year- old son Ryan. Ryan’s decline was already difficult enough for Mark to bear, but now that he was sharing it with others, he had to deal with 
 
    all of those sad, well-meaning faces. As each kind person delivered their sympathy in a box of baked goods, Mark felt the burden of Ryan’s disease brought painfully into focus. He did not know what a bake 
 
    sale at a bank would accomplish, or what exactly he would do with the money, but he knew he had to do something. 
 
    Mark and his wife Jeanne had first settled in Carrollton, Texas, a north Dallas suburb of about 170,000 people, in 1984, when Mark was offered a job on the police force. Mark and Jeanne had known each other since high school in Louisville, Kentucky. On the surface, they didn’t seem to have a lot in common. “I’m large, she’s small,” Mark says. “I’m loud, she’s quiet. She’s a bit shy and doesn’t like speaking in front of a crowd. I’m outgoing and quite wordy.” 
 
    Yet the 5’3” Jeanne was sweet and kind, and when the Air Force sent 6’3” Mark to Germany after high school, she wrote to him every day. He finished his service in September 1981 and started working as a firefighter at the Dallas-Fort Worth International Airport. He returned to Louisville for their wedding in March 1982, and they used the long drive to Texas to plan their future. They decided they would work 
 
    for a few years—Jeanne was a computer programmer for American Airlines and was able to transfer to Dallas. They would save for the down payment on a house before starting a family. Mark wanted five children, like the family he had grown up in. Jeanne wanted three, like hers. Jeanne prevailed, and they also agreed they’d have at least one dog and live in a nice, large brick house. Life would be perfect. 
 
    They first moved to an apartment in Denton, Texas, 35 miles north of the airport. Jeanne transferred from the University of Louisville to the University of North Texas to finish her degree, and Mark enrolled there part-time while continuing to work full-time as a firefighter at DFW. 
 
    Mark started working with the Carrollton Police Department in February 1984, and they moved to that city. He was liked within the department, and the Dants fit in well in their community. Mark received the 1986 North Texas Police Commendation Medal from a local civic group and was named Police Officer of the Year in 1987, before he was promoted to the rank of sergeant. Sergeants must serve a minimum two years at that level; Mark was promoted to lieutenant two years and one month after making sergeant. At the time, Mark’s goal was to become a police chief. He had been promoted to patrol commander, when Ryan’s health issues first appeared. 
 
    Mark wanted to go to the bake sale in “costume,” as he thought his police uniform would help draw people to the table. But it turned out the police department had rules against wearing the uniform while raising money. “I had to change clothes,” he said. On the bright side, a local festival was underway, and lots of people were walking the streets, boosting traffic to his bake sale. A few friends came by and expressed support. 
 
    “Hey there, Mark, how’s it going?” the wife of one of his colleagues greeted him. “All of this stuff looks so good it is hard to choose.” 
 
    “Doing okay, Mary. I have sold a few things, but it’s early yet.” 
 
    She flipped through her billfold and spotted the dollar she needed to buy one of the large cookies but instead handed Mark a $5 bill. 
 
    “Mark, please keep the change. If there is anything we can do, please let us know, okay? We want to help you any way we can.” She looked around. “Where’s Ryan? Shouldn’t he be here to help?” 
 
    “Oh, he’s off with his mother to an appointment for physical therapy,” he said, “so I’m doing this alone today.” 
 
    Mark could not bring himself to reveal the real reason: He could not bring his child to a sale to raise money to save his life—when the child did not know he was dying. 
 
    Over and over, he would be reminded that day of the problem that had burdened him and Jeanne since Ryan had been diagnosed. A whole year had already passed, but Mark was still stuck at the beginning. Only in the last month had he and Jeanne finally realized they had to take some sort of action, if only so they wouldn’t feel so helpless. And hopeless. 
 
    Mark thought back to the day when everything changed for them— September 25, 1991. Their doctor had ordered some tests, just checking on some things he had observed about Ryan, and on that day, they met with a specialist—a medical geneticist—to learn the results. Mark had not thought much could be wrong, as Ryan was big and strong and doing great. 
 
    Ryan was born on April 13, 1988, a healthy 8-pound, 13-ounce, dark- haired, dark-eyed baby. He grew into a happy, active, cute little boy who loved to watch and play sports. Mark hadn’t played organized sports 
 
    as a kid, because his dad was a military man, and the family moved frequently. But his grandfather, a White Sox fan, lived with the family for a time in Stockton, California, and instilled in Mark a love for the game. Jeanne’s brothers were athletes, and when they moved to Texas, 
 
    Jeanne and Mark became fans of the hometown Rangers. “The night before Ryan was born,” Mark says, “Jeanne and I went to the Rangers game. She was as pregnant as can be. And it started pouring. We were out in the cheap seats. But instead of leaving, like a good husband, we went and bought ponchos and went back to the outfield. So Ryan says that’s why he loves baseball so much.” 
 
    Mark was involved in softball leagues and other community sports, and young Ryan watched his dad with enthusiasm. Father and son began playing catch as soon as Ryan started to walk. He was left-handed, which Mark, like any baseball-loving father, thought could be an advantage in his future. By age three, Ryan could throw the ball so hard that Jeanne would get mad if they played catch in the house; she was sure he would throw a ball right through their television. He was a big fan of the Texas Rangers and naturally gravitated to their star pitcher, Nolan Ryan. Young Ryan had a wardrobe stocked with clothes bearing Nolan Ryan’s number 
 
    34. Ryan could swing a bat and hit a ball like no other child Mark had ever seen. He loved to show off before and after Mark’s softball games by taking his bat and having Mark throw overhand pitches to him from quite a distance away. Ryan hated it if Mark pitched underhand to him, because “that’s not the way they throw on TV.” Ryan hit the ball well more times than not and would laugh out loud and raise his arms high over his head when the adults cheered for him. Mark laughs at the memory of Ryan running the bases between Mark’s games, ending each trip with a picture-perfect slide into home. Ryan was also precocious socially, often talking to adults as if they were on the same level. He had a natural ability to be the center of attention. He was a star. 
 
    Life started to change during a routine visit to his pediatrician, Dr. 
 
    William Coco, for a school and sports participation checkup, when Ryan was nearly three-and-a-half. Ryan’s head had always been large for his age, but the family and doctor had discounted it, since Mark’s head was big as well. This time, his pediatrician had pushed his hands onto Ryan’s stomach to feel the organs inside, in a normal abdominal exam, and 
 
    felt that his liver was also too big, hanging down below the level of his lowest rib edge. Dr. Coco could also feel the tip of Ryan’s spleen on the right side, where it does not usually present itself. Astutely, the doctor thought that the combination of problems indicated the possibility of a genetic condition. Rather than unnecessarily scare and confuse Jeanne with his suspicions, he felt it was better to refer Ryan for further tests without overstating his findings. 
 
    During the examination, Jeanne thought she saw Dr. Coco unwittingly betray, ever so briefly, a deeply mournful expression. Was this just a routine additional check or was something really wrong, she wondered. Yet the pediatrician quickly composed himself, noting that he made the referral simply out of an abundance of caution, just to make sure everything was okay. Jeanne relaxed a little. Dr. Coco’s office even helped her out by making the appointment with the medical genetics specialist at Dallas Children’s Medical Center. This was an astute move, as the Dants later learned that those appointments can take weeks, if not months, if they had called on their own. 
 
    Jeanne took Ryan out to the car and headed home. As she drove, her mind kept coming back to the sad look on Dr. Coco’s face. He knew something that he was reluctant to share, and she couldn’t help thinking it must be something terrible. Or was she just over-thinking this? She was very quiet when they got home. Throughout that evening, she kept reliving that expression on the doctor’s face. She could not really tell Mark about that look, as it seemed too minor or fleeting an observation to fixate on. Mark didn’t worry about the referral at all. Ryan was clearly a strong and healthy kid. 
 
    The day of the appointment with the geneticist arrived. Mark was working night shifts at that time, from 3 to 11 pm, so Jeanne took Ryan for the examination. Mark was still oblivious to the situation, but Jeanne was getting increasingly tense. 
 
    Ryan and Jeanne arrived at Dr. Lewis Waber’s clinic at Children’s Medical Center in Dallas. The clinic was crowded with people and their sick children. Jeanne checked in with Ryan and waited a short while before being led into an exam room, and soon Dr. Waber, the geneticist, came in. Once the examination began, Jeanne could tell that this was no longer just a routine checkup. Dr. Waber noted Ryan’s head was larger and had a bit different shape, but Jeanne remarked that his father did have a large head. The enlarged liver and spleen were again palpable. Dr. Waber then noted that Ryan’s hands were not quite normal but had some bending or curving of the fingers, as if they could not straighten out completely. Given this specific combination of symptoms, Dr. Waber was already suspecting MPS, but he did not know yet which kind. 
 
    “He has some changes on his examination that suggest a serious problem, but we won’t know for sure until we test him,” he said. “We will have to take some urine and blood today to confirm the diagnosis.” Jeanne remembers that Dr. Waber mentioned MPS I or II and said Hurler or Hunter. She also said that he cited other possible medical conditions, but she felt like he might as well have been speaking French or some other foreign language, because she simply shut down mentally halfway through his talk. Ringing in her ears were the words “serious problem.” 
 
    As Jeanne took Ryan home, she felt the increasing weight of knowing that something serious was wrong. She thought about the complex names the doctor mentioned. “I couldn’t grasp how bad it was. He was saying words, but I didn’t know what they meant,” Jeanne said. “If we had 
 
    the internet then, that would have made a big difference. I would have looked it up. But because we didn’t, I was guessing at that point. I just knew that something wasn’t right.” 
 
    When Mark got home, he still would not believe that anything could be wrong. He clung to his own conviction that Ryan was such a strong, great kid. The doctor must be mistaken. 
 
    The day after that Dr. Waber visit, Mark and Jeanne had a special getaway weekend planned with old friends. They left Ryan with his grandparents and flew off to Florida. Mark had anticipated this trip for a long time and was looking forward to it, but all during the trip Jeanne was quiet and lost in thought. “I’m a practical person,” Jeanne said. “I had taken a book to read about time management. Once I got there, I thought, ‘I do not need to be reading a book about time management. 
 
    This is not important anymore.’ I remember being very sad about that.” Within a couple of weeks, Dr. Waber’s receptionist left Mark and 
 
    Jeanne a voice message asking them to come in as soon as possible for the results. She emphasized that both parents needed to come in. Jeanne’s foreboding grew. 
 
    With his evening shift, Mark had the mornings free, and he took Ryan to meet Jeanne at her workplace. They headed into the city together. Mark was dressed in his police uniform since he had to get to work immediately after the visit. 
 
    When they arrived at the clinic, they saw parents walking in all directions down the halls of the hospital, they're obviously sick kids either trailing closely behind them or being carried. Mark thought that all the adults had these odd looks on their faces—looks of deep worry and anguish—but the kids were still kids, stumbling around behind their parents. “Man, we don’t belong here,” Mark thought. “This just isn’t right.” He thought that they would just see Dr. Waber, he would tell them to watch out for some condition, and that would be it. He would take Jeanne back to her car and head off to work. 
 
    After a few moments, a nurse brought them into a small examination room. Jeanne and Mark sat down. Ryan sat on Jeanne’s lap, bubbly and chatty as always. As Mark got up to shake hands with Dr. Waber, he noticed the physician looked particularly serious. He had brought an entourage with him and Mark thought, “How are all of these people going to fit in here?” Dr. Waber introduced a genetic counselor and a family counselor, “which worried the heck out of us,” Mark said. 
 
    Dr. Waber asked Mark to sit back down. By now he had Mark’s full attention. He began by saying that the urine sample Ryan had provided at his last meeting gave him the information he needed to confirm his suspicion. Dr. Waber reminded Jeanne that he had thought Ryan exhibited signs of a disease called MPS. “I know he must have said mucopolysaccharidosis, but there is no way either one of us could have remembered the word, or how to pronounce it,” Mark recalled. Dr. Waber talked about Ryan’s hands, head size, liver size, his frequent upper respiratory infections. He must have talked about sugars in the urine, Mark said, but by that point, “My head started to spin with all the names and terms.” 
 
    Dr. Waber then moved on to Ryan’s future. “Ryan will probably lose the ability to walk and raise his arms,” Dr. Waber said. “Ryan’s hands are already becoming stiff, compared to normal children his age, and they will get worse.” Mark remembered this in particular, because it meant he didn’t consider Ryan “normal.” “With time, Ryan may become blind, deaf, and mentally handicapped,” Dr. Waber continued gravely. “Kids with MPS diagnosed at a young age, like Ryan, rarely live beyond the age of 10.” 
 
    That was the final emotional blow. Not just sick, but dead. The Dants were crushed. 
 
    The genetic counselor then quizzed the Dants on their family history. 
 
    She said that since the condition was genetic, any children they had in the future would have a one in four chance of having MPS as well. Mark said, 
 
    “It was as if we had been hit with several death sentences at once: Ryan’s and his future brothers and sisters…. Children that Jeanne and I knew at that moment we would never have, though we never talked about it then or later. It was just assumed without a word between us. We would have to devote everything to Ryan.” 
 
    “That’s when I finally looked at Jeanne,” Mark said. “She was completely pale. She wasn’t making any sounds, but I know she was crying, because I remember Ryan, who was sitting on her lap, was now facing her instead of facing the doctors.” The boy “reached his hands up to her cheek and wiped off some tears with the back of his hand. I have that mental picture burned into memory for some reason. Even at that age, Ryan used the back of his hands to do things rather than the front. I remember fighting the urge to cry and trying hard to concentrate on what Dr. Waber was saying, but probably failing.” 
 
    Mark asked what treatments were available. Dr. Waber mentioned bone marrow transplantation but noted that the death rate for the procedure in MPS kids was about 20 percent, and it optimally had to be done before age 2. “There is really no other option, and no treatment,” he said. Mark pressed him further for other answers, or information from research, and that’s when the doctor mentioned the “business model” problem that existed for rare diseases. 
 
    “Mr. Dant, you have to understand how these things work,” Dr. 
 
    Waber said. “MPS is a very rare disease. Very few researchers are hired to work on treatments, since probably only 200 or so kids like Ryan live in the entire U.S. There’s no way a company can fund research for such a rare disease, because there is not enough of a market. They simply would have no return on their investment.” 
 
    Mark kept pressing Dr. Waber for any possible glimmers of hope. Finally, Dr. Waber said, “Mr. Dant, take your son home and love him while he is with you. There’s simply nothing else that can be done.” 
 
    Mark sat in stunned silence. Tears streamed uncontrollably down Jeanne’s cheeks. Ryan tried to console his mom, not knowing what all this meant. 
 
    The family finally left the office and walked back to the front desk to schedule follow-up appointments. As Mark stood waiting for the paperwork to be completed, he noticed everyone was staring at him and his family. At first, he thought it was because he was wearing his uniform. Then he realized that tears were streaming down his face as well. He and Jeanne were both crying, and the other families at the genetics clinic had been there before and knew what it meant. 
 
    As they started back to the car, Ryan wanted to walk. “This was the longest walk of our lives back to the car, none of us speaking, just walking stiffly and staring straight forward,” Mark remembered. “We actually didn’t speak to each other the entire ride home, except once. 
 
    After we put Ryan in his car seat, Jeanne and I sat in the front and stared forward. Jeanne kept crying, and she turned and looked at me and asked, ‘What are we going to do?’ I didn’t answer, but just sat there.” 
 
    Jeanne can still picture the three of them, riding home in the unmarked police car, a big Ford LTD, with Children’s Hospital behind them, and “the terrible feeling of knowing things were not going to be the same for Ryan from that point going forward.” 
 
    They drove home and put Ryan to bed. “Then we just sat in our living room for hours, not talking,” Mark said. “The PD called me later that night and told me they had found our other car in a parking lot near the highway and thought it had been stolen. I forgot we had left it there and asked them to just keep an eye on it. I did not go to work 
 
    that night.” 
 
    At first, the Dants were dazed. They found Ryan’s fate almost incomprehensible. “We did nothing for a few weeks, except mourn and weep,” Mark said. Jeanne was in denial. “It was really hard to accept at the beginning because Ryan looked so perfectly normal to us,” she said. “I clung to that belief. I thought, ‘We don’t need to be too worried.’ You would go through stages of accepting it and feeling totally out of sorts, and then you’d convince yourself, this can’t be as bad as they’re saying.” 
 
    “It was really hard for me to call and tell my family in Kentucky about it,” Jeanne said. “When I finally told my parents and my brothers, I gave them the impression, ‘Hey, it’s really no big deal.’” 
 
    But then it hit Mark: He needed to learn about MPS. “I started going to the public libraries. I realized I just could not sleep because I had no knowledge of what we would be facing, other than from that short visit with Dr. Waber and his team on diagnosis day.” 
 
    He started with the local library, where articles in medical journals made the horror of Ryan’s condition increasingly clear. Mark saw picture after terrible picture of MPS patients later in their lives. Their faces were coarsened and transformed far beyond Ryan’s early stage. They were stiff, deformed, and hunched over, with tongues and abdomens protruding. It was too much to take in. How could their beautiful child ever end up like that? 
 
    “I am still haunted by those pictures in the medical texts,” Mark said more than 20 years later. “I remember thinking those sweet children trapped in such deformed bodies were all smiling for the camera just like all children are taught to do when their picture is being taken. The only difference is there was always a black bar across their eyes, as if that would somehow hide their identity to the audience viewing the pictures. All I saw was their sweet innocent smile. It hurts even today thinking about it. I remember getting to the car after every library visit and just sitting there and picturing Ryan smiling in all of his pictures and trying so hard not to see his body change like the children in the photos.” 
 
    Dr. Waber had mentioned a conference for families with MPS that was taking place only a few weeks after their devastating visit. The National MPS Society, a patient group established for families of MPS kids, was meeting in Denver. Mark wanted to go and meet other families in the same situation and find out what was really going on in terms of treatment options. It was hard to believe there was nothing at all out there for them. He would go alone. Jeanne did not want to subject herself to the trauma of seeing real-life examples of what lay in store for Ryan. 
 
    Before this conference, Mark had never seen an MPS child other than Ryan, who exhibited so few symptoms. But almost immediately upon his arrival at the hotel, Mark began seeing many children with all of 
 
    the problems he’d seen in the photos. He saw lots of four- or five-year- olds, many eight- and nine-year-olds, and a few 12- and 13-year-olds, but nobody older than that. They were gone. He saw the severe facial changes and devastated joints of the older kids and teenagers. They were frightening to look at. He felt he was seeing his son’s future. 
 
    At the conference itself, Mark did not learn of any treatment options. The conference only emphasized how bleak his son’s life would become. Speakers talked about the need to make the children enjoy their brief lives as much as possible. 
 
    Mark returned to his hotel room to try to regain his composure. He had watched a kid struggle to take off his shirt because his arms were too stiff to raise them above his head, and he wondered how Ryan could possibly end up like that. “That one incident, coupled with watching a few other MPS I kids being pushed through the hotel in a wheelchair, and simply not seeing any older teenagers would not leave me,” Mark recalled. “I remember going back to the break-out sessions after that episode, and I sat in on the MPS I family group. The parents all seemed so brave to me, because they really weren’t complaining. They were comparing and contrasting stories of their very sick children, some of them crying as they recounted the stories of their past year, but nobody, not one, talked about any type of hope or belief that there was anything that could be done. One parent talked about wishing things were different but understanding how it was up to them to accept their child’s fate and help her have as comfortable a life as possible for however long she was with them. I remember lying in bed that night, thinking that our family life was simply over.” 
 
    Mark flew home, but he couldn’t bear to tell Jeanne much of what he had seen. “I would still find her crying in different parts of our house, and I thought if I told her what I had witnessed, which was actually a horrible glimpse into Ryan’s future, she would only go to a worse place mentally. Those were very hard months for us.” 
 
    Mark and Jeanne would put on happy faces for Ryan whenever he was awake, but once he fell asleep, Mark could see Jeanne’s shoulders droop and her face melt with sorrow. Mark looked the same, no doubt. “Our dream life was gone, and at that time, we simply had no hope. 
 
    Wishes simply were not working.” 
 
    Soon, Ryan started to have more and more problems. His snoring became so bad, he needed surgery to remove his tonsils and adenoids to help him breathe at night. The doctor kept an intensive care unit bed available after the surgery in case he had any complications. Most kids just go home after a tonsillectomy. Nothing would be easy with MPS. 
 
    “I can’t tell you how difficult that first year was after Ryan was diagnosed,” Mark said. “We had no family in Dallas, though we did have a few good friends.” 
 
    Ryan began having more infections and more difficulties doing routine activities. One of the hardest moments came one day, after Mark went down to a gym to play basketball with some officer friends to blow off some steam. “Ryan loved coming along and would play with me on the side baskets during the games,” Mark said. “That day, one 
 
    of the assistant chiefs, Mac Tristan, came to play as well. Mac brought his daughter Andrea, who was born in the same hospital just a few weeks before Ryan.” The kids had also stayed in day care together for a year. “After the games were over, and I was putting my sweats on near the bleachers, Mac came and sat down next to me. Both of us watched Andrea and Ryan throw a ball and run after it. Mac looked at me and actually started to cry. He had not seen Ryan for a while and had no idea that he had changed so much already. He noticed that Ryan had to push himself up from the floor with the back of his hands and fell so many 
 
    times as he tried to run. Mac asked me when Ryan had become so stiff. I was shocked. We saw him every day, and I guess we just didn’t notice how horribly stiff he was becoming.” 
 
    Ryan loved to play soccer as well, starting at age five. He played for a couple years, but then simply could not keep up. Mark asked him the next year if he wanted to go sign up for a team and “for the first time he looked at me and said with no explanation, ‘no.’” Mark 
 
    remembered him walking back to his room, looking defeated. “I think he knew he couldn’t play anymore, but he didn’t want to say why he didn’t want to play. I did not ask him because I, too, knew why.” 
 
    The last season Ryan played, he fell so many times, it was hard to watch. Once, in the middle of a game, he fell and simply could not get up. Jeanne and Mark ran onto the field and he was crying, in horrible pain. He told his parents that his stomach hurt so much, he couldn’t move. Mark picked him up and carried him to the back seat of their car, where he laid his head on Jeanne’s lap. “We took him to an ER, where the doctor told us he believed Ryan had torn a hernia. He ended up having two inguinal hernias and an umbilical hernia as well.” 
 
    Baseball remained Ryan’s true love. When Mark returned from Denver, he made Ryan a promise that he would play organized baseball with uniforms in the spring. He knew Ryan would only be four, and organized ball did not start until age five, but the Denver conference had taught Mark that every day counted. In February, Mark filled out the forms and listed Ryan as five, not four. Ryan shined for the first two years, but by age six, his throwing motion had changed completely, as had his batting. He could no longer throw much farther than from second to first. Knowing this, Mark formed his own team and became the coach. Mark ended up choosing the kids that were mostly left behind. “Ryan was our ‘all-time’ second baseman,” he said. 
 
    The efforts to maintain normalcy were doomed to fail. Step by step, month by month, Ryan got stiffer and weaker. When Ryan was eight, an umpire threatened to throw him out of a game once for “throwing the bat.” In fact, his grip was weakening so much that when he swung, it would fly out of his hands. Mark, not wanting to give up, decided to sew Velcro to a pair of batting gloves and super-glued the other half of the Velcro strip to the bat. Ryan wouldn’t throw the bat, but he still had to run to first base holding the bat. The days of playing baseball were coming to an end for him, and for a boy who had seemed so gifted in sports, this was especially hard to bear. 
 
    Ryan began experiencing severe headaches, due to fluid building up inside his head. These were excruciating, and often, when they were driving to a game, Ryan would turn pale and ask to stop the car so he could vomit. When his beloved Texas Rangers were finishing construction of their new baseball stadium in 1995, Ryan begged Mark to drive him the 40 minutes to see it. “Halfway there,” Mark recalled, “Ryan said he had a headache but refused to allow me to turn around. As we pulled into the parking lot, he couldn’t hold it anymore and threw up all over the front of his shirt. He started crying and said he was really sorry because all he wanted to do was see the stadium.” Mark cleaned 
 
    him up as best he could, and Ryan lay down in the back seat of the truck, falling asleep almost immediately. “I can remember feeling horribly sad for my son as I drove home from the parking lot of the stadium he so desperately wanted to see. My son’s life was changing more and more each day.” 
 
    After that, Mark would purposely drive the long way around the city to avoid going by the local baseball fields where Ryan might see other kids playing. He tried to help him avoid facing what he had lost, but he also changed his route for selfish reasons. Mark could not bear to see the fields himself. 
 
    By age five or six, Ryan started struggling in school, partly because he missed so many days due to illness or doctor appointments. At the end of first grade, his teacher summoned Jeanne and Mark to school and told them that she was not going to pass him to second grade along with the rest of his classmates. This was yet another blow, both to the family and to Ryan’s self-esteem. He was already slowing down on the playing fields, and now his friends would move on without him. 
 
    Jeanne and Mark began adjusting their schedules to manage doctor visits and to save up sick days and vacation time, so that once Ryan started having more complications or crises, they could take time off work. They planned at a logistical level, but they had not truly faced the beast in front of them. 
 
    Often in the middle of the night Mark would awaken, thinking about the Denver conference and the kids he saw, and immediately start to worry. Some nights he would find Jeanne gone from the bed. He would walk to Ryan’s room and find Jeanne there, “wrapped in a pillow and a blanket, lying on the floor next to Ryan’s bed. So I would get my pillow and lay there on the floor with her. Neither one of us would speak. We both knew what we were thinking about.” Mark spent several nights a week sleeping on the floor next to Ryan’s bed that year. 
 
    “I know this probably sounds morbid, but at times I would actually go over the specific tasks in my mind that I would have to do as the father when Ryan left us. I actually worried whether or not I would have the courage to buy a casket, pick out the clothes Ryan would wear at his funeral, and where I would buy a cemetery plot. I also knew I would buy three plots, one for Jeanne, one for Ryan and one for myself. Some nights, I would actually count the months and days that we had left with Ryan.” 
 
    It finally struck Mark that he shouldn’t just wait for the inevitable. 
 
    He was a competitor, not passive about the events around him. He could not let their sorrow consume them. They were wasting precious time when they should be trying to save Ryan. 
 
    Mark recalled that he got up one night and went to the kitchen. 
 
    As he sat there, he said to himself, “I am not a child, and I should stop just wishing for something to magically change. Wishing is what young children do at Christmas.” He did not like what he saw at that conference in Denver. “I felt such pain for them, but at the same time, I hated the fact that they all seemed to have given up. No matter what age their child was, they had accepted the fact that there was nothing any of them could do.” 
 
    The next day, he started asking people around the police department if they would be interested in helping with a fundraiser for Ryan. The clerks that worked in the records section volunteered to bake something so that Mark could raise money. “I felt so moved that somebody wanted to help. I said yes, and so the bake sale was born. 
 
    That night, not being able to sleep again, I lay awake and decided that I would start a foundation of some type to raise money for research, and we would start with a bake sale. There was no plan, no knowledge of how to set up a charitable foundation, and absolutely no skill in the art of raising money.” 
 
    That first effort in front of the bank did not look promising. After a few hours, it began to rain. As he sat on the sidewalk, Mark felt like the effort to raise money was futile. The rain felt like a message. 
 
    Cookies and cakes are not going to do it. He doubted the whole idea of raising money. For what? What would they do with the money if they raised any? In that moment of despair and doubt, a bank official came out and asked if he wanted to move the sale inside, to get out of the rain. This small act of kindness revived Mark, lifting him out of his moment of despair. Maybe others would step forward and help. 
 
    This little attempt at fundraising would in time expand into the largest private charity event in Dallas. But Mark could not even conceive that then. 
 
    At 4 pm, the bank was closing its doors and they reluctantly asked Mark to leave. He folded the tables one by one, packed up his truck in a slow drizzle, and headed for home. 
 
    In his driveway, he turned off the engine and stared at his small brick house on Alto Avenue. Mark and Jeanne had once assumed they’d trade up, move into a bigger house in order to manage the growing family they anticipated. But now, they would need to spend everything they had to help their one child through his life. He turned to the green cash box sitting on the front seat and counted the money from the bake sale. A total of $342, and no idea what to do with it. Somewhere, someone would need this money, but who? And what would that accomplish? 
 
    The rain started up again, drumming gently on the roof of the cab. Mark just sat in his driveway, listening to the rain. The same thought came back to him over and over. “This is the last house Ryan will ever live in, and he will never have any brothers or sisters to share his life with.” 
 
    All afternoon at the bake sale, the questions about Ryan had reminded him that he had to tell his son about MPS. He had to tell his son that he would die. Mark sat in the truck and thought, “How am I going to tell Ryan?” 
 
    Then his inborn determination kicked in again. He told himself, “He is not going to die, and I am not going to just let him die. I have to do something.” 
 
    Pellets of rain continued to hit the roof marking the passing of precious time, as Mark just sat in his truck and waited for Ryan and Jeanne to return home. 
 
  
 
  
   
      
 
    Chapter 3: Liz and the Mistaken Mixing Experiment 
 
    December 19, 1997 
 
      
 
    Pediatric Intensive Care Unit, Harbor-UCLA Medical Center 
 
    I stood at Justin’s bedside as the preparations were finished for his first infusion. He was partly propped up with pillows, and his mother hovered over him, anxiously waiting for their moment and “a whole new world.” 
 
    Janie Olsen, the ICU nurse, had inserted the IVs and hooked Justin up to a cardiovascular monitor and pulse oximeter. The machines beeped quietly in the background, tracking his heartbeats and his lungs. An IV bag with the enzyme hung over an electronic pump hooked up to Justin’s left arm. In his right arm, we had inserted a tiny plastic catheter to take blood samples during the infusion, enabling us to see, in real time, how much enzyme was entering his blood. Barbara Lyons, the study coordinator, was writing down readings on a clipboard, checking preparations, and setting up the enzyme vials for me to mix in the IV bag. We were all edgy with anticipation. 
 
    To commemorate the importance of the first infusion, I had invited a number of people. The production lab team, led by Becky Tanamachi, were all dressed in white coats. They were joined by support staff, research lab technicians, and the clinical staff of the ICU. The lab team’s faces looked a little ragged from the strenuous, year-long race to refine the enzyme for human use. 
 
    Mingling among the staff were John Klock and Chris Starr from BioMarin, the company that had funded the final push. Mark Dant was there and had brought his videographer James Jeter from Texas, along with a cameraman, Chris Brock, to record the entire procedure for supporters of the charity he had started, the Ryan Foundation. 
 
    Standing somewhat uneasily to the side was a woman with close- cropped, white hair, smartly dressed in a white blouse and black slacks. Liz Neufeld had hired me as a genetics fellow six years before, in 1991, to work specifically on this project. She had spent her entire career devoted to the search for an MPS I treatment and was now 
 
    one of the most decorated and respected scientists in the country. She had started with virtually no information about how MPS ravaged children’s bodies. Almost 30 years had passed since her research had reached a critical turning point: an accidental mixing experiment in her lab that revealed a new path to a treatment. But science moves slowly. Years of hard work crawled by without reaching the promised land. 
 
    So accustomed was she to the delays that, when I had called her a few weeks before to tell her about the first infusion, she was shocked and wondered how we had gotten there so fast. 
 
    “Are you really ready?” she asked, incredulous and nervous at the same time. “It seemed like you just got things going. Are you sure you’re ready to start treating patients?” 
 
    The remark was classic Liz. She had many strengths—insight, precision, critical thinking, tremendous care. But boldness was not among them. For Liz, science was a series of slow, methodical, sure- footed steps. 
 
    I certainly was ready for this particular step, even if it felt like Neil Armstrong’s giant leap. We had put in so much work, raised so much money, and run so many tests. Much of what we had accomplished was due to the incredible discoveries Liz and her fellows had made over 
 
    the years. Now I got to make the introductory comments to the first application of her science to human treatment. 
 
    “It took Dr. Neufeld and many fellows numerous years to go through the enzymology, the biology, the cell biology of this disease, and cloning the enzyme in 1991, and finally producing enough of the recombinant enzyme to be able to administer it to Justin today—the first dose.” 
 
    I said a few more words and then invited Liz to press the pump button that would begin the first infusion. She had voiced a concern to me earlier that something might go wrong after she started the infusion. 
 
    I reassured her that nothing would happen so fast, since the infusion would take hours to complete. The cameraman zoomed in. Liz placed her hand on the machine and, with her thumb, pushed the button. 
 
    Elizabeth Neufeld earned her biochemistry PhD from Berkeley in 1956, studying the complex cell wall sugars of plants. Learning the chemistry of how these sugars are assembled and broken down 
 
    prepared her for her later work on sugars in the MPS diseases. She had no thoughts of treatment, merely a passion to understand how things worked, taking them apart and recombining them in a test tube. 
 
    Liz spent several more years at Berkeley and then, in 1963, she secured a staff position at the National Institutes of Health (NIH) in Bethesda, Maryland. Her purpose was to research an important piece of the complex biological puzzle and establish a direction for her academic career. A thorough and critical thinker, she spent a full six months reading through the biochemistry literature to find a project that would break new ground. She knew she had to choose a direction that had real potential for a breakthrough. As a woman, she might not have a second chance, if the first project crashed. 
 
    At that time, newly invented techniques were changing the ability to study the biochemistry of human subjects. In particular, a new method for tissue culture was developed that could grow human cells in a petri dish. With this technique, scientists now had the ability to take skin samples from patients and convert them into a single cell culture that could be grown and divided many times. A scientist could conduct experiments on these so-called human fibroblast cultures in isolation. The living cell became a tiny experimental lab, replicating the difficulties afflicting a patient’s body and allowing the scientist to conduct precise tests to help figure out the defect. 
 
    After six months of reading about fibroblasts and other new developments, Liz was told by her advisor, “You have to pick a project, or I am going to give you one.” By that time, Liz had become intrigued 
 
    with an unusual set of patients who had what was called Hurler syndrome. They accumulated complex sugars called mucopolysaccharides in a part of their cells called lysosomes. These chains of sugars had special roles in the body, but little was known of these roles or their chemical makeup. Much of what we now know about sugar biochemistry had yet to be discovered in the late 1950s and early 1960s. 
 
    Hurler patients had aberrations in every part of their bodies, and they all died by age 10 or so. While the syndrome was rare, their health was dire enough to support doing this work at the NIH. Liz was particularly interested in the similarity between the sugar accumulation in these patients and the cell wall sugars of plants she had studied at Berkeley. 
 
    Another key scientific finding of this era occurred when Christian de Duve discovered lysosomes in Belgium in 1955. Lysosomes are the “stomach” of the cell or its “garbage can.” Anything that needs to be 
 
    broken down and recycled is transferred to the lysosomes, which are bags of enzymes that can digest anything. All that goes in—sugars, amino acids, and fats—is recycled there, brought back to the cell and reused. 
 
    De Duve’s discovery of lysosomes alerted scientists that the body has a process for recycling its materials. 
 
    Liz was joined in the NIH lab by a new post-doctoral fellow, Joe Fratantoni, a young hematologist. Joe had been studying the cells that make up the blood, as well as the plasma itself, which contains many critically important proteins for responding to bleeding or infection. 
 
    Although the Hurler patients Liz was studying were very different from those in Joe’s field of study, he was intrigued. He thought a concept known as complementation, commonly used in hematology, might prove useful in helping to treat Liz’s Hurler patients. 
 
    In complementation, a scientist mixes cells or plasma between two patients to see if the mixture fixes a problem seen in one of the patients. The idea was that one person’s cells or plasma might contain something missing from the other person and could make up the defect. The procedure of mixing plasma between two humans to restore coagulation has helped to uncover specific genetic deficiencies of the blood, as well as provide a temporary fix when patients suffered a bleed. 
 
    Joe and Liz turned out to be complementary themselves, as Joe’s background in hematology would prove vital in figuring out how to treat MPS I. 
 
    Their initial hypothesis was that Hurler patients overproduced GAG sugars (short for glycosaminoglycan, a modern biochemical term for what used to be called mucopolysaccharides or MPS.) They devised experiments to study the rate of production of these GAG sugars but found no difference. Joe repeated the experiment. Again, no difference. In the end, the result was irrefutable. The GAG sugars were not being overproduced. The production rate in Hurler cells was the same as in normal cells. Joe and Liz needed to find another theory. 
 
    The only other logical option was that the GAG sugars were not being broken down properly. Liz and Joe conducted some simple experiments labeling cells for several days. This time, they found that Hurler cells accumulated radiolabeled GAG sugars at a higher rate than normal cells. They could not recycle the sugars, so they just accumulated over time. 
 
    They now knew the basic concept for the defect in Hurler. 
 
    Around this time, the scientists Shannon Danes and Alexander Bearn of Rockefeller University published an important paper that showed that, when viewed under a microscope, the cultured cells from Hurler cells and what was then called X-linked Hurler cells (now recognized as a distinct disease known as Hunter syndrome) actually contained many more than usual numbers of engorged little sacs—the lysosomes, those little bags of enzymes that break down anything the body doesn’t need. Cells throughout the body have many of these sacs. The scientists Danes and Bearn noted that in MPS cells, the lysosome sacs appeared to be larger and more numerous than in healthy patients. Could that be the root of the problem? 
 
    What also perplexed Liz and Joe was that women who carried the Hunter syndrome gene did not have MPS disease at all, even though they expected half of the cells in their bodies to be affected. Half of the time, the X chromosome with the good gene for Hunter syndrome would be switched off, meaning that cell would have Hunter syndrome. The other half of the time, the mutated chromosome—the bad gene—would be switched off, and the cell would be normal. 
 
    Since biopsies of mothers with the Hunter gene were normal, what happened to the cells that should have randomly inactivated their good X chromosome and only expressed the mutated gene? Why weren’t they enzyme deficient and showing lysosomal storage? There should have 
 
    been some cells in Hunter carriers that looked like they had MPS disease, but there were none. Why? 
 
    Liz and Joe hypothesized that a deficiency of the breakdown enzymes might be causing the problem in MPS. If so, then perhaps the breakdown enzyme found at normal levels in some good cells of the Hunter mothers might somehow transfer to the bad cells. In other words, the good cells complemented the missing enzyme, keeping the mothers from developing the disease. 
 
    The obvious way to investigate this in the laboratory was to mix normal fibroblasts with the affected ones. Then they would see if the normal cells could fix the affected cells. Could the normal cells produce something to complement the abnormal cells, the way healthy blood complemented a hemophiliac’s blood? 
 
    Joe and Liz mused about this experiment for weeks. Joe’s experience as a hematologist supported the idea of complementing a malfunctioning cell’s condition with a normal cell. On the other hand, it seemed like 
 
    a far-out idea, and they were busy performing other tests, trying to figure out the basic defect. They kept putting off conducting the mixing experiment. 
 
    Then one fateful day—Tuesday, Feb. 6, 1968—Liz was working in the main lab, while Joe worked in the cell culture room, feeding fibroblasts with liquid nutrients. Feeding cells is not like feeding an animal. The cells grow on thin layers in the petri dish, and the liquid medium is added to them and mixed. Every few days or once a week, the cells 
 
    are removed off the plastic, using a gentle digestive protease enzyme. This enzyme clips the cells attachment proteins to the plastic, releasing the cells to float in the medium. Then the cells get diluted and divided up into more plates in a process called “passaging” the cells. The cells then reattach to the special plastic surface and grow again. The process is done in sterile conditions to avoid any bacteria or infection of the medium or the cells. 
 
    When Joe walked out of the lab that day, he felt that he had made a stupid mistake. During his culturing, in which he was passaging both Hurler and Hunter cells, he had accidentally mixed Hunter cells with Hurler cells and had put the mixture into new plates before he realized what he had done. A radioactive tracer had already been added. This compound was expensive, and Joe did not want to waste it. He told Liz what he had done, and she agreed to let the experiment run through 
 
    its usual cycle. This was not the experiment they had been pondering; instead, it was mixing two different disease cells. But they figured they might as well see what would happen. The radioactive tracer would accumulate in the GAG sugars and tell them if the accumulated total was abnormally high and or if it had been reduced and degraded over time, like normal cells. They wanted to see if the two different types of patients’ cells could complement each other. That was what appeared to happen in the body of a mother who was a carrier of Hunter’s syndrome. 
 
    They let the experiment run for a week. The following Tuesday, Feb. 13, Joe processed the cells. He scraped all the cells off the plate with a rubber tool and then extracted the cells with boiling 80 percent ethanol, which dissolves almost everything in the cell and dilutes out 
 
    the radioactive sulfate. The only things that do not dissolve are the GAG sugars, because they are very large and stay insoluble, forming a faint 
 
    cloud in the solution. With a centrifuge, you can spin down the floating white haze of GAG and see the tiny accumulated bit of GAG, now easily identified with radioactive sulfate. 
 
    Liz came over to join Joe as they put the mixed vials into the radioactivity counter to find out how much radiolabeled GAG had accumulated during the culture. A high level meant no complementation and the disease was untreated. A low level meant the disease had 
 
    been reversed. They stood by the radioactive counter as each vial was “counted” for radioactive content by the machine. It punched out numbers like a teletype machine. 
 
    The unmixed cells showed the same high radioactivity from excess accumulation of GAG sugars. The normal control cells came with much lower levels of radioactivity, as expected. Finally, out came the data for the mixed cells. Vial by vial was counted. The mixture of Hunter and Hurler cells behaved more like normal cells, with lower GAG radioactive counts. Finally, the last vial was counted, and they quickly graphed the results. It showed clearly that the mixture of two diseased cell lines now behaved like normal cells. This profound result was striking to Liz and Joe. They stared at the results and mulled 
 
    over the meaning. One cell could complement another cell. They were onto something that could help explain the disease—and, even more importantly, it suggested a treatment might be possible. 
 
    With time, Joe showed that just the conditioned medium liquid from around normal cells could be added to Hurler cells to fix them. Even human urine added to Hurler cells could fix the defect. They called this process “correction,” since they did not know what was happening. Yet if they could correct this problem in cell culture, it was not too hard to imagine a treatment for patients. Joe and Liz immediately thought about how they might do that, but it wasn’t going to be easy. The mystery of how correction worked would consume Liz and numerous post-doctoral fellows for the next three decades. 
 
    During the following years, a series of post-doctoral scientists working with Liz figured out that the mysterious corrective factor was an enzyme, a molecular tool made by the body to conduct specific biochemical reactions. The normal cells secreted this enzyme into the medium, and this was available to be taken up and treat the disease in the other cells. 
 
    Israeli geneticist Gideon Bach, working with Liz at NIH, discovered in 1972 that for MPS I, the deficient enzyme was iduronidase. Other scientists and researchers, including Bill Sly at Washington University in St. Louis (and later at St. Louis University), learned how the enzymes were targeted and taken up into cells via a special chemical signal attached to the enzyme, and how the enzyme ended up at the right place in the cell to break down the complex sugars that had filled up the cell. 
 
    Beginning in the late 1980s and extending into 1991, scientists including Liz Neufeld worked to purify enough of the iduronidase enzyme to clone its gene. For five years, they ground up dog testes (the best source of the enzyme at the time) to purify just a few tiny micrograms of enzyme. Using a new technique called protein 
 
    micro-sequencing, they determined the possible genetic sequence for how the enzyme was made and were able to clone the gene coding for normal iduronidase. Once they had the gene, they had the tools they needed to make large enough sources of the enzyme to see if it could work in human patients. 
 
    As Liz pursued this work, she rose through the ranks at NIH. In 1973, Liz was named chief of NIH’s Section of Human Biochemical Genetics, and in 1979, she was named chief of the Genetics and Biochemistry Branch of the National Institute of Arthritis, Diabetes, and Digestive and Kidney Diseases (NIADDK). In 1984, she moved to UCLA as chair of the biochemistry department, which is where 
 
    I met her. Along the way, Liz was honored with some of the most prestigious prizes in science, the Lasker Award in 1982 and the Wolf Prize in Medicine in 1988. A past-president of the American Society for Biochemistry and Molecular Biology, Liz was elected to both the National Academy of Sciences and the American Academy of Arts and Sciences in 1977, and in 1990, she was named California Scientist of the Year. I can’t begin to describe what an honor it was to call her my mentor. 
 
    By the time I joined her lab at UCLA in 1991, Liz’s team had cloned the gene, and I had the chance to develop the research for practical use. My project was to take this coding sequence of iduronidase and make enough enzyme using biotechnology techniques to be able to test it in dogs affected by MPS I. If it worked in dogs, I hoped to see if enzyme replacement would work in humans. 
 
    It was time for the human trial to begin. 
 
    “Liz,” I said, “it’s only fitting. You corrected it in cells 30 years ago. 
 
    It’s your chance to start it now. Let’s start the infusion.” 
 
    How could I not give her this moment? Thirty years of toil, amid uncertainty and heartbreak for all of those MPS patients, now found their way into giving hope to a new generation, represented by Justin propped up on his pillows. 
 
    Liz hesitantly walked over to the IV machine. Janie, the PICU nurse, pointed out what to press. Liz pushed the button. The room burst 
 
    into applause. 
 
    We all stood in awe of the moment. It was hard not to be teary eyed considering how important this experiment was to everyone in that room. For Liz, after all the years of toil. For Justin, an MPS kid with a dedicated family who was hanging to life by a thread. For me and the 
 
    lab, after a whirlwind final year making the enzyme. For BioMarin, having funded the work in the hope that it would help build the company while saving these MPS I kids. And for Mark Dant. He was seeing his dream of a treatment coming to reality. Ryan was still alive and would participate in the clinical trial and would have his chance to fight for a more normal life. We could not know what would happen next, but we were so thankful for the opportunity to find out. 
 
      
 
  
 
  
   
      
 
    Chapter 4: Never Treated Before • 1972. 
 
      
 
    The clicking and clacking got louder as the Super 8 film fed into the movie projector’s mechanism from the small white reel. Once it caught, it quieted down suddenly. An image then shuddered onto the little screen and my father, Albert, a neurologist, started narrating for 
 
    me. There were only three brief minutes of film, but that was enough to reveal what was happening. 
 
    “OK, you can see this patient barely able to move at all,” he said. “He can’t even move his arms when I ask. He is trying to lift his arms, but he has trouble responding to commands. And here you can see the shuffling gait. His legs are just stiff and unable to initiate movement. That’s common with Parkinson’s Disease.” 
 
    The patient was barely moving his feet, walking very slowly, with a tremor in his hands and a rigid body. Parkinson’s causes patients like this to lose the function of the parts of their brains that controls motor skills. 
 
    The film was over quickly. Then my father loaded in the post- treatment film, showing the same patient after he had received L-dopa, which is now commonplace, but at the time, around 1972, was still new and experimental. People with Parkinson’s have a defect in the basal ganglia, which are the part of the brain used to initiate action and to perform routine repetitive automatic movements, like walking or tying your shoe. The Parkinson’s brain is missing the cells that make the signaling compound dopamine. Scientists had discovered that these patients’ brains could be enhanced by giving them L-dopa, a chemical precursor of dopamine that enters into the dysfunctional part of the brain. The L-DOPA compound is transformed by the tissue into the dopamine the brain uses to send signals, enhancing the signaling function of the remaining neurons. 
 
    I knew something about the basal ganglia, as my father had plastic models of these brain structures on his desk. Looking at midbrain models may not have been part of a typical American childhood. But my father grew up during World War II in Greece, which instilled a certain seriousness in him. He did not have time to play. His life was all about neurology. 
 
    “Okay, here you can see how much better he moves now,” he said. “Look at him. He starts walking immediately after I ask him. He is not shuffling. He isn’t as stiff as he was before. This is the kind of thing we are seeing now. Let me show you others that are also impressive…..” 
 
    We looked at film after film of patients having profound changes in their ability to move. L-dopa was a breakthrough in neurology. 
 
    My father did not discover the drug, nor invent the strategy, but he was bringing this revolutionary therapy to his patients early in its development. It was easy to see why my father was excited. As a neurologist in the 1970s, he mostly made diagnoses of untreatable diseases and then helped patients deal with them. This was not just another bad disease, this was Parkinson’s, a terribly debilitating disorder that affected hundreds of thousands of people. But L-dopa transformed neurology. Being able to impact the neurologic function of a patient 
 
    in a rapid and profound way was a powerful, compelling change in practice—from delivering bad news about a degenerative disease to being able to actually do something about it. 
 
    As a 12-year-old, I didn’t know all the implications of what I was watching. These folks merely looked to me like old people shuffling about. At that point, I didn’t think I was going to be a doctor or a researcher. The moment, however, became etched in my mind. I could see that the patients were much better after treatment. But far more clearly, I remember the excitement my father felt at treating something that had not been treated before. Seeing his deep and profound gratification at knowing that he was moving medicine forward and doing something important for patients imprinted itself on my memory. 
 
    His Parkinson’s patients were not cured by L-dopa, but they had a few more good years, and their doctors had something they could try, even if it was temporary and imperfect. There is humanity in medicine simply in the act of trying to help. 
 
    A few years after my father showed me the Parkinson’s films, another chance event brought forth the humane side of medicine. During high school, I had a group of music friends over at my house after school, hanging out in the backyard. That day, my father surprisingly came home in the afternoon, instead of late, like 9 pm. One of my friends had brought along Allison, a rock singer from a group they were both part of. When my dad stepped out into the backyard, Allison immediately recognized him and ran up to him to give him a warm hug. “Dr. Kakkis! Hello, how are you?” She was so happy to see him. I wondered how she could possibly know my dad. Then I remembered her boyfriend had tragically died the previous year from a brain tumor. I later asked my father, and he confirmed that he had been the boyfriend’s doctor. 
 
    “What could you do for him?” I asked, assuming the young woman was thankful because my father had provided some great medical service, though I knew the tumor had been untreatable. 
 
    “I could not do anything for him,” said my father. “Sometimes the best you can do is just hold their hand.” He had helped her through her boyfriend’s dying process, and she was deeply grateful for him being there with her. 
 
    “As a doctor, you have to do that well too, if that is all you can do,” my father said. I understood there was something powerful about being there to help, whatever the outcome. Being strong and fearless in the face of terrible disease and just being present. 
 
    While he did teach me the humanity of medicine, he also showed me innovation in treatment and patient care. As a neurologist at St. Mary Medical Center in Long Beach, California, my father had always taken on new projects—often incredibly daunting challenges—with little support. Whether it was developing rehab programs for stroke patients or starting a fundraiser for the hospice program, he had always shouldered important causes and succeeded in changing the world around him. He was never swayed by naysayers, dragged down by those with an endless list of problems, but instead sought his own course, fueled by an eternal source of optimism based on what he knew to be right. He had the confidence that others would eventually see the world his way—the right way—and that they would join him on the journey to something better than the present. 
 
    I don’t know if he planned to convey that outlook to me. I didn’t think I had it in me, growing up. Yet, standing here at this moment, it 
 
    occurs to me that it was the path he intended for me: Meet the impossible challenge, do the right thing, and make positive changes happen. 
 
    In addition to those Super 8 films, my dad kept me engaged by bringing me to his office and taking me along on rounds. My interest in science grew throughout high school. I worked in the neurodiagnostic lab for a couple of summers. I planned to become a veterinarian. 
 
    My father quietly held out hope for medical school. He steered me to Pomona College, one of a cluster of liberal arts schools in Claremont, California, only a couple hours’ drive from our home. It was a school with an excellent record for sending its graduates to medical school, his colleagues had told him. 
 
    One summer at Pomona, I worked on a research project for Corwin Hansch, a renowned chemist regarded as the “father of computer-assisted molecular design.” Professor Hansch often worked for pharmaceutical companies, and one such firm gave him an assignment to run an assay for compounds that inhibit a plant photosystem in the same way as herbicides. When Prof. Hansch sought someone to run the assay, I raised my hand. 
 
    The project involved taking novel chemical compounds and studying how they interacted with proteins, similar to the sort of work involved in designing drugs. I dove into the work and found I really loved it. I became obsessed. I’d go in on weekends, stay late. That’s when the light bulb went off. Perhaps I should pursue a career in scientific research. 
 
    I found that the National Institutes of Health sponsored Medical Scientist Training Programs at several top medical schools around the country. It sounded ideal: an MD/PhD program, with all school tuition and fees paid and a $5,000 a year stipend. I could be a research doctor without accumulating any debt, which was the NIH’s idea—it didn’t want graduates to feel so burdened by the cost that they needed to open 
 
    medical practices and instead could pursue scientific knowledge for the benefit of society. I wasn’t entirely optimistic about my chances. Most of the programs had only a few openings each year, and UCLA had only three slots for each class in its new MSTP program. 
 
    Entering my senior year at Pomona College in September 1981, I started filling out my applications. To my surprise, my father made the drive to Pomona one weekday to see me, something he had rarely 
 
    done during my college years. We sat and talked about my applications and the process. I expressed my strong interest but also my doubts about getting accepted into these competitive programs, but my father confidently assured me that any program would be honored to have me. Although I always felt he supported me, he had never said this to me in quite this way before. I felt much better, in a way that seemed special to me, mainly because my father wanted to raise my expectations for myself, rather than whether I could get accepted or not. He walked out late that evening, turned back, and winked at me, goodbye. 
 
    My life was shocked the next day when my father died suddenly from a heart attack at age 54. I couldn’t believe I would never see him again. 
 
    I think he must have known he was in precarious health, but he was too strong-willed to let himself be the patient. 
 
    The whole family was disoriented and tumbled through the next year. 
 
    Yet I tried to keep moving forward. I completed my senior year and fortunately was accepted at UCLA’s MD/PhD program. The scholarship and support suddenly mattered. 
 
    In my first year in medical school, amid all the other life-changing events you’d expect, I met the beautiful and brilliant Jenny Soriano. 
 
    While we met at a medical school social event on the first day, we really got to know each other because we were working on adjacent cadavers in anatomy lab. That sounds morbid, but it’s a fact: We spent a lot of time there in the first year. Jenny had been born in Italy but came to America at age 5. Her mother was a factory worker and her father was a carpenter, determined to forge a better life for their daughter. Jenny was on track 
 
    to become an OB/GYN, with a mission to help underserved people. “I always wanted to work at a county hospital and help people who may not speak English, or are poor, or don’t have a lot of resources,” she said. We started dating during our first year and got serious quickly. 
 
    After our second year of medical school, we knew we were going to spend the rest of our lives together, and we knew things were about to get really busy, with both of us going on long clinical rotations and with me starting to spend more time in the lab on my PhD work. So we did the only practical thing we could think of and got married in a small backyard ceremony in 1984. “It worked out,” Jenny tells people now. “I knew we’d have a lot of hours spent working in hospital, but it was all good. I was not on an assembly line. I was doing something I love.” 
 
    In 1989, I completed both degrees and headed into training as a resident. I had decided to be a pediatrician, mainly because kids have an incredible ability to get better. After residency, I headed to the subspecialty of medical genetics. During my earlier PhD work, I had become familiar with the work of the new chair of Biological Chemistry at UCLA, Dr. Elizabeth Neufeld. I hoped I could work on a project with her. 
 
    Liz had made progress on MPS I during the late 1980s. In 1991, the year I entered her lab, she had finally cloned the gene for iduronidase, the enzyme missing in MPS I. She and her colleagues had cloned the gene from dogs, had figured out the biology of enzyme uptake, and had found a veterinary pathologist, Bob Shull, in Tennessee who had dogs— Plott hounds, a breed that originated in Germany and was used to hunt bears—that had the same MPS I disease that humans have. It seemed like Liz had all the pieces in place to begin the work needed to treat patients with MPS I. 
 
    It was at this time that I was ready to start a fellowship research project and I inquired whether Liz had one for me. She said she did; even better, we could figure out a plan in which I could do the lab work at Harbor-UCLA in Torrance, where my clinical training was continuing, and have regular meetings with her up at the main UCLA campus in Westwood. 
 
    The hot field at the time was gene therapy. Scientists were using the latest molecular biology techniques to engineer harmless viruses that could carry genes through the body to treat genetic diseases. This once- far-out concept seemed like it was going to work. Studies in lab mice had been encouraging, and the first human studies were beginning. The field was moving quickly and a race was developing to treat patients. I thought that MPS I could be an ideal choice for gene therapy and I began thinking about how to approach it. I discussed the possibilities a few times with Liz by phone. Finally, in early June 1991, I drove up to her office to talk through the details of my fellowship research plan. 
 
    You had better be well-informed going to talk with Liz. I found her somewhat intimidating, as did most scientists, because of the breadth and depth of her knowledge, compared to my relative inexperience and limited familiarity with lysosomal biology. Having spent six months reviewing the literature, I felt confident. But she had 30 years of research history and remembered all of it. She was always gracious on a personal level, but in science, you had to make sure you were up to speed. The first big meeting was critical. 
 
    Her office was lined with shelves groaning under the weight of books on biochemistry and cell biology and racks of science journals. Thirty years of research, including the oldest lab notebooks up on the higher reaches of the shelves. The office was modest for a department chair, 
 
    and I would come to learn that Liz was never much to worry about appearances. She had more important things to focus on. 
 
    That day, Liz was friendly but distracted. Things kept happening that required her attention as department chair and kept her from starting the meeting. She finally sat down, and I was able to launch into my ideas. 
 
    I talked through my review of the field of gene therapy, outlining the various strategies and how we might improve on them. I was talking fast and with intensity, hardly leaving her a moment to insert comments. She listened carefully. When I finally came up for air, she took her opportunity to respond. 
 
    “You know, Emil, there are so many people working on gene therapy of MPS right now. Don Kohn and his team, Bob Shull, and other labs,” she said, citing scientists at other institutions. “I really think we should work on enzyme replacement therapy first. We could never really do 
 
    it before without the gene cloned, and now that we have done that, we finally have a chance to try it. No one else will do this, and we have the opportunity to test it.” 
 
    I tried to defend the need for doing a gene therapy project and how I could modify and improve what everyone else was doing. But it became clear that she had already made up her mind. I would be working on enzyme replacement therapy. 
 
    I sat in her office, stunned. My romantic and perhaps unrealistic ambition of doing cutting-edge work on gene therapy would have to be postponed. Gene therapy felt like the final disease frontier, where the inner workings of viruses and molecular biology were being harnessed as delivery systems, elegant and transformative. I thought I could try to analyze the current methods and come up with a new twist, the one piece everyone was missing, and make it work for MPS I. 
 
    Instead, I was asked to do something far more mundane and practical: Make large amounts of the enzyme these patients were missing and then give it back intravenously. Start by treating the affected dogs that also have the same MPS I disease and see if it works in them. It certainly 
 
    was practical and direct. But there was not a lot of exciting science to be discovered. 
 
    “No real discovery about biology in this,” I thought. Not sexy science, no Nobel Prize in there, and no flashy articles announcing my arrival 
 
    to the scientific community. Just a practical experiment that had the shortest path to treating a patient with the fewest unknowns. 
 
    But Liz was firm on her conviction. 
 
    “We have never had the chance to do enzyme replacement therapy for MPS I, because the enzyme is so scarce and not properly targeted from tissues,” she said. “No one could do this without the recombinant enzyme. Now we have the chance to finally test it out. And we are the only ones who will be able to do it.” 
 
    “Okay, then,” I said. “I’ll do it.” 
 
    It was what Liz wanted, and she was Dr. Elizabeth Neufeld, the legend, the brilliant scientist with years of persistence pursuing a goal for these patients. She had a glorious history of launching the careers of many successful post-doctoral fellows, each carrying forward with just one piece of her research program. How could I deny her the right to set the project goal for me? I was just a fellow. I would put my career under her guidance. 
 
    This moment represented the first challenge to my conception of what a physician-scientist should be. Is it a person who breaks new ground with fantastic basic science breakthroughs, published in a major science journal, winning major prizes? Or is it someone who solves practical issues, publishes in technical journals that few read, and helps patients more directly and immediately? 
 
    Everyone in science wants to help patients in theory, but sometimes the intricacies of the basic sciences are more attractive and respected in the scientific community. Despite the appearance of being designed to develop treatments, most of the biomedical sciences were about developing new theories and getting publications and grants. 
 
    The project that Liz had in mind for me would be even more mundane than most. My task would be to engineer a cell grown in culture to make large amounts of an enzyme, using standard techniques. 
 
    My vision of being a hard-core, sophisticated scientist clashed with my practical assignment. But although it was not the sort of work that inspires scientists, it would accomplish something that I did want to do: Treat something that had never been treated before. 
 
    As it turned out, gene therapy was not ready for success in humans in the 1990s. Enzyme replacement, in the end, had a distinct advantage: It actually worked. 
 
    I ran through the basic steps with Liz of what we needed to do and began gauging the timeline it might take, if I pressed forward as intensely as I planned. I would have to figure out how to make iduronidase in large amounts. I ticked off the challenges: 
 
    When overexpressing the enzyme in cells, we’d have to make sure they were made the right way, with the right sugars attached to the protein. We’d have to make sure that the processing of the sugars on the iduronidase protein was correct, since the right sugar is needed for uptake into cells. We would need to run an uptake assay to measure the amount of enzyme delivered into the cells at different concentrations. The lower the amount of enzyme needed to get into cells, the “stickier” the enzyme is for the cells, and the more efficient the delivery. If the enzyme had lots of the sticky sugar marker on it, then it would get into cells easily—and could also easily get into the tissues in a child with 
 
    MPS. If the enzyme did not have enough of the marker, then it wouldn’t 
 
    get in efficiently and we might not be able to treat the child, since we would need way more enzyme. 
 
    Finally, once we made the enzyme, we could give it to the dogs affected by MPS I to see if we could replace it in their tissues. 
 
    Liz, of course, was more than ready for this list of challenges. She had a few of her own. 
 
    “We could have a real problem when you overexpress the enzyme, as you might not get the mannose 6-phosphate on the sugars, so we have lots to figure out,” she said. Mannose 6-phosphate is a particular sugar attached to the iduronidase protein that is critical to getting the enzyme to the lysosome. It is required to allow the replacement iduronidase to 
 
    bind to the surface of a cell. It then signals the cell to take up the enzyme inside and delivers that enzyme like a zip code to the lysosomes. Without mannose 6-phosphate, we wouldn’t be able to do enzyme replacement into living cells and tissues. 
 
    If we could overcome that hurdle, we’d then need to evaluate the treatment in dogs who are affected by MPS I. Fortunately, as Liz had mentioned earlier, Bob Schull, a veterinary scientist in Tennessee, had some MPS I-affected dogs that we could try treating. 
 
    “You should go out and meet him and visit the dogs in Tennessee early on,” Liz said. “It is a very worthwhile trip.” 
 
    This assignment only drove home how mundane this project felt to me. Make a bunch of protein and give it to MPS I dogs. I couldn’t see it then, but I eventually came to realize what a huge favor Liz did for 
 
    me—what a tremendous boost she had given to my ambition of treating a disease that had never been treated before. 
 
    I left the lab, got into my 1977 gold Ford Granada, and headed south on the 405 freeway to Torrance, where Harbor-UCLA was located. It was only 22 miles, barely half an hour without traffic, but this being Los Angeles, the drive typically took at least an hour. Plenty of time to 
 
    think. When I got home, Jenny understood completely. “Enzyme therapy just doesn’t sound as flashy as gene therapy, but you’ve got to start somewhere,” she said. “This sounds like the right thing to do.” 
 
    For my genetics fellowship training, I arranged with Adam Jonas, the Medical Genetics chair, that I could work on Liz’s project in his lab at Harbor-UCLA. The problem was that Liz’s supplies and equipment were not there, nor was Liz, nor the rest of her research lab. I would be isolated from others and would have to make a weekly trek up to the main campus to meet with Liz during the regular lab meeting, then load my car with supplies and drive back through traffic. 
 
    Still, because I had a few more weeks of pediatrics clinical training to finish at Harbor-UCLA, this arrangement was the best I could make. The campus had other advantages as well. It had much more lab space, for one thing, and—on a personal level—it was closer to Long Beach, where we lived at the time and where Jenny was working as an OB-GYN. 
 
    This arrangement with the research program at Harbor-UCLA would turn out to be fortuitous, even critical to my ability to make the enzyme in large amounts for the clinical trial. It would have been impossible to do the project at the main UCLA campus due to space constraints. Developing a specialized lab for the biotechnology manufacturing of a protein required a lot of space, which just didn’t exist in Westwood. Harbor had plenty of room in its old bungalows, which I would come to appreciate, warts and all, in the coming years. 
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    Later that June, before I started working on my fellowship research, Liz hosted the National MPS Society meeting at UCLA. This was my first exposure to these patients and families; a great opportunity to meet the people struggling with the condition for which I would be trying 
 
    to develop a treatment. At that time, I had only seen an MPS II Hunter patient and an MPS IVA patient in clinic at Harbor, so I really did not know MPS I. I still thought about the patients and my project in abstract research terms. I did not have the names and faces of people in my mind, nor their painful yet inspirational stories. 
 
    The parents at the meeting were at various stages of coming to terms with their child’s disease, but it was clear that all of them had delved deep into the science and absorbed all that they could. Some had just received a diagnosis that felt like being struck by genetic lightning, 
 
    and they were emotionally tumbling through the meeting, seeing their own children’s future represented in the tragic images of the older MPS patients. Other families had gone through all the stages of coping with their child’s impending death while the child was still alive. 
 
    The young families started bonding with more experienced families to help them find their way. They were blind and hurting and needed a guide. 
 
    The experienced parents then had the burden of helping the newcomers navigate the absorption of unfathomable tragedy while solving the myriad of problems of how to care for an MPS child. 
 
    That first day of the conference, I started to see my role more clearly. 
 
    These kids were sick and devastated, their parents searched urgently for answers, and they needed something now. There wasn’t much of anything for them at that time, other than bone marrow transplants, 
 
    which had a high death rate, but did help in very young patients. My job was to give them another option. That was going to take time. But just my presence gave them the small hope and comfort that I was dedicated to finding something to help them. 
 
    The conference sessions were like nothing I had ever seen. The scientists and families met in a large conference room. As one expert was speaking on stage, some of the MPS patients made random noises. 
 
    The kids with Sanfilippo syndrome, an MPS disease that affects the brain, were the loudest, suddenly shrieking or yelling out some 
 
    uninterpretable declaration. They were wandering the aisles, launching themselves to the front of the room while the speaker was talking, occasionally interrupting with screams. The parents patiently trotted after them, and no one reacted. The speaker kept talking, and the meeting went on as if everything was normal. Everyone was used to the situation. 
 
    In one session, Dr. Bill Krivit, an eminent and pioneering physician and the co-founder of the Blood and Marrow Pediatric Transplant program at the University of Minnesota, was talking about bone marrow transplantation (BMT). 
 
    In the process, the patient was first treated with chemotherapy drugs, which were needed to make room for the new cells to grow in the bones. Then bone marrow cells from the healthy person were infused into the veins of the patient. The theory behind this still experimental procedure was that the cells from the donor would end up in the bone marrow of the patient and make more blood cells, which in turn would produce the enzyme needed to keep the body in balance. The new blood cells would circulate and give off some enzyme to treat the body. 
 
    The BMTs were working, though with some complications. Doctors faced particular challenges in successfully transplanting older patients, because the benefit to the brain appeared to be limited. Dr. Krivit had decided he would not transplant bone marrow into someone older than age two, because after that, the MPS I patients might not retain enough brain function, and other risks were greater. 
 
    A parent stood up and challenged him, saying it should be up to parents to decide if they wanted to get a transplant or not, and they should not be stopped because of the doctor’s view of what is okay for mental function result. Dr. Krivit countered by saying, “I would not want to transplant children and have them wandering the town like street people because of their low mental function. That’s not a good outcome.” 
 
    The families were up in arms over this comment. One father in the back of the room got up and said loudly, “Do you think we are going to let our kids wander around on the street after a transplant? Do you think we are not going to care for them?” 
 
    Dr. Krivit did not quite mean it that way, but he was not one for gracious patient interactions, and he did not back down. He had the only treatment in town, but managed to infuriate people with his paternalistic approach, which mirrored the attitude of many physicians back then. “We are the doctors, and we know what’s best for you.” 
 
    Parents of MPS kids, however, were not the same as most. They wanted an active role in deciding what happened to their children. They certainly did not want doctors dictating the terms of treatment or defining an acceptable outcome. During the years they cared for their children, the parents became expert in their child’s disease, often knowing far more than any of their physicians. The mood in the room was, “Don’t be telling me when to treat my child.” 
 
    I remember this moment and lesson very clearly. MPS was a collaborative project for doctors and families, and children and their parents had to be intimately involved in all care decisions. The doctor’s job was to present the options well and find new options, but the families 
 
    had the final say. This lesson would come back to me over and over, as I was thinking more about the families and what they needed. 
 
    Right on the heels of that conference, I started my fellowship training on July 1, 1991. I had no time for a real break. I was resolved to work on enzyme replacement therapy (ERT), which I thought would take a couple of years of intense work. Then I could get on with the more important gene therapy project. I kept reading and thinking to have the best plan ready for gene therapy, once I finished with ERT. 
 
    On my first day, I walked over to my assigned bungalow, a small, World War II-era building, dusty, decrepit, and leaky. C3 was one of dozens of such bungalows, arranged in rows and connected by covered walkways. The Navy had put them up as a temporary hospital during World War II. Almost 50 years later, they were still here. 
 
    C3 was home to the genetics department’s molecular labs. It seems odd now that cutting-edge research could go on in something so old, but good research can be done in almost any building as long as there are the right hands, minds, and a few pieces of critical equipment. 
 
    I walked up the creaky wooden ramp, chewed up by the soles of hundreds of shoes over the years. The front door seemed to weigh a ton and was always slightly ajar and askew on its hinges. Inside, the lab consisted of a large room connected via a hallway to smaller irregular- shaped rooms and even smaller labs and offices. The main research lab was in the large room, with benches laid across from one wall and some shared equipment on the other wall. The broken-down floor had endured patchwork vinyl tile repairs, using the ugliest styles of haphazardly arrayed mismatched panels. A fine dust layer covered everything that hadn’t been moved in the past few weeks. Only about half the benches were being actively used and were clean and tidily arranged. 
 
    My assigned bench was the second one in the row and among those buried in dust. It was also covered by a mass of leftover junk test tube racks, glassware, and broken or outdated small equipment. 
 
    Surprisingly, this humble building was home to many bright scientists with very interesting projects underway. The condition of the lab did 
 
    not stop talented people with good ideas from doing groundbreaking work. Pauline Yen was the key scientist in C3 and master of the domain at that time. She worked for Larry Shapiro, the Biological Chemistry department chair, who had served as a fellow with Liz Neufeld at NIH years ago, which gave him some familiarity with the work I was doing. Jay Ellison and Eduardo Salido worked in Larry’s lab doing interesting work on the X chromosome. Mark Tucker was a post-doctoral fellow from another department, and he kept things interesting with wide- ranging conversations while practicing his golf chip shots into the lab trashcan. After I cleaned my bench, I scoped out what equipment was available to me. The lab had the main equipment I needed for making DNA clones, growing bacterial cultures, and preparing DNA using an ultracentrifuge. 
 
    DNA is the chemical that makes up our genes and our chromosomes. It is what we inherit from our parents, what tells our body how to build itself. Thanks to biotechnology, we can splice the microscopic strings 
 
    of DNA together and use bacteria to carry human DNA, so we can study it. We can use DNA to direct specific protein expression in cells, reading the DNA and translating it into a linear string of amino acids of a functional product, like a protein or an enzyme. This miracle of molecular biology has enabled us to create an incredible transformation in medical treatments. 
 
    The lab was well set up for molecular biology work. But I needed training in the art of using the World War II-era autoclave to sterilize equipment. The autoclave was an aged, giant brass chamber, like 
 
    you might see in a 1940s hospital movie. Unlike modern high-tech equipment, it required entirely manual operation. A valve let in the steam until it reached a certain pressure on the gauge. The operator would close that intake valve almost all the way, leaving a tiny, slow steam input going, and then watch and wait for 30 to 40 minutes. Once done, the trick was to very slowly release the pressure without boiling over all the liquids. 
 
    Inevitably, vessels with normal amounts of liquid would boil over. Gases would dissolve in the liquid at high pressure, come out of the solution, and suddenly bubble over, dumping all of your precious solution on the bottom of the autoclave. 
 
    Fortunately, my work during my PhD taught me the skills for recombinant DNA work, which made the next part of the project relatively easy. I grew milligrams of the DNA with the iduronidase gene in bacteria. Using special clipping enzymes, I cut the DNA into 
 
    pieces and purified the one piece we wanted that coded for the gene. The DNA is in a clear solution of, say, only 100 microliters or just a drop 
 
    of liquid. To that we add a few microliters of the cutting enzyme. The DNA fragments are separated by putting them into an agarose gel that looks just like gray gelatin. By applying an electric current field, the negatively charged DNA could be electrically moved toward the positive pole, creeping through the layer of gel toward the other end. The DNA fragments then separate by size, with the smallest ones moving the fastest and the largest pieces just barely creeping along. By staining the gel with a special dye and then using an ultraviolet or black light, I could see the fragment in the gel. The DNA pieces would glow, and I could find the one I wanted and cut it out of 
 
    the gel. 
 
    I would then mix the isolated iduronidase gene fragment in a tube containing a drop of liquid to splice that iduronidase piece of DNA to another piece of DNA. The second piece was called the expression 
 
    vector; it’s what would help make the hamster cell produce the human enzyme. Using an enzyme called ligase, we could chemically connect the two pieces of DNA, one from humans and the other from bacteria, to make a new plasmid. This new plasmid DNA circle had all the control sequences needed to get expression of human iduronidase in our Chinese hamster ovary (CHO) cells as well as the control sequences to allow the DNA to be produced in bacteria. 
 
    Once I had made the right iduronidase expression plasmid, I prepared milligram quantities of it, purified it, and then inserted the plasmids 
 
    into the hamster cells. The hamster cells would be treated with a drug to determine which ones had the plasmid, and then we would check each clone of hamster cells to see how much iduronidase they were secreting. 
 
    I had a lot of experience doing this process and it went smoothly. 
 
    When I finally had the CHO cell clones in early February 1992, I grew them in plastic dishes with 24 small wells. I then took a little of the medium around each cell to assay for enzyme each clone of cells might be producing. This was an important moment. Liz and I both feared that the enzyme would not be made very well if it was overexpressed in a cell. If that was the case, the project was over. 
 
    One fateful night, I took the samples from each well of individual clones and started the assay process. One by one, I stopped the test reactions and then put each tube into the fluorometer. It turned out that most of the 72 cell lines I created did not secrete much, but there were a few that produced a lot more enzyme, around 4 milligrams per liter of liquid. This still isn’t much. Each patient would need about 1 gram or more per year to live. But having cell lines making even a few milligrams per liter at this stage was thrilling. A major first step was accomplished. I had worked straight through from July 1991 until February 1992 without running into any real hang-ups, and I had the sense that the project was destined for success. 
 
    I called Liz with the results. She was very happy with the production I was seeing and marveled at how much enzyme we might make. Back in the days at NIH, she and Joe Fratantoni had purified corrective factor, the same enzyme, from a 55-gallon barrel, or about 200,000 milliliters of urine. My cell lines made the same amount of enzyme in just 7 milliliters, or half a tablespoon! This was the power and promise of biotechnology. 
 
    But Liz cautioned me. “I know you are making a lot of the enzyme, which I was not sure would happen,” she said. “This is great. But now we could have another problem. Does the enzyme have the right marker on it?” 
 
    The marker she referred to was the mannose 6-phosphate marker on the sugars attached to the enzyme—a little like a zip code on the protein, for the cells to take it in and put it where it belonged. But did our newly made iduronidase have this marker? 
 
    To figure that out, we took fibroblast cell cultures from a patient with MPS I and grew them in the lab in petri dishes. These cells didn’t have any enzyme in them, so it would be easy to see if they got enzyme inside when we added it to their culture. We put different concentrations of iduronidase into the medium to figure out if any of it would get taken up and, if so, how much. 
 
    I started the experiment in the afternoon, after I finished clinical genetics work in the morning. After a four-hour period incubating the fibroblasts with the enzyme, I would scrape the cells from the plates, using a rubber eraser-like tool, and break open the cells into an extract. We could then measure how much enzyme was in the extract. The experiment normally took all day, so by the time I was measuring the uptake, it was near midnight. But I was so anxious to find out the result, I could not have slept anyway. 
 
    Once the enzyme in the extracts was mixed with the fluorescent substrate on a timer, I stopped the reaction with the buffer to see how much of the fluorescence was released by the enzyme in each extract. This told me how much enzyme was in the extract. Step by step, I tested how different amounts of enzyme incubated on the cells, which would determine how much had gotten in. If a lot gets in, at a low concentration, then I would know the enzyme has the right marker on it. If we needed to put a whole bunch of enzyme on the cells to get just a little in, then it was not properly marked. This was critical. Once the 
 
    enzyme would be administered to a patient, it would have to be taken up into the tissues for the patient to get better. 
 
    The experiment was long and tedious, but finally, alone in the lab at midnight, I could start measuring the samples. I took each tube and put it in the fluorometer. I watched for the signal and wrote it down. The signal was going up rapidly with even small amounts of enzyme. The more enzyme I put on the cells, the higher it went. It clearly was working. 
 
    Even at low concentrations, it was taken up efficiently. 
 
    Once I had all the numbers down, I quickly sketched a graph of the values which demonstrated that the uptake was excellent, and that a tiny amount of enzyme was enough to get into cells. I feverishly calculated the numbers to figure out how much enzyme it might take. The numbers suggested treating a child might only take a few milligrams per dose, which was a very achievable amount. 
 
    I was so excited that I had to tell someone. I was alone in the bungalow. I couldn’t possibly call Liz that late. I decided to call Adam Jonas, the chair of Medical Genetics, since I was in his lab room using 
 
    his fluorometer that night. I called his home, and his wife Julie answered. She was gracious, as always, but I could tell she was not pleased. Only then did I realize how late it was, as I had lost track of time. She handed the phone to Adam. 
 
    “Hello, so what’s up?” he asked, a little amused that I was calling so late, and not sure if something was wrong. I launched into a rapid- 
 
    fire run-through of the results—the assays, the enzyme, the marker, the uptake. “The processing did occur as we had hoped,” I concluded. “Liz will be so surprised.” I was exuberant. 
 
    Adam was tired, but, like a good parent seeing the excitement in a child, he praised the result and was happy for me. 
 
    I then went home to tell my wife Jenny. She was sleeping soundly, so I told her while she slept. There was no risk she would wake up, as she can sleep through anything, including fire alarms. Her lips were closed in a gentle smile. I told her how it had worked out. She had a peaceful way about her, and talking to her offered me respite from my stresses. 
 
    With these key results in hand, it was time to make more enzyme and figure out if we could test it in an MPS I dog. Bob Shull, Liz’s colleague in Knoxville who had discovered the MPS I dogs, had raised a colony of Plott hounds for studying potential therapies. He had one dog available for us, and we wanted to get some enzyme to him as soon as we could. 
 
    Using small scale methods, I scraped together enough enzyme to treat a 25- to 30-pound dog. I purified a few milligrams, pulling together every collection of medium I had, packaged it, and shipped it out to Bob Shull. 
 
    I was at Liz’s lab meeting when Bob called. He had injected the enzyme and measured it in the circulation. It was cleared within an hour from the circulation, which meant without a doubt that it was binding to tissues. 
 
    It was only a little after a year and we were already successfully treating dogs. The next step was treating more MPS I dogs with the enzyme to observe actual change in the tissues of the animals. 
 
    We started to get that experiment ready right away, giving a set of repeated doses of enzyme to the MPS I dogs, just like we would expect to treat children. I had to figure out how much enzyme to use. 
 
    I calculated how much the dog weighed, how much blood was in a dog, and what concentration of enzyme I needed in the bloodstream to allow uptake of the enzyme into the dog’s cells. For a 22-pound dog, I estimated we would need about 1 milligram of enzyme. 
 
    I put the first precious enzyme into a vial and shipped it to Bob. A few days later, Bob started injecting a dog named Aloysius. The first week saw the first three injections, and everything was going well. 
 
    The next Monday, Bob injected the fourth dose, and the dog was still 
 
    fine. But on Wednesday, he injected the enzyme as usual, and Aloysius collapsed in respiratory distress. 
 
    Being in a veterinary hospital, Bob and his assistant were able to resuscitate the dog and save him. We were shocked and, for a while, not sure if the program was over. 
 
    We spent the next couple of months trying to figure out what had happened. Aloysius had almost died with an allergic reaction to the infusion. Allergic reactions were not my field. We tried giving the dog more enzyme, and he had another reaction. We tried mixing the infusion with other proteins, such as canine albumin, or diluting it. Over time, we figured out how to manage the allergic reactions with a combination of methods: premedication, mixing the enzyme with albumin protein, and slowing the infusion period to over an hour, instead of a few minutes. 
 
    This stopped the reactions. 
 
    We checked to see what happened to the dog’s tissues after two weeks of treatment. We were surprised to see that giving about 1 milligram 
 
    of enzyme a few times over a couple weeks cleared the spleen and, particularly, the liver of GAG sugar storage and reduced storage 
 
    in the kidney. 
 
    We treated a few more dogs with this new method of slow infusion and then checked our result. It worked again. There was enzyme in many tissues, and the storage inside the cells was better. Only tissues with poor blood flow had not improved. 
 
    I took this first, exciting data to a major scientific meeting in San Diego in 1993. I was given a 10-minute slot to speak. I got up, a bit nervous, as this was the first talk I had ever given to this group of biochemical genetics doctors and scientists. This was the first successful enzyme therapy in a large animal model of MPS and therefore provided some insight that this method could really work. 
 
    After I finished my talk, I looked toward the audience for questions. Before anyone could say anything, the chair of the session, a well-known biochemical geneticist, spoke up from his position on the stage. 
 
    “If I might, I have the first question,” he said. “If you cannot treat the brain with IV enzyme therapy, why bother treating MPS I at all?” 
 
    The question was stunning. It made the project appear futile and useless. It was said with pure and honest intent, but delivered with the confidence of a senior internationally recognized biochemical genetics expert addressing a lowly fellow. 
 
    I stumbled a moment and then quickly said, “What about 
 
    Hurler-Scheie and Scheie, the milder forms of MPS I that don’t have brain disease?” 
 
    “Oh, all right,” he said. A bit of resignation to the point made, but not agreement. 
 
    Did he expect me to have everything all figured out for every treatment on the first experiment? Surely, a difficult disease like MPS will take time to solve all the problems, but we had to start somewhere. 
 
    Within the specialties of medicine that deal with complex diagnostics, there was an attitude at the time I would characterize as perfectionistic/ nihilistic. The nihilist believes in the impossibility of treating these complex disorders The perfectionist requires that a good treatment should fix everything completely, returning a person to normal. If you cannot do that, they say, do nothing. 
 
    But perfect treatment rarely happens for most diseases and especially complex ones. Heart disease, cancer, and diabetes still impact people, even with the best treatments available. Why should treating genetic disease be any less of a struggle? Some of the easy-to-treat genetic conditions show that benefits are possible. But with thousands of such diseases, particularly with the more difficult ones, we cannot expect great strides the first time out. The practical physician must treat what can be treated, then work on improving the treatments, step by step. 
 
    We can be faulted for stopping at the development of an incomplete treatment, but not for starting with an imperfect one and constantly working to make it better. Parents and patients expect us to do something. No one expects nor requires perfection. 
 
    This debate clearly shifted my thinking more toward becoming a practical scientist and away from theoretical science. I was focused now on treating a disease that had been considered untreatable. 
 
      
 
  
 
  
   
      
 
    Chapter 6: Shoestring Science • 1993-1994 
 
      
 
    Although the enzyme replacement therapy was clearing the disease in MPS I dogs, the program was a long way from actually getting 
 
    to humans. Still, I was amazed at how much improvement we saw when giving dogs a tiny dose of about 1 milligram. The potency was particularly impressive, because it worked in our experiments immediately, without any significant testing or modification. I was 
 
    convinced that the therapy would work in patients to help improve at least some problems. 
 
    I didn’t realize the size of the hurdles ahead. Bringing a successful treatment to patients would turn out to be a frustrating and demoralizing process, taking me further away from basic science work to pursue the production of pharmaceutical-grade enzyme for treating people. 
 
    Jenny gave birth to our first child in 1993, a son we named Albert, after my father. Shortly after that, Jenny recalls meeting Liz for the first time. “We went to her house for dinner and she had set up a little place for me to breast-feed Albert in the bedroom, with soft music on,” Jenny says. “Here’s this woman who is so famous, so busy. She writes text books. But she cooked for us and made sure that my child and I were comfortable. She was so kind.” 
 
    In July 1993, during the early work on treating MPS I dogs, I became an assistant professor in pediatrics, a year sooner than expected. A UCLA-funded faculty slot had opened up, and I could step into that position while finishing my fellowship training at the same time. 
 
    This exciting opportunity would give me a boost in salary, which was important, but even better, it provided startup research money: $30,000 per year, for two years.              The amount was not large, but I would be able to hire an entry-level research technician and pay for a few supplies. I was also able to obtain an additional $30,000 grant from a special fund at UCLA. 
 
    I now recognize these as pathetically small amounts, especially in the context of what was needed to achieve our research goals. But at the time, it seemed like striking gold. Liz’s grant had been supporting some of my work, but I was always scrounging for supplies from her lab. With this new faculty funding, I thought I could get by for a while 
 
    by combining that with some of her grant support. Fortunately, I did not know how impossible that would be. 
 
    I had no real training on the business side of managing a research lab. They don’t teach that in grad school. You just get dropped into the role. I had no idea how much money the project would need and no experience planning a budget for a multi-year process. I had not hired or managed anyone before. I was a bench researcher. Suddenly, I had to be the general manager of a research business. Long-term planning and management of people are essential ingredients for succeeding in complex, multi-year product development programs. If I had known what was involved, I might have dropped the project right there. 
 
    Hiring my first technician was going to help the flow of work. My days were consumed with clinical work in the hospital and consultations in genetics. This left only evenings and weekends to push the research forward. A technician would help me get work done during the day, even if I was not physically in the lab. The challenge was finding someone who was both skilled and would work for $20,000 per year. Even in 1993, that was a paltry sum. I had a vision of running the lab in a very organized manner and wanted someone with real experience, but at that salary, an entry-level technician was the best I could hope for. I began looking at applications of people with college science degrees but no experience. 
 
    Many had participated in some science labs in school, but real lab experience was hard to find. 
 
    The appearance of the rickety old C3 bungalow, with its rotten wood held together by rusty nails and dust, turned out to be another problem in recruiting. While those of us working there became used to it and even came to consider it cozy or quaint, potential technicians would give it sidelong glances. Who wants to work in old decrepit labs? No matter how much cutting-edge science was taking place there, it is hard to entice even beginners when nice new labs elsewhere have the shine of success. 
 
    As it turned out, the lab’s location in Torrance provided me with the one draw I needed. Sheila (not her real name) met my criteria: She had experience and was sharp and well-organized. She appeared to be from society’s upper crust, dressing elegantly in a silk coat for her interview. Her husband worked close by, and I had the only scientific opening in the area. So she took the job. 
 
    I started training Sheila to take over enzyme production. She was smart, deliberate, and efficient. The work started progressing faster. After a long day of clinical work, I would arrive at the lab and see that something had moved forward, which was a relief. Still, I could see Sheila’s heart was not completely in the project. I held out hope that she would gain appreciation for the value of the work. 
 
    At the time Sheila started, I was beginning to use a new, larger scale method to produce the enzyme. The special recombinant cells we made could secrete the enzyme into the nutrient medium, but did not make enough to be very productive. With each cell putting out only a small amount of the enzyme, we needed to get more cells per liter to produce. The key challenge was getting a high enough concentration of the cells in the medium. I also needed to do it on a minuscule budget and with no biotechnology experience. 
 
    Looking through all the methods used at the time to make large scale cultures of cells, I decided there were only three methods that might make sense for us: Batch culture of suspension cells, roller bottle cultures of adherent cells, or suspension cultures of cells adherent to plastic beads called microcarriers. 
 
    Given the cost of equipment and supplies, I figured that the plastic beads method was likely the most cost-effective in terms of how many cells I could grow and how much enzyme I could make per dollar. To get our small production system to do the bead process would cost about 
 
    $1,500, which was a lot less than the other approaches. 
 
    We started with a stirred 5-liter flask with special plastic microcarrier beads. The beads were around 0.2 mm, about the size of a grain of sand. Despite their tiny size, you could see the beads floating in the medium. 
 
    Once seeded with cells that eventually coated the beads completely, the beads got larger. One advantage of this method, in addition to its low cost, was the potential to do it on a larger scale. If it worked in a 5-liter flask, it could work in container systems of 10 liters, 50 liters, even larger ones. 
 
    To save additional money, I bought any used lab equipment I could find. First up was a large incubator. Fortunately, UCLA had an internal flyer that listed excess equipment labs needed to sell or replace—a scientific “Craigslist” of its time. I saw that UCLA’s cancer center had an incubator, which appeared large enough for my needs. When I called, they told me, “If you can haul it out of the lab, it is yours for free.” I brought a refrigerator dolly to the main UCLA campus and was happy with what I saw. The incubator was exactly the size I needed, with a large single chamber and a good design. My culture system would fit into it perfectly. The cancer center was unloading it, because certain functions no longer worked, such as the carbon dioxide gas control, but I didn’t need those. I just needed a large box that could hold 37 degrees centigrade, or body temperature. 
 
    The incubator was really heavy, but with back-bending, weight- lifting force of will, I managed to get the thing off the table, at the edge of dropping it at every moment. I gripped my prize and slowly, with creaking back, lowered it onto the dolly and then up onto the pickup. 
 
    I hauled it back to the lab, pleased at my luck. I still had not fully grasped how far I was from where I would need to be, but for the moment, things were looking up. I had saved a few thousand dollars. I got the culture system ($1,500), a pump (about $250), a small, undercounter refrigerator (about $50), some tubing (about $100), and I was set to begin running the new production system. 
 
    With the new incubator in hand and the cell culture flask system, I began running larger scale cell cultures. Compared to what I had been doing, I was now using expensive lab ingredients in large amounts. 
 
    Medium, serum, the beads, and the rest would cost $1,000 or more for a 10-day run, and the money started going quickly. The quantity and cost of the reagents was daunting for an average lab worker like me. 
 
    Liz’s department had a stockroom that I would visit for some supplies. Liz’s lab would be charged, and she’d receive notification. Sometimes, after my visits, Liz would call and ask, “Emil, did you purchase $2,000 
 
    of medium, serum, pipets and supplies last week? I thought maybe it was a mistake.” 
 
    “No mistake, Liz,” I sadly responded. “It’s what I need.” She accepted that, but the sheer volume of supplies was rapidly stripping her grant and was not what she had anticipated. 
 
    Meanwhile, Sheila was learning the culture method, but she still didn’t quite share my enthusiasm for the project. She always followed my instructions in a subservient manner, but never seemed to engage with what we were doing. Still, Sheila was smart and efficient, and I still had hope she would learn to love the work as I did. 
 
    We started to grow the hamster ovary cells, feeding them twice a day to keep them healthy and secreting our enzyme. For the first 10 days, I did this entirely myself, changing the medium every 12 hours, on top of clinical work. It was exhausting. With two people, we could split the medium changes. I showed Sheila the exacting sterile technique procedure: Sample the culture, check its condition, pump out the medium halfway, then refill the flask with sterile medium. After several days of training, I had Sheila change the medium to feed the cells for the first time without me present. The morning after, I came into the tiny room to check on the cell culture. I swung the large door of the incubator open and took a glance at the five liters of red nutrient stirred by a mechanical drive on the 
 
    top and a stirring wand inside the culture. At first, I thought things looked okay, but then I saw something strange. There were a few tiny, white, fluffy balls floating about in the liquid with the beads. I was not sure at first what they were, but they did not belong there. Then I realized it might be mold contamination. I quickly sampled the stirred container and mounted the small amount of liquid on a microscope slide. Under the microscope, I saw the telltale strands of mold fibers. The culture was contaminated and had to be thrown out. That was at least $1,000 of supplies out the window, as well as the loss of production. 
 
    I walked to the lab bench area and asked Sheila if she had seen the little, white, fluffy balls floating around. Without breaking from her pipetting work or looking up at me, she said she had seen them. I asked her if she had done anything about it, and why didn’t she tell me. 
 
    “I didn’t know it mattered,” she said. “I did not know what they were.” 
 
    While the contamination was not her fault, only the consequence of working in a dusty bungalow, a culture costing hundreds of dollars in reagents was lost, yet it hardly budged her emotionally. 
 
    Even though Sheila’s pay was low, it represented a huge chunk of my budget. I was spending all of my startup money to cover her salary and benefits. We were on the financial edge at all times. 
 
    After less than six months on the job, she came in one day in February 1994 to announce she had found a better job at Amgen, paying almost double her salary. I was annoyed that she had searched for another job so soon, while she was taking so much of my time training her for this one. On the other hand, she taught me a valuable lesson. The people I would hire in the future had to believe in the mission. I needed commitment and passion for our purpose. I pressed ahead, alone again. 
 
    With Sheila gone, I not only had to return to producing the enzyme, but I had to take the next step of purifying it by myself as well. I would generate about five liters of conditioned medium with enzyme each day. The culture would last about 10 days, so we would have 50 liters of the enzyme-containing medium sitting in a large plastic carboy bottle. To purify the enzyme required working at 4 degrees centigrade, or at just about freezing temperatures, in a walk-in refrigerator or cold room. I spent hours in a parka in that frigid cold room, toiling over this process, just to get milligrams of enzyme. 
 
    Purification involved many steps: First, I set up large glass tubes called chromatography columns and filled each of them with about a liter of different beads. The first column beads were coated with a special sticky protein known as ConA, short for Concanavalin A, which would bind to any proteins in the liquid that had carbohydrates containing mannose on them. When I passed the medium with enzyme through the column, the enzyme would stick to the beads while the liquid flowed through. Most of the contaminating proteins without mannose on them would flow through with the liquid. I would then wash the beads with five liters of salt solution to wash away any trace of the other proteins. 
 
    Then, with a special type of mannose sugar, I could unstick the enzyme from the beads competing for the ConA binding, and the unstuck enzyme would wash out into a liter of solution in a concentrated form. The process would be repeated with another type of bead, and then finally once more, through a column of beads that separated the enzyme by size. Each round, I would get the enzyme more and more pure by separating it from other proteins I didn’t want. After three rounds, the enzyme was reasonably pure at about 95 percent iduronidase. 
 
    It wasn’t perfect, but it was a process, and I could use it to make enzyme. With the new system running, I could make about 30 to 50 milligrams of enzyme in a run and could do treatment work for more than just a few weeks. 
 
    I initiated another enzyme-replacement study in MPS I dogs with Bob Shull. This time, we were treating three dogs, along with one control dog, an increase that required more enzyme than I had made before. Every time I finished a batch, I knew I could thrill Liz by telling her that I had made 50 milligrams—or 50,000 micrograms—of enzyme. She marveled at how much I was making. But the production cost thousands of dollars a run, and conducting the studies in the affected dogs used up the enzyme at a rapid pace. 
 
    I had to hire another technician to replace Sheila, since performing the lab work myself and making all the hospital rounds required as 
 
    a faculty member was more exhausting than ever. I needed someone in the lab pushing the process ahead when I had to spend the day in the hospital. I began interviewing candidates again. As I had come to realize, the appearance of the lab and the low pay did not inspire top- 
 
    grade applicants. Going to work in a bungalow that looked like a jungle outpost south of Los Angeles did not convey a feeling of job security and success. When one particularly experienced applicant looked unimpressed, I offered what I thought was a clever response by saying, “Watson and Crick used to work in very similar buildings. A funky building does not stop us from doing great research.” As every scientist knows, Watson and Crick won the Nobel Prize in 1962 for discovering the structure of DNA. The technician candidate asked, “Who’s Watson and Crick?” I did not try that line again. 
 
    Finally, in May of 1994, I hired a young technician with only some college lab experience. Cathy was attentive, sincere, and the exact opposite of Sheila in terms of attitude. She seemed like someone who might develop an interest in the job. At my request, she committed to work with me for at least a year, so that my time spent in training her would not be wasted. Although she had less experience than Sheila, she could follow directions and get work done, and she more than made up for any deficiencies with a great attitude and dedication. 
 
    She was working out well, and things were starting to move along. I felt like we were getting traction. Then five months later, her boyfriend landed a job in Seattle, and she had to resign. Never mind about commitments. What was I going to do, sue her? 
 
    Once again, on most days, I was seeing patients in genetics clinic and doing genetics consultations in the hospital while spending early mornings and late nights in the lab. When a cell culture was growing in the flask, it had to be fed twice a day, without fail. I would come in early in the morning to change the medium, then clean up and head to the hospital to see patients. At the end of the day, I’d come back to change the medium in the culture system again. Then I’d go home and try to get enough sleep so I could make it back 12 hours later. 
 
    When I was at the lab, I had to do more than just change the medium; I was also spending many hours in the cold room, running the purification columns to extract the enzyme from the medium. Each time the columns were run, I had to assay dozens of samples for iduronidase myself. I was left little time for much else. I would not let the timeline go, but I also could not keep going at this pace without some help. 
 
    After two years of working with Bob Shull, I had very good data showing that the tissues of MPS I dogs were improved substantially after getting as little as one to two milligrams of enzyme once per week. This tiny dose showed that the enzyme was being delivered very efficiently 
 
    to many tissues. Not every tissue was cleared, so the process was not perfect, but the enzyme nevertheless had a profound effect. 
 
    The data were compelling. Our enzyme therapy was really changing the disease at the biochemical level. Despite the limitations we knew existed, we felt that patients would benefit. How much more could we do in dogs while MPS I patients waited? This dilemma was brought home at a meeting with MPS families in Raleigh, N.C., in the summer 
 
    of 1993, when I presented the canine data for the first time. I highlighted the improvements we were observing and how this therapy might prove useful for patients, saying that I thought the work should provide some hope for the families. A father stood up at the end, both happy and frustrated. “I am thankful that you have worked on this treatment and got good data in the dogs,” he said. “But why are you giving this enzyme to dogs when my kid could use it? We need you to give it to us. Giving 
 
    it to the dogs is a waste.” The urgency in his exasperated voice and the horror he was facing was painful, but honest. He needed something now and talking about research that did not help his son was not much value. 
 
    Of course, I had no choice: Strict rules prevent scientists from just taking something from the lab and experimenting on human beings. We must first see if it works safely in animals. We also have to manufacture pharmaceuticals following the high standards required for human use. Neither of these had been done. But his point was clear. I was lucky to have strung together enough money to treat a few dogs, but getting to patients was beyond my skills and resources. It would take much more money, as well as people who knew what they were doing. 
 
    I felt helpless when that father put his question to me. I realized that no matter how much research I do, if I can’t get the therapy to the patients, I have done nothing useful. 
 
      
 
      
 
      
 
      
 
      
 
    Chapter 7: The Search for Money • 1993 
 
      
 
    Liz and I faced a big question: Could we deliver the enzyme to human beings? I had already experienced the challenges of making enzyme in an academic setting. If we could get the therapy transferred to professionals who knew how to manufacture enzyme and run clinical trials in people, then I could move on to a more scientific project on gene therapy. That way, skilled people could make the large- scale, high-quality pharmaceutical-grade enzyme that patients needed. 
 
    To achieve such a goal would take a significant investment, much more than I had been spending to that point. Universities like UCLA fund scientific research, often with grants from the NIH and other funders. While grants may be enough to discover a possible idea for a treatment, the amounts are nowhere near enough to develop and manufacture drugs and run all the trials necessary to get approval. To get to the next level, we needed outside funding or a company to pick up the project and take it to the finish line. 
 
    The national MPS Society typically did not fund research; its leadership at the time, whose children had died of MPS, felt that they had been burned by the false hope of research. Instead, they told families to devote their resources to their children’s care. 
 
    However, they had a fellowship fall through, which meant they had some leftover money they could put toward research, so Liz 
 
    suggested that I apply for a grant. I sought $19,000 to buy a bioreactor, a particular piece of equipment that would help me make the enzyme on a larger scale. Steve Holland, who later became president of the Society, said that at that time, they couldn’t figure out how to deal with funding the purchase of a single piece of equipment. “They were hung up on who would own the piece of equipment after the grant was over,” Steve said. 
 
    I didn’t get the bioreactor, which, at any rate, would not have been enough by itself to get the treatment to patients. 
 
    Liz and I felt the best route forward would be to find a biotechnology company to invest in the project, if not take it over completely. Early in 1993, with the preliminary results in hand, we decided to approach companies that might be interested. I had never done “business development” before and didn’t know how to pitch a product idea to a company. We just thought we could call people, meet with them, show them our data and see what they thought. 
 
    Our only comparable example at that time was an enzyme therapy called Ceredase® for Gaucher disease, a genetic disorder with some similarities to MPS I. Genzyme, a biotech firm in Massachusetts, steered Ceredase through the Food and Drug Administration (FDA) approval process, and patients were getting the therapy. MPS I is much rarer than Gaucher disease, which affects about 6000 patients in the 
 
    U.S. We estimated at the time that MPS I affected perhaps 200 people in the U.S. and only 600 worldwide. It seemed unlikely for a company to invest the many millions of dollars it would take to develop the treatment for something so rare. Still, Liz and I, in our naïveté about the business world, hoped that with Ceredase’s success, someone would see the potential in enzyme therapy for MPS I patients. 
 
    We first tried a local company in Santa Monica originally called Ingene, started by some of Liz’s former UCLA faculty colleagues. Ingene had been bought by Xoma, a San Francisco Bay Area company, but it maintained its Santa Monica location, which was only a short drive from UCLA. Liz connected with the director, an ex-UCLA professor named Gary Wilcox, who had cofounded Ingene and still worked there. Gary immediately invited us to come by and show him what we were doing. 
 
    Liz and I arrived on that day in March 1993 to find a nondescript building with a poorly marked side entrance. The door was locked, and we wondered if we had the wrong address. As we were checking our calendar books to confirm it, someone buzzed us in. Inside, the place had been completely redone in spectacular fashion. Gary was warm, gracious, and respectful of Liz. I was struck by how odd it was to see the academic professor now acting as the pharmaceutical industry leader. 
 
    Gary brought Liz and me to a small auditorium, where we met a team of scientists and executives. Liz provided the background, and I followed with a rundown of our research, the manufacturing of the 
 
    enzyme, and the treatment of MPS I dogs. The group asked questions, and everyone was cordial and polite. Sandwiches were brought into a separate conference room, and we kept talking about the work. They told us about their programs, including an interesting anti-sepsis drug, and BPI, a peptide that acted like an antibiotic. They were excited about their work and, I sensed, not so excited about ours. After all, MPS I was rare. They were working on projects that more people, including investors, were interested in. 
 
    I took the opportunity to ask for advice about our production process and scale-up. It was hard to get good information on protein production, since so much of it was proprietary and not in the science journals. I was trying to purify a protein from a lower concentration of medium than most, and I hoped their experts could provide some special biotech guidance that never seems to be available publicly. 
 
    At that time, they were making their mammalian proteins (ones made in Chinese hamster ovary cell lines, the same cells I was using) in roller bottle systems. I moved on to ask about nutrient medium. They used the same serum-containing medium I did. They explained their method, but I knew from experience that theirs would not work well for a protein like iduronidase. I was surprised that they hadn’t developed a more sophisticated procedure or media for production. 
 
    By the end of lunch, they worked their way around to informing us of their verdict, which I suspected they had decided on before we even arrived. MPS I was much too rare for them. They were a smaller biotech company, and they had to focus their resources on their exciting sepsis therapy and other products with greater market potential. I had hoped Liz’s connection and the reverence Gary had for her achievements would have some impact. Indeed, it’s why he extended us the courtesy of the meeting. But it could not change the reality: MPS I was extremely rare. 
 
    Ironically, the products those Xoma scientists were working on later all failed in clinical studies and were never approved. The enzyme we presented to them eventually passed FDA muster and earned revenue before Xoma ever had an approved product. 
 
    I did not know it at the time, but I was on my way to learning my first rule of biotechnology business: A large-market product that fails to work has a market value of zero. 
 
    After the visit with Xoma, I tried calling Amgen, since they had hired a number of people affiliated with UCLA. My PhD advisor, Kathryn Calame, had consulted for them at one time. I called a number of post- docs, others in research, and even tried the main numbers, but no one ever returned my calls. I did connect with one nice guy in the production research lab who gave me some useful advice about the production of proteins. But we did not get the time of day from anyone else at Amgen. They had much bigger products in mind. They seemed to have forgotten that their treatment for anemia, Epo, was thought to be a tiny market product when it was first developed as an unsanctioned pet project of one scientist there. It later became a multibillion–dollar, worldwide product. 
 
    Biotech Business Rule #2: The ultimate value of a product is rarely related to the predictions prior to its launch. 
 
    Indeed, that lesson also contained Biotech Business Rule #3: If a product actually helps patients, even a small number, it can get approved and potentially be successful—and then, sometimes, further study of the therapy might uncover other uses. Even products that achieve only 
 
    a limited success cannot be readily dismissed in the high-risk area of biotech. Most of the really big biotech products started out with small market projections. But we couldn’t seem to find someone who would think along those lines. MPS I was so rare that our project seemed odd, even to people in the scientific community. 
 
    Getting desperate, I saw an ad for a rare disease scientific conference in Minneapolis and went to see what I could learn. Marlene Haffner, the director of the FDA’s Office of Orphan Product Development, gave a talk at the meeting about the Orphan Drug Act. Congress had passed this law in 1983, giving incentives to companies to invest in drugs that treat rare diseases. 
 
    I buttonholed Dr. Haffner after her talk and launched into my problem. I think she had heard the same story many times before, but she was patient as I rambled about MPS I, the enzyme therapy, the dog results, the production, and the need for a commercial partner that 
 
    could pick up the project and get it to the patients. She listened patiently, even though a crowd of others were waiting in an informal queue. 
 
    She suggested I talk to Bert Spilker, the CEO of Orphan Medical in Minnesota. 
 
    Even before founding Orphan Medical earlier in 1993, Bert had been working on the development of therapies for a number of rare disorders, giving him the experience that we would need. I thought this was a great lead, and I returned to Los Angeles with fresh hope. 
 
    Bert was gracious on the phone as I discussed the program and what it required. He was sympathetic, but the product was too small and too difficult for Orphan Medical, he said. Making the enzyme for patients requires commercial biotechnology production, which costs a lot of money. Orphan Medical did not do this type of protein production, and they would have to contract it out to someone else. Given the small size of the market, this was just not viable for them. MPS I was too rare, even for a company devoted to rare diseases. 
 
    Rather than give up, we now turned our attention to Genzyme, which we thought could be a fit. Genzyme was making the only approved enzyme therapy at the time, Ceredase®, to treat Gaucher disease, another rare disease with a number of similarities to MPS I. Once again, it was hard just to get connected with someone there. Liz and I contacted Jim Paulson, who had been my MD/PhD counselor in medical school and was now an executive at Cytel, a biotech firm in San Diego. He could not help us directly at Cytel, as our project did not fit their plans, but he could arrange for us to meet a contact at Genzyme. 
 
    Our meeting with Genzyme represented our last hope to find someone to understand our project and its value. Liz and I prepared some slides and information about the treatment, and I brought prints of our electron micrographs of the liver and spleen storage. We felt hopeful when we arrived at Genzyme’s campus in Kendall Square in Cambridge, Mass., that spring day in 1993. 
 
    Based on the pioneering work of Roscoe Brady at NIH in the 1960 and 70’s, Genzyme had accomplished the heroic act of developing the first enzyme replacement therapy, using an enzyme purified from human placentas. Production had proved incredibly difficult. To make just 
 
    one dose for one patient, the enzyme needed to be purified from 2,204 pounds (or 1 metric ton) of human placentas. The company had then taken the therapy to the next level, moving on from placentas and into recombinant cells, just like we were trying to do with the hamster cells. They called that new recombinant therapy Cerezyme® 
 
    The people at Genzyme had the kind of experience we would need to develop a drug and get a 12-patient trial approved. I felt they would understand our product and what we needed to do. 
 
    At Genzyme’s headquarters in Kendall Square, we were led into a sitting area to meet Scott Furbish, a scientist who had worked with 
 
    Roscoe Brady at NIH. The moment felt historic. For someone like me, working on enzyme replacement therapy, Scott was a giant in the field. He was the guy who conducted the groundbreaking work over many years to produce the placental enzyme for Gaucher disease. He had spent 20 years trying to get Ceredase to patients, so I felt he would know our battle like few others could. 
 
    Scott proved an engaging elder statesman and a warm and inviting host. Our preliminary discussion felt like a good start. He oriented us to the meeting we were going to have with the larger Genzyme team. 
 
    I started to spill out our exciting results with the dogs. I quickly pulled out the 5x7 black and white prints of electron micrographs, showing the structure of cells from MPS I dogs before and after treatment. He thought the data were exciting, and I was elated. We had finally found someone who understood. 
 
    Scott led us into a conference room, where perhaps a dozen Genzyme people were assembled along two sides of a long table. At the far 
 
    end head of the table was Rich Moscicki, Genzyme’s Chief Medical Officer, who presided over the team. Rich was a polished executive who conducted the meeting in a congenial and friendly manner. Others around the table included people involved in developing production processes for proteins, people studying the enzyme in patients, and businesspeople. Scott Furbish stayed for the meeting as well, which helped boost my confidence. 
 
    As before, Liz presented the background on the disease and the science behind our understanding of it. I picked up from there and went full steam through the production process and the dog work. I knew our cell culture process using the beads was similar to what they used for Cerezyme, the new recombinant enzyme for Gaucher disease, so I felt they would appreciate the choice. 
 
    The Genzyme team asked a few questions, but for the most part they just listened as I ran through my spiel. I could not read their reaction until I finished, when they started to provide their feedback. 
 
    To my dismay, I was fed a series of critiques from the junior people at the table about the production process, the pharmaceutical process, and the type of beads I used for enzyme purification. Their process development person mocked the purification, saying, “You can’t use 
 
    enzyme produced from ConA columns in people, everyone knows this. It leaches off the ConA into your product, and you can’t get rid of it easily.” I had no idea about this problem, or many others they raised, and I felt soundly criticized for not having put together a process that would be considered viable for commercial human enzyme production. 
 
    I steered the group back to our therapeutic results and away from manufacturing. “The enzyme clearly works and is very potent,” I said, “since this tissue improvement came from only 0.1 mg/kg dose, a 
 
    tiny amount of enzyme, when you compare it to the doses needed for Ceredase.” They didn’t even respond, and I feared I was alienating the group. 
 
    At that point, Rich interceded and talked about the allergic reactions I mentioned we had observed in the dogs. “The reaction you are seeing is probably due to complement activation from the antibodies to the enzyme,” he said. “Slowing the infusion can help that.” At that time, I was not familiar with complement activation and these types of allergic reactions. (Although we had indeed slowed the infusion with great results, we hadn’t understood exactly why it worked. “Complement” 
 
    is an immune protection system that normally kills invasive bacteria, but sometimes overreacts with dire results.) This proved to be by far the most important insight in the meeting and became critical later in 
 
    developing the therapy. Rich was correct about the reaction, enabling us to understand the mechanism of this reaction we were seeing and how to measure the problem. 
 
    Other than that one piece of constructive insight however, the meeting was not going well. I had thought the treatment result was the only thing that mattered. But the Genzyme scientists seemed more interested in cutting my work down, almost mocking it. In the end, Rich summarized the group’s view, which once again appeared to have been decided even before we arrived. 
 
    “We appreciate all the work you have done on this, but it is a project we cannot do right now,” Rich said. He alluded to Genzyme’s switch from the costly Ceredase to the synthetically manufactured Cerezyme. “We have gotten a lot of criticism for the price of Ceredase, and it has been a problem for us. We are not interested in getting more attacks for another enzyme product. The enzyme for MPS I might take $50 million or more to develop, and we don’t think we can make that back readily. The other factor is that Genzyme is heavily investing in gene therapy, which could eliminate the need for enzyme therapy.” 
 
    Rich delivered his comments honestly and graciously, but it did not make up for the tone and nature of some of the other team 
 
    members’ comments. 
 
    Genzyme had indeed taken an extraordinary amount of heat for the extremely high price of its enzyme-replacement therapy for Gaucher disease, and clearly, this played a part in the company’s foray into diversification to more common disease areas. 
 
    Later, I heard one executive note that the most important thing Genzyme invented was the high price for Ceredase, which is the reason that any therapies for ultra-rare diseases get developed at all. This might sound insensitive, but there was some truth in it. The only way drug development for ultra-rare diseases can work financially is if the drug is extremely expensive. Given the tens or hundreds of millions required to actually achieve approval and meet all the manufacturing and clinical standards, it would be impossible to succeed and recover the investment for a disease with only 200 US patients to treat. If the health system did cover the cost of the more expensive treatments, it would mean other rare disease treatments could be developed. But at that moment in 1993, Genzyme could not afford to take on another one. 
 
    Liz and I flew home, dejected, though I think she expected the rejection. She had always felt the possibility of translating the research to people was highly unlikely, since the disease was so rare. A treatment that appeared to work was stuck in the lab and might never help any patients. That outcome seemed intrinsically wrong. Thirty years of NIH- funded research and successful tests, and we could not complete this last step? 
 
    I was depressed, and I thought about Elie Wiesel’s classic book, “Night,” describing his crisis of faith during and after the Holocaust. My situation did not compare to his, but it still felt like a dark night to me— not because of evil being done under the view of God, but the tragedy 
 
    of failing to deliver something good to the world. We had created the possibility of changing the world of MPS I patients for the better, and it was being denied, or worse, ignored. 
 
    I started wondering if we could do this on our own. The prospect was daunting. I had only dribbles of money and no knowledge of drug 
 
    production or development. But if not me, then who? I began thinking up ways to raise money. 
 
    Liz’s NIH grants could never provide enough at the scale required. 
 
    Production for human use is not something the NIH will fund. I considered foundations or other sources of funding, but none worked in this area. 
 
    Steve and Milly Liu, benefactors of Harbor-UCLA, had done well as physicians and looked for ways they could pay it forward. They were donating money for specific projects, so I asked Milly Liu for 
 
    $20,000 to purchase a piece of purification equipment that could help my production. She met with me and looked through the lab. I think she liked my commitment and enthusiasm, as she gave me the money right after that one meeting. That grant did improve one piece of the project and it gave me some hope. Maybe there were others out there with good hearts and the resources to make it happen. But I needed hundreds of 
 
    thousands, if not millions, of dollars, and such a large sum could not be found easily. 
 
    I continued to make enzyme on a small scale and treat dogs when I could, but spending that money became more difficult when I did not know where the project was headed. That problem was compounded by a looming issue I had as a professor. 
 
    By 1994, despite my back-breaking schedule, I had published only one paper from my fellowship years on the production of iduronidase. This was considered far insufficient for a faculty member, and since my colleagues had given this technical project a lukewarm reception, my career in academic medicine was on shaky ground. The saying “publish or perish” means “Publish or go find another job, so we can give your lab to someone better.” Unfortunately, my project did not generate many publications. I had been so focused on the time-consuming process of 
 
    making enzyme and treating dogs that I had not taken enough care of my academic career. 
 
    Adam Jonas, my chair of medical genetics, had supported my work from day one, but at this point, he was truly concerned that my devotion to helping MPS I patients would derail my career as an academic professor in pediatrics. With only one paper published in a technical journal with low esteem in academia, and one paper for a good journal coming out soon, I was woefully behind. By that point I should have published multiple papers and been on my way to writing fundable grants based on my work. I did not have much to generate a grant application beyond what Liz had already received from the NIH. 
 
    Adam was concerned that once my seven years as an assistant professor were finished, without NIH funding and without sufficient publications, my tenure would not be granted. I could work for years on this enzyme project and end up without tenure. He had seen this happen to another colleague who burned up a decade of effort and harmed his academic career, working on a treatment for another rare disease. 
 
    I was forced to make a stark decision about my very identity as a researcher. Originally, I had set my direction in academic medicine towards publishing research papers, getting grants, and becoming a tenured professor. On the other hand, I was in a great position to treat a disease that had never been treated. It did not appear that I could do both. Would I sacrifice my goal of treating these kids, given all the barriers, in order to publish papers on other projects to save my academic career? 
 
    I had one distinct advantage. As an MD/PhD who had finished my pediatrics residency training, I could always become a pediatrician or a clinical genetics doctor if my academic research career ended. It was not the plan, but I could do it if I had to. But one disturbing thought kept coming back to me. What if I was an attending doctor in a clinic, a decade from now, and an MPS I child came into the office? I would be unable to do anything to help—because I would be one of those scientists who had abandoned a project that could have helped that kid. 
 
    I realized that the MPS work could be my one shot to treat an untreated disease. I could spend 30 years playing the academic career game and never have this opportunity to treat a disease again. If I failed after doing everything possible, with nothing held back, I could at least take pride in the effort. If I lost the academic position due to the failure of the project and became just a doctor only, it was for a good purpose. 
 
    I knew then I had to push forward. I did not know where the money would come from, but I hoped that somehow, it would work out. Having seen my father take projects from scratch and do what it took to succeed, I realized I had to do this too. Find a way to win. This was my shot, I told myself. Don’t waste it. 
 
      
 
  
 
  
   
      
 
    Chapter 8: The Power of Friends 
 
      
 
    Even before I started struggling to finance the development of the therapy, thousands of miles away, Mark Dant had already sold his cookies and cakes at the First Western Bank in Carrollton, Texas. Neither of us knew of the other yet. As Mark sat in his truck after that bake sale, listening to the rain, he alternated between hope and despair. He knew 
 
    he needed to raise money, but he did not know what to do with it. When Jeanne got home with Ryan, they walked into the kitchen. Mark handed Jeanne the green cash box. She took out the stack of bills. 
 
    “So how’d you do? Looks like a lot.” “There is $342.” 
 
    There was a long pause as Mark stared at the money and then back at Jeanne, who met his gaze. 
 
    “So now what do we do with it? That’s the question I keep asking myself. Somewhere, someone will need this, but who?” 
 
    Mark and Jeanne looked again at the money spread out on the kitchen table, wondering what they could possibly do to help their boy. The challenge was overwhelming. They had no experience or ideas of how to go about saving Ryan. They had never run a charity or asked people for money. 
 
    Yet the sense of urgency was increasing. Each day, Ryan got worse. His body was getting stiffer, and his mobility was changing before their eyes. Each night when Ryan went to bed, they heard him snoring more loudly than ever. The disease had started blocking his airway again. He was having such severe headaches, he would have to come home from preschool. Sometimes he just passed out and slept for hours. With all the changes in his body and the worsening of his symptoms, the Dants knew tougher times were coming. 
 
    Mark continued staying up late each night, reading about Ryan’s disease in any book he could find. 
 
    “Dr. Waber, to his credit, knew I wanted to learn,” Mark said. “He was a professor at Southwestern University, and he gave me a lot of his textbooks—things like ‘The Biology of the Human Cell.’ I would ride in my squad car and pull over and read. A medical dictionary helped a lot. I’m not a scientist at all. My only objective was, when I found scientists, I wanted to know what to ask.” 
 
    Mark could barely endure seeing the pictures of children who had progressed to the advanced stages of the disease, and he decided to focus on treatment options, any research that might lead to a therapy, anything that would offer a shred of hope. Those were few and far between. Two names did keep popping up, those of Elizabeth Neufeld and of Joseph Muenzer, one a researcher, the other one a physician, who seemed to know the most about the disease. As Mark was still not sure what to do, he didn’t think about contacting them directly; he didn’t even consider that was an option. 
 
    He learned about Hurler disease, a more severe type of MPS in which people are missing the same enzyme that Ryan is missing, and he came across a procedure called bone marrow transplantation that helped some Hurler patients. The problem was, the procedure also had a high death rate—ranging between 10 and 50 percent at that time—and the Dants did not regard those odds as very good. The procedure for kids over age two was not as successful and maybe even more dangerous. It didn’t seem like the right choice for four-year-old Ryan. 
 
    Mark later told me, “Jeanne and I had different perspectives, in that I wanted to know everything I could, and Jeanne chose to know as little 
 
    as possible about the specifics of the future. I tried to shield Jeanne from the horrible images and findings for kids with advanced disease, but in my mind each night, I thought about Ryan dying. How was I going to tell Ryan?” 
 
    Jeanne’s feelings made it difficult for Mark to sit around the house and read papers from medical journals that were the forecasters of their future. So Mark took them to work and read them in his office at night. He was one of the night shift patrol commanders at the time, and many nights, he would close the door to his office and highlight passages on his photocopies. 
 
    “Much of the text was written in complex medical terminology,” he said, “so I checked out several medical dictionaries and tried to decipher the articles, and I would write notes in the margins in actual English.” 
 
    After the bake sale, Mark and Jeanne continued holding fundraisers like barbecues and raffles, taking in small sums. They sent all of the money they raised to the National MPS Society. 
 
    At that time, the president was Marie Capobianco, the mother of two MPS children, who had started the society in 1974 after meeting other families at an NIH meeting. Marie had built a national organization from nothing. She was a mother of two children diagnosed with Sanfilippo syndrome (MPS Type III), which affects the brain more than other MPS diseases. She tried everything doctors suggested and participated in a clinical trial, but nothing helped her son Michael or daughter Danielle, who both died before age 20. 
 
    The National MPS Society encouraged families to appreciate their child’s life while they had it, believing that research funding was a dead end for MPS and wasn’t the right thing to focus on. “Scientists will tell you they’ll find something, but they won’t,” Marie would say. It is easy to understand Marie’s disillusionment with science. Research had failed her and many parents, and the large amount of money spent on it could have been better spent supporting families and making the most of the time they had left. 
 
    “Marie’s comments sound harsh, but that was absolutely the message,” Mark said. “I didn’t believe that yet, and I also thought it was important to have a face-to-face with scientists to get a gut feel about their objectives.” Of course, the difference here was that Ryan was so young, and the time for surrendering to the disease had not yet come. 
 
    The society’s magazine was called Courage, emphasizing the point. “It was painful to read, but I read it every time,” Mark said. “It had almost nothing about science. If it was, it was in the back, in the most technical terms.” 
 
    Mark and Jeanne’s grief over Ryan’s diagnosis and his increasing struggles transformed steadily into action. “I realized that we could not just continue to hope that things get better. We had to do something,” Mark said. The family’s idyllic life course had been forever altered, and they had developed a true fear of what was coming. 
 
    Mark and Jeanne also realized that they would need a lot more money to make anything significant happen. They dreamed up all kinds of fundraisers. They staged a chili cooking competition, raffles, and even a boxing match. They also got some publicity, which led to at least one bright moment. The Dallas Morning News wrote about Ryan, and one of Mark’s colleagues at the police department reached out to the Texas Rangers and told them about Ryan and his love for baseball and specifically for their star pitcher, Nolan Ryan. (His fandom was not 
 
    a coincidence.) The Rangers called Mark and told him the legendary fireballer wanted to meet his son; Mark told the representative that Ryan had said that he wanted to meet Nolan one day and give him a baseball he would “autographed” (as he put it) for Nolan. 
 
    “The next home series, Jeanne, Ryan and I met Nolan outside the Rangers clubhouse,” Mark said. “When he first came out, Nolan looked at Ryan and asked him if he had brought the Ryan Dant autographed ball for him. Ryan was only 4, so he could not yet write his name and, like an idiot, I had forgotten all about Ryan wanting to give Nolan a ball.” 
 
    That’s all right; there were plenty of balls at the ballpark. Nolan produced two balls—one for Ryan to “sign” for him with a couple of squiggly lines, and one he signed for Ryan. “Our last view of Nolan Ryan,” Mark said, “was of him walking back to the clubhouse with Ryan’s ‘autographed’ ball in his back pocket.” 
 
    The small fundraisers were fun, but then the Dants came up with their biggest idea yet: a large golf tournament. Mark liked to golf, and he knew that many charity tournaments had done pretty well. They knew it would have to be supplemented with raffles, a silent auction, and a live auction. The Dants’ friends rallied around like neighbors for a barn raising. The families felt deep sympathy for the Dants’ plight and started helping them any way they could. 
 
    Jerry Pomposelli, a police detective who worked with Mark, along with his wife Tina and their daughter Kasey, wrote hundreds of letters and walked miles with Mark, asking for gifts to use as auction items. The Pomposellis kept donated items at their house all year. Kasey also put on a fundraiser at her school called the “Penny Wars,” raising $4,000. 
 
    Kent Johnson worked in Carrollton City Hall; he and his wife Lynette were a great help. Kent and Mark walked the floor for three days at a golf expo, hoping to make some golf connections and get something donated for the tournament. Mark would often get emotional, but Kent calmed him down. Kent would find balance in the message and laugh off the people who treated them rudely. Kent was so concerned about Mark and how consumed he was by the process that he suggested Mark might be better off just spending time with Ryan while he had it. Mark did not follow the advice, but he appreciated the sentiment. 
 
    Many families who helped with that first tournament stayed involved over the years, including the Bramletts, the Korpiels, the Verrets, the Buchanans, the Truxals, the Rotundos, the Wenzels and the Kottaks. 
 
    Dean McCurry, who volunteered with his wife Gail, became the auctioneer and had the right combination of spirit and spice to make the auction items sell. The Delaneys were always there for Mark. His friend James Jeter started videotaping the events. There were times that the families did not sleep all night or even all weekend, setting up for the tournaments. It was hard to imagine any friends or neighbors doing more than Mark and Jeanne’s friends around Dallas. 
 
    Mark still needed a major sponsor, but despite all the friends’ help and connections, he had not found anyone yet. He continued to go door to door to find supporters for the tournament and the foundation. He walked into dozens of stores and asked for help. He would show the owners a picture of Ryan with his dad and try to convince them to help. Most would say no, but if only one of them said yes, that was a good day. Step by step, Mark built up a support base of friends and donors. 
 
    Things changed one special day when he walked into the small Adams Golf store and met the owner, Barney Adams. Barney was about to invent a new type of golf club and rocket to major international success, but at the time, he was still just a regular guy with a single 
 
    store. As Mark talked about their tragedy, showing pictures that revealed Ryan’s winning personality, Barney committed to helping the family. 
 
    Adams Golf became a key contributor to the fund-raising effort. Mark had the major sponsor he needed. 
 
    In April 1993, the Dants put on their first golf tournament. It featured 186 golfers at the Los Rios Country Club in Plano, and 250 people attended the gala and auction that evening. Ryan had a magnetic personality and would get set up at the shotgun start of the tournament, so he could personally greet every cart of golfers heading out to the 
 
    course. His outgoing personality helped make the tournaments a success, as everyone wanted to help Ryan. Jeanne worried that all the people and the big event would be too much for Ryan, but “he had a lot of energy for it. I don’t remember times where he lost it or couldn’t do it. There were always things he was able to do to support the functions.” Adding the golf tournament to the proceeds from a few other events—more bake sales, a boxing tournament, a chili cook-off and raffles—the Dants netted $38,000. They gave all the money to the National MPS Society. 
 
    Ryan was now five years old, still a very small child, and he wasn’t yet aware of MPS. Jeanne and Mark had always agreed that they wouldn’t lie to him about what they knew, but they wouldn’t tell him anything unpleasant, unless he asked. 
 
    Mark recounted, “For some reason we thought that would be easier on him. In retrospect, I know it was also much easier on us.” 
 
    Just before the tournament, Ryan put their resolve to the test. “Ryan asked why he had to go to the doctor more than everybody else in his class,” Mark said. “It was then that we told him he had an illness called MPS that makes him sicker than other kids. We told him that we were trying to help, though, and that’s why we are having the golf tournament and other events. He once asked what we were going to do with the money and all we told him was that one day we would find a doctor 
 
    who would make him a very special medicine that would make him feel better. He seemed satisfied with that and didn’t talk about it again for a few months.” 
 
    The MPS society was really pleased with the money raised, but the Dants had nagging doubts about how it would be spent. As many 
 
    children of the founders and main supporters had died or seemed beyond help, the society had decided to focus on support for families while funding only small research projects. Mark also struggled with the notion that the research might be futile, but he ultimately decided that’s where he wanted to put his money. There had to be a scientist out there who could give them a chance. Mark felt he only needed one. He knew he wouldn’t be able to raise all that much money, even with the most successful of golf tournaments, but if he could find one number on which to place all of his chips, he might have a chance at finding a cure, or at least a therapy. 
 
    Mark realized he couldn’t wait for the society to find that scientist. He started attending science meetings on his own. He heard about a meeting in Düsseldorf, Germany, in May 1993, on lysosomal storage disease, the same type of disease that Ryan had. He expedited his passport, Jeanne got him an American Airlines ticket, and he went to the conference. 
 
    That’s where Mark heard Dr. Roscoe Brady, a researcher at the National Institutes of Health and a pioneer of enzyme replacement therapy (ERT.) Brady was the legend who developed Genzyme’s drug Ceredase, and he lectured about using ERT to treat Gaucher disease. He brought on stage a 12-year-old girl who had been receiving this new drug, and he showed before and after photos, showing surprising improvement. Mark had never heard of enzyme replacement therapy, but it seemed like a simple concept: Give the kid back the enzyme he or she is missing. Brady was a giant in the field. A former Navy officer and a native Philadelphian, he was tall, with white hair and an irascible temperament. As intimidating as some people found him, Mark was determined to talk to him. 
 
    “I recall he seemed to own the stage when he presented his Gaucher treatment,” Mark said. “It was the first I had heard of an Enzyme Replacement Therapy program, so one way or another, I was going to get time with him. I did follow him through the crowd, out of the ballroom and down the hallways, until it was just him and me. We were about the same height, so when he turned around as he realized I was following him, we were eye to eye. He stopped, but I didn’t give him a chance to speak. I just said hello, pushed play on my video camera with the VHS tape of Ryan playing baseball queued up and said, “This is my son, Ryan.” 
 
    Mark had taken the video only the week before, of Ryan playing tee ball for his team, the Dodgers. “I asked him to watch and tell me if he thought Ryan could live long enough for ERT to work for MPS I,” Mark said. “He was incredibly matter-of-fact: ‘ERT for MPS I is possible, but you don’t have two things you will need for your son: money—and it will take a lot—and time.’” 
 
    That would have discouraged some people, but not Mark. “Believe it or not, I remember thinking that was good news, because he said it was actually possible. All we needed to do was find the scientist who would do it. The money would be step two and would be an ongoing process.” 
 
    In 1993, the National MPS Society told Mark that it wanted to have its ’94 conference at Disney World, but it had too little funding to pull it off. When they told Mark that they would be asking several leading 
 
    scientists to speak at the conference, and one of them would be Elizabeth Neufeld of UCLA, Mark committed to funding the conference with 
 
    100 percent of their net. That way, he thought, maybe he would have a chance to talk to her one-on-one about the concept he had heard at the symposium in Düsseldorf, “enzyme replacement therapy.” 
 
    That next year, in 1994, the Dants and all of their friends put together an even larger tournament of 220 golfers and 300 people at the gala 
 
    and auction. They raised $42,000. The entire proceeds went to fund the Disney World conference for the National MPS Society that December. As promised, Elizabeth Neufeld addressed the Disney conference, sharing whatever insights she had gleaned while studying MPS I. After 
 
    her talk, Mark caught up with her in the hallway and asked if she knew a way to save Ryan. The timing of this meeting could not have been better. Liz told Mark that she was working with a young researcher on enzyme replacement therapy for MPS I, and that they were getting good results treating MPS I dogs. But the researcher had run into a problem: He was having trouble raising enough money to push his project forward. 
 
    Mark was ecstatic, thinking of what this might mean for Ryan. Enzyme replacement had worked in another disease of this kind. He had seen the amazing pictures in Düsseldorf. He decided at that moment to no longer give his fundraising money to the National MPS Society. 
 
    Mark now sought his own path towards a treatment for Ryan. He started the Ryan Foundation, an independent charity, rallying his friends and volunteers around a new, concrete goal: raise money for enzyme replacement therapy. 
 
    Time was their biggest challenge. Ryan’s symptoms continued to worsen. 
 
    Now age six, he was struggling in school. His severe headaches and passing out episodes had increased, causing him to miss many days. 
 
    Sometimes, his headaches were so severe he would vomit. He had surgeries for carpal tunnel syndrome and for his hernias, which also kept him out of school. He missed so much time that he wasn’t promoted to second grade with the rest of his classmates. The news came as yet another blow to the family and to Ryan’s feelings about himself. He was already slowing down on the baseball and soccer fields. Now his friends would move on without him. 
 
    Ryan remembers how hard his parents tried to give him a normal childhood. “It just seemed normal to me,” he said. “I didn’t realize other kids my age didn’t do what I was doing—all the tests, the sleep studies with wires on my head, the hunt for a vein from which to draw blood. 
 
    “When I was young, my friends treated me no differently,” he said. “I’d have stayovers. I’d go to the hospital, have some tests done, then ride my bicycle around the neighborhood.” 
 
    But as the medical ordeal wore on, his circle of friends narrowed. “He’s always been more comfortable with adults than with people his age,” Jeanne said. “Adults are just more accepting of people who we know have problems. Kids treated him differently and that was hard for him.” 
 
    The Dants’ friends “tried to be the friends he didn’t have,” she said, “and he reacted to that.” 
 
    His parents became his closest friends. When you have a child with a terrible disease, you’ll do anything to make that child happy. “We were always just each other’s best friends,” Jeanne said. “I was his 
 
    entertainment committee. I spent many years in our kitchen in Carrollton playing ping-pong or air hockey or throwing a ball. He just loved to do that.” 
 
    She remembers one Saturday in particular when Ryan was about 6 years old and Mark had to work. They went to an indoor park called Monkey Business and stayed all day, just having a blast, with Jeanne joining Ryan on trampolines. In that pre-cell phone era, Mark couldn’t reach them, and couldn’t believe they were gone that long. Another time 
 
    Ryan hid out in a tunnel at a McDonald’s ball pit, and Jeanne’s mom— convinced he was stuck—crawled into the tunnel after him. 
 
    “We all just ended up being his friend too,” Jeanne said. 
 
    Ryan was grateful. “My parents never told me their fears,” he said. “They let me live life to the fullest.” 
 
    Every so often, Ryan would ask questions about his health. Mark and Jeanne had gotten into the habit of lying down with him at night, after days in which he had an episode, such as an intense headache. When he had been four or five, Ryan had asked questions about when he would get to drive or have his own car or house. But by late 1994, he stopped talking about the future. 
 
    One day, the school called Mark because Ryan had vomited from a headache. He vomited again on the way home, and then, as often happened, he slept most of the rest of the day, from that morning until late evening. Ryan had a beloved dog, Patti Jill, an orange and brown Shetland sheepdog mix. Ryan had named her after Patti Mayonnaise, a character in his favorite cartoon, “Doug,” and Jill, the sweet little girl he had a crush on in daycare. He had picked the dog out from a Sheltie rescue shortly after his diagnosis, and he often liked her to sleep next to the bed. 
 
    “Patti always seemed to know when Ryan was ill or sad,” Mark said. “She would lie next to him in those moments and just not get up until he did.” 
 
    When Patti lay down that day, Mark lay down too. Outside, the neighborhood was quiet and settling down. Mark took a breath and sighed, embracing a peaceful moment at the end of a tiring day. 
 
    Suddenly Ryan spoke softly and clearly. 
 
    “What will it be like when I die? Will Patti be in heaven with me? 
 
    How long will I have to wait for mom and you to meet me there?” 
 
    Ryan had clearly been deep in thought on this question. Mark was shocked and horrified at the thought that his child was so calmly contemplating the prospect of his death. Holding himself together as best he could, Mark said, “Ryan don’t worry about that now, we are taking care of you.” 
 
    A long pause, held frozen in the air. Mark waiting for some relief in a simple response, but Ryan surprised Mark again. 
 
    “Dad, I don’t really worry about it, because I know it’s going to be okay.” 
 
    He then asked his dad the question Mark and Jeanne had been fearing all along. 
 
    “How long does Dr. Waber think I will live?” 
 
    Mark’s emotions welled up, but he tried to be strong for Ryan. “Ryan—Dr. Waber said, somewhere around 10 years old. But we are doing everything we can to help find the right medicine. So please don’t worry.” 
 
    Ryan sensed his father’s concern. “Dad,” he said, “it’s going to be okay.” 
 
    They both fell quiet. Mark still doesn’t know how Ryan was able to summon such a calm, mature, even wise response. 
 
    Soon, Ryan began sighing heavily and fell asleep. Mark lay there for quite a while and cried in the dark. 
 
    He didn’t tell Jeanne about that conversation for a long time, because he knew she would find it incredibly painful. Ryan never asked about heaven and dying again. He also never spoke again about his driver’s license or what kind of car he was going to get when he grew up. The future was gone for Ryan that day. 
 
    Ryan’s understanding that he would die soon had a profound effect on Mark. The sadness and stoicism of his young son reinforced his own resolve to not let that happen. Mark told himself, “I am not going to let you die. I am going to find someone or something to stop it.” 
 
    The shock of realizing that Ryan knew his fate so calmly and matter-of-factly drove the Dants to work even harder. The fact that he stopped talking about his future fueled a frenetic energy to do everything in their power to make sure he had that future. 
 
      
 
    Chapter 9: The Dants Find Their Doctor • July 1995 
 
    The newly formed Ryan Foundation had started raising some significant money. With their friends rallying around, putting in all kinds of hours and self-sacrifice, the Dants felt that they had a team behind them. Mark’s discussion with Elizabeth Neufeld had opened the door to an opportunity, a doctor in California working on a promising treatment for Ryan’s disease. All the doctor needed now was money, and the Dants were ready to get it. 
 
    The doctor, of course, was me—toiling away, mixing enzyme, running tests, working in the clinic and the lab, and scrambling around for funding. Excited by the prospect that they might have found their scientist, the Dants decided to come to UCLA and see what I was up to. That trip, in July 1995, turned out better than anyone could have hoped, even before our meeting. The story, as told by Mark Dant, tells a lot about how Ryan himself could make friends and inspire others to help him. 
 
    “Our trip coincided with Major League Baseball’s annual All-Star Game, which had been held the night before at the new Rangers’ ballpark in Arlington. Jeanne was working with American Airlines, so her job afforded us the opportunity to fly free, on a stand-by ticket, with a 
 
    few catches. For instance, if the only seats available were in first class, employees and their families had to wear business attire, which included a jacket and tie for men. The rule didn’t apply to kids, but Ryan liked to fly dressed that way, because he thought it made him ‘look older.’ Being a major baseball fan, he would wear a Ranger hat with his outfit. 
 
    “While we were waiting to board the flight, Ryan sat next to a man dressed in business attire, who struck up a conversation with Ryan about baseball. The man was Brian Golden, a sportswriter for several papers in southern California, including a small daily called the Antelope Valley Press. I remember Ryan and Brian talking the entire time about the All- Star Game and several MLB players Ryan had been following for a few years. Ryan, as a 6-year old boy, could engage a sportswriter and keep his attention, talking baseball. It was a great example of Ryan’s ability to connect, even with strangers in the waiting area at an airport. 
 
    “When we boarded, we were seated in first class, and Brian was in coach, but there was an empty seat next to me. Jeanne and Ryan were sitting across the aisle. As luck would have it, the airline issued two passengers the same seat assignment in coach; one of them was Brian. When they found their error, they moved him to first, to the seat next to me. Ryan wanted to switch with me so he could talk baseball with his new friend. We switched, and those two chatted for most of the flight. Ryan clearly charmed Brian and inspired him with his knowledge of baseball at age 6. 
 
    “When we landed at LAX and went to baggage claim, Brian asked me why exactly we were in L.A., and I told him the whole story about Ryan, the scientist we were meeting, and our hope for the future. Prior to leaving, Brian asked where we were staying, and he said he would get in touch with us. 
 
    “When we got to the hotel, there was already a message from Brian, asking us to pick up three tickets he had left at the will call window 
 
    at Dodger Stadium for that night’s game between the Dodgers and Marlins. He also asked us to meet him at our seats about an hour before the game. 
 
    When we got there, Brian escorted Ryan and me to the first row behind the first base dugout. While we were talking, Tommy Lasorda came out from the Dodgers’ dugout and yelled, ‘HEY, IS THAT YOU RYAN? COME ON OUT HERE AND TALK TO ME!’ Brian had set 
 
    the whole thing up and done an amazing job of it. 
 
    “We were escorted on the field, and Mr. Lasorda took us around to nearly all of the players, introducing ‘my good friend Ryan Dant’ to each of the players. We have several photos of Ryan with Mr. Lasorda, with Mike Piazza, with the pitcher Hideo Nomo, and others. Before we left, Mr. Lasorda brought us back to his office, where he told Ryan he wanted to give him an autographed picture of himself, but he wanted Ryan to commit to two things first: ‘Don’t let your parents put this in a cheap frame, and second, you have to send me an autographed picture of yourself when you get home, so I can hang it on my wall.’ 
 
    “The neat thing was that Ryan did send him a picture, and Brian sent Ryan a card later that year, saying he saw Ryan’s picture hanging on the wall in Mr. Lasorda’s office, surrounded by dozens of famous people’s autographed photos. 
 
    “Brian also wrote an article about Ryan’s meeting with Tommy and published it in the Antelope Valley Press the next week, titled, ‘With Fighting Spirit, Dant Inspires Others.’ He kept in touch with 
 
    Ryan for several years afterward, sending him postcards from different sports venues he was attending, like the Super Bowl and World Series games.” 
 
    The next day, the Dants made their way to the main UCLA campus to meet Liz and me. I was feeling hopeful, yet a bit awkward, having never been in quite that situation before. But the Dants were so down to earth and warm, it was easy to get comfortable. We all posed for a picture in front of bookshelves in the library near Liz’s office. Mark still has this cherished photo. 
 
    We talked about the goals of the research with enzyme replacement therapy and a timeline for the dog studies to move forward. I outlined what we were doing and why, trying to put it all into layperson’s terms. I told them we had already achieved promising results with enzyme replacement therapy in dogs with MPS I. The dogs looked better, and many organs were improved with only a tiny, one milligram dose. 
 
    The enzyme was so potent, I felt confident it would have an effect in human patients. However, I also knew that this treatment might not fix everything. 
 
    The Dants did not ask the question we were all thinking, “Will this save Ryan?” I did not know the answer, but I knew that if it was my child, I would give him the enzyme as soon as I could. That was always my test: Would I give it to my child? In this case, the answer was easy: Yes, definitely! 
 
    After the meeting, we walked down Westwood Boulevard into Westwood to eat lunch and continue the conversation. The challenge was to present the hope that the enzyme replacement could provide, but also the challenges and the uncertainty of what it would take. I focused on letting them know I was committed to getting to the end, with their help. 
 
    Mark and Jeanne were energized. They finally had a project on which to pin their hopes. They now had a clear objective for the money they raised: make enough enzyme of the right type and quality to be given to people and give it to Ryan. Anyone could understand that plan, and the clarity of purpose would inspire their foundation’s volunteers, the way runners pick up the pace as the finish line comes in view. 
 
    Mark later told me, “Jeanne and I had a lengthy conversation about how wonderful we felt about you, because you were so matter-of- 
 
    fact about what you were going to do. For the first time since 1991, I remember both of us having hope that science wasn’t pie-in-the-sky wishful thinking, but actually an avenue to realistic options. Our conclusion was that you weren’t providing false hope. It was also very obvious to both of us that you had the work ethic to do what you said you were going to do, which was to try and keep trying. We adopted the foundation’s tag line after our meeting with you that day, ‘Funding Science—Finding Hope.’” 
 
    They weren’t the only ones who were energized. Before the Dants came into my life, my project was really foundering, and I was feeling the frustration mount. I had struck out with Genzyme and other industry funders. My academic standing was in jeopardy. No one seemed to care deeply about this but me. Now, for the first time, I 
 
    saw a family up close, desperately fighting to stop the progression of the disease in their son. Ryan was a great kid, smart and very well- spoken for his age, calm and thoughtful. 
 
    Prior to the meeting, I lacked any personal connection to someone with the disease. By meeting Ryan and the Dant family, my project was no longer merely academic. This treatment was about saving Ryan’s life. Though I had my doubts, the Dants gave me new inspiration—not only that we could do this but, more importantly, that we must do it. They were depending on me. 
 
    The Ryan Foundation tournament in 1995 was dedicated to funding our work, and 288 golfers raised about $60,000. To me, that sum was a great start. It was as much as I had received from my institution up to that time. We were galvanized. 
 
    The Dants then asked me to come up with a figure for how much this effort might cost overall, so they could have a target. Never having developed a drug, I came up with an estimate based on what a researcher would need to produce enough enzyme, adding in some costs for the required safety testing. I thought that an additional 
 
    $500,000 might be needed just to get enough people and supplies to make enough enzyme to treat a few children. It was a best guess, but I did not know nearly enough to be providing the estimate. It seemed like a large number, yet as it turned out, it was way too small. 
 
    Looking back, I realize one of our big advantages was that we didn’t know how big the hurdles in front of us were. This turned out to be a good thing. If you know too much, you might never start down an impossible path. 
 
    Rather than focus on how large the sum was, the Dants set off to raise the money. I took even more inspiration from their can-do spirit. We could not let anything stop us. Ryan was too precious. 
 
  
 
  
   
      
 
    Chapter 10: A Key Connection • 1996 
 
      
 
    I approached the tee with a 3 wood in my hands, trying to look like I knew what I was doing. The 1996 Ryan Foundation Classic Tournament was being held at the Hackberry Creek Country Club in Dallas, and I was teeing off on the first hole in the second set of 144 golfers. Mark, 
 
    a member of my foursome, was standing by. Also standing by: a large gallery of Ryan Foundation supporters and friends who had gathered to watch the good doctor tee off. 
 
    Given that I had played golf only a few times, I fully expected to embarrass myself. The only question was, how bad would it be? 
 
    Although how I fared in golf did not really matter, I still preferred not to look like a clumsy nerd. I squared up the ball as precisely as I could, consciously adjusting every body part that did not know exactly what to do, and proceeded to swing earnestly, with the best form I could muster. 
 
    As I swung through, my club barely clipped the top of the ball, and it trickled forward, bouncing slowly, barely reaching the ravine that 
 
    separated the tee area from the fairway, then sadly falling in. Despite the flub, the gallery clapped and cheered enthusiastically as if it had sailed more than 300 yards. I greeted them as if I was Tiger Woods after hitting a booming drive, giving a victorious wave to the crowd. Mark was reassured. “Your golf game is not getting any better,” he told me, “and that means you must be working in the lab, which is good.” I took some solace in that explanation and used it liberally as an excuse throughout the tortured 
 
    18 holes. 
 
    Playing golf at the Ryan Foundation tournament was nevertheless the right thing to do. How could I refuse the host who was raising money for my lab? Despite losing more than a dozen new golf balls and the embarrassing exposure of my athletic deficiencies, I was able to tolerate the four to five hours on the course by talking extensively with Mark about the progress I was making. 
 
    My introverted science lab personality was learning to be out front, talking to people. This was not just a game. I had to impress people and enlist them to invest in our mission, no matter how impossible or improbable. I needed to be gregarious and enlightening, inspiring and uplifting. I had not done any of this before. 
 
    After the tournament ended, the gala party began, with a huge silent auction, dinner, live auction, and dancing. Ryan was the charmer at these events, getting up on the tables and dancing. He was as inspiring as any kid with a rare disease could be. He was well-spoken like a professional, heart-warming and inspiring. 
 
    Ryan was the star of the evening, which featured a large supporting cast of a couple of dozen volunteers, all communicating by headsets, managing every moment. I greeted the many supporters, though as usual, my memory for people’s names came up empty. I had no trouble remembering biochemical names, but human names just wouldn’t stick. I could never run for political office. The supporters didn’t mind; they were thankful and seemed sincerely honored to meet me. So many people were looking at me expectantly, for Mark had told them I was the good researcher working to save Ryan. These were warm-hearted, socially-confident Texans, good people with the sincere desire to help. Everyone treated me royally, but their expectations only raised the stakes. If I failed, I would be letting all of them down. 
 
    The Foundation that year raised $75,000. Mark’s friend Dean McCurry proved a perfect auctioneer. Dean was a salesman for Western Digital and had an enthusiastic, larger-than-life personality that really got people bidding. He could sell practically anything to anyone. I even bought a trip to Tahiti. I never went, of course. Who had time? 
 
    Mark’s prodigious networking paid off in other ways. Another parent at the small, Catholic school Ryan attended called Steve Blow, a columnist at the Dallas Morning News, and told him of the Dants’ efforts. One day after school, Blow, Mark, and Ryan met and went out for ice cream. The next day—with the IRS deadline of April 15 approaching—Blow’s column ran: “Dad’s Deadline Puts Ours Into 
 
    Perspective.” The column noted a particular dilemma Mark had. I had told him I needed $200,000 to complete the next phase of the research. So even though he had raised an impressive sum, he was $125,000 short of what he wanted to deliver. Blow wrote: “Is there a special angel who could bring this family $125,000?” That day, a woman called Mark and said she could give him the money. He was naturally suspicious. “At the police department, you can imagine, we get a lot of people who make up things,” he said. “I told her, ‘Great, meet me at the police station.’” 
 
    The next day, a well-dressed woman came in and gave him a check for $125,000. “She said, ‘Before I give this to you, you have to promise me: Never tell anybody who I am, or where you got this money.’” Mark agreed, of course, but he asked for her story anyway. Her grandfather had grown wealthy in the oil business and insisted that his family learn the value of money—and of philanthropy. Every year, she and her family found special charitable causes to donate to anonymously, and she was moved by Ryan’s story. 
 
    Mark asked her, “Can I call you when we have other issues?” And she replied, “I want you to call me all the time.” 
 
    Over the years, she began matching every dollar the Ryan Foundation raised. Mark has kept his promise to her, and even now, all these decades later, I still don’t know the name of this woman, this angel, who funded so much of my critical research. 
 
    Having started with a $342 bake sale, Mark and the Ryan Foundation were gaining skill and the confidence that they could get the money needed. But was it enough? 
 
    I was concerned that I did not know what our financial needs really were. The number I had given Mark seemed to me the minimum amount to get to the next step. But I had never produced enzyme for people before, and I did not know all the challenges we would encounter, or the rules and requirements from the FDA. 
 
    In May 1996, back at the lab and armed with the Ryan Foundation’s new infusion of cash, I started planning the production of enough enzyme of sufficient quality. The funds would allow me to start hiring people and to buy some critical equipment, specifically a 19-liter controlled bioreactor system to produce larger amounts of enzyme. 
 
    I knew I would have to meet pharmaceutical standards for quality and safety in protein production. But I had never produced a protein in compliance with federal regulations—known as Good Manufacturing Practice, or GMP—which describe how biological products are to be made. I did not even know where to find the regulations. The internet was not yet a source of information back then. I looked up phone numbers and just called the FDA, where I got passed around to different people, until I finally found a helpful person, who told me my production facility needed a license. To get licensed, we had to meet certain standards. Then I would have to follow another growing set of rules called “points to consider.” These govern the use of live cells and the production of products like enzymes. The person agreed to send me the guidance documents in the mail, and I anxiously awaited their arrival. 
 
    At last, I received an oversized envelope containing a half-dozen fuzzy, slightly crooked copies. I dumped the pile out on the desk and immediately noted that all the documents said “DRAFT.” 
 
    I called my FDA contact and asked if he had the final versions of these documents. He told me that none of the so-called “points to 
 
    consider” were in final form yet. All were still drafts. I was astounded that everyone making biotechnology products in the U.S. was operating under draft guidelines, but apparently that was the case. 
 
    The documents themselves were haphazard and completely confounding. The information was incredibly deep in places and completely ignored other areas. There was no big-picture guideline for making biotechnology products for human use. There were no review articles in the literature that captured the practical knowledge I needed, no book called “Drug Development for Dummies.” Yet clearly, many companies did this task all the time. This knowledge appeared to be a special secret that people in the industry all knew from experience but never write about in detail. Or maybe I just didn’t know where to look. 
 
    I decided to break down the requirements into their components. One thing that jumped out at me was that the FDA required a lot of different types of testing. Could I do these tests myself? Should I hire a company to do them? What would it cost? The tests would, among many things, make sure our cell line was not carrying any viruses or infectious agents that might cause a patient to get ill. That made sense to me. 
 
    There had to be experts in this field. Fortunately, I was able to find two companies that sold these tests to biotechnology companies. Since they were selling their services to industry, their salespeople turned out to be most helpful in educating me as to what the FDA expected and how much it would cost. To simply prove the safety of the cells in the frozen test tubes I had created (known as a master cell bank) would require at least a dozen tests. These would cost about $100,000 in direct master cell bank testing alone, let alone testing actual production runs. That staggering cost would eat up a significant portion of the year’s total fundraising. 
 
    Discounts were not part of these firms’ business strategy. The pleading of an impoverished academic scientist—even one trying to save the life of an adorable little boy with a rare disease—was not enough. 
 
    The tests were complicated and serious, so it was not surprising that they were expensive. Lives depended on them. At least now I was starting to see more clearly what it would take, and for this, I was grateful to those testing companies. 
 
    Another critical component was a manufacturing establishment license. I sought feedback from the FDA’s establishment licensing section, which controls whether a facility is allowed to make a product. At that time, a biotechnology production facility had to be certified and licensed before it could make a biological product (like an enzyme), even for a clinical trial. I finally got in contact with someone in that group and sent them a letter with my sad plea for help with the design of a small production plant in an old bungalow. I showed them our facility plan and what we intended to do. 
 
    Eventually, I did receive a long, detailed letter that highlighted a number of issues with the planned facility, which was helpful. We had to figure out how to separate production process activities better and use certain construction materials and clean air quality systems. The letter 
 
    also suggested that manufacturing in this setting would not be ideal. Yes, I got that. But we did not have a multi-million dollar construction budget. 
 
    The whole summer was a time of soul-searching. Despite the progress and the new funding, we faced so many issues. I was afraid that I was trying to do something that was truly impossible and the whole thing would fall apart: all the money spent, and Ryan not treated or, in the worst-case scenario, someone harmed. 
 
    Then I found out that another effort to develop enzyme replacement therapy for MPS VI at a company in Australia had just fallen apart. Dr. John Hopwood, the investigator for that program and a major researcher in the field of MPS diseases, was not able to treat the MPS VI kids when the company pulled out. The announcement crushed the MPS community. If a well-funded, successful company failed, what chance did I have? No academic professor, no matter how committed and well- intended, could ever solve all of the challenges. My confidence was rattled. 
 
    All the while, I had heard Ryan was having more physical problems. His disease was progressing. I had to consider that we might completely fail to get the enzyme therapy developed in time, and that Ryan would die. It would be unbearable. 
 
    I kept focusing on the next step in front of us. With the added funding from the Ryan Foundation, I could hire more experienced staff and the project would gain traction. To do that, I had to project optimism. Who would want to work for a leader who thought the project was doomed? 
 
    I did have confidence that the enzyme would do something beneficial to patients, based on the results of our MPS I dog studies. The only real barrier was making enough of the right stuff in the right way. Limiting the problem helped my focus. 
 
    I ran into a little bit of luck in another bungalow on the Harbor campus, Building E-4, just across the road from my lab in C-3. There, a sharp scientist named Merry Passage suddenly became available. Merry was a senior research associate who had worked in the Medical Genetics department more years than anyone else. She had a reputation as a dedicated and detail-oriented researcher, a thoroughly organized bench scientist who had worked on many different techniques over her 20-plus years in the lab. 
 
    Our department had just reduced her time with another investigator, and I took the opportunity to fill in her extra hours. It was a perfect fit: She needed part-time work, and I could not afford to pay her full time anyway. Merry ended up being able to put in as much time as we needed. She was fascinated and inspired by the project and was immediately dedicated to the vision of helping Ryan. At long last, I was no longer alone in the lab. It felt great having a partner who was even more intense than I was. Merry was just what the project needed. 
 
    A bit later, we were joined by Mark Tucker, a PhD molecular biologist, memorable for his chipping golf balls into trashcans in Bungalow C3. I knew him well from our time debating science across the lab benches. He was a very capable molecular biologist who, 
 
    like most post-doctoral fellows, was paid trivial amounts of money, considering the caliber of his knowledge and training. Still, I had to stretch my budget to add him to the team to do the protein purification work. Merry would take on the cell culture work. Together, the three of us would take on the challenge of production. It was particularly helpful having them in the lab, because I still had clinical duties in the hospital. 
 
    While Mark and Merry made real progress, we also had setbacks. 
 
    The most disheartening one occurred when we started up a larger 19-liter bioreactor to grow the cells that produced the enzyme. We carefully prepared the sterile flask, the liquid nutrient medium and the oxygen probe, and put all this together in a sterile fashion. We calibrated the probes to make sure they read the temperature and oxygen correctly, harvested the culture cells making the enzyme to put into the medium with the little beads the size of a grain of sand (called microcarriers) to which the cells would attach. After hours of work setting up the culture, stirring it and adding the cells, several days of work culminated in a running culture. Mark, Merry and I were pleased. We stared at our creation thinking we could do this. We could make this enzyme. 
 
    That feeling lasted only about a day or so. One morning we arrived to see little balls of something in the culture, like the ones I had seen before, but the little mold tentacles were inside the tiny microcarrier beads and growing out. The cellulose material in the little beads we used somehow got contaminated with mold that did not get killed in our old autoclave. Our culture became full of little “jellyfish” balls of mold and morphed into a stinking moldy bucket of goop. Cleaning that up felt like cleaning up a pet that dies suddenly. Thousands of dollars of reagents were lost. It didn’t matter what the problem was, or whose fault it was, the bottom line was that we had failed. Of the 2,000 or 3,000 things 
 
    that need to go right, all in a row, one or two things going wrong could ruin all of it. One slight problem in the autoclave, one tiny mishap, and thousands of dollars of reagents got destroyed. Merry, Mark, and I felt completely discouraged. Once again, doubt crept in. Could we ever get there? 
 
    Once again, luck intervened. In the summer of 1996, Liz received a call from an executive at a small research reagent company called Glyko. The executives involved with Glyko were starting up a new biotechnology company (later named BioMarin Pharmaceutical) that 
 
    would focus on carbohydrate-modifying enzymes, or enzymes that can cut sugars. They had seen our work in the Proceedings of the National Academy of Sciences in 1994, showing that we could treat MPS I dogs successfully. A company might be interested in our project after all. 
 
    Grant Denison had been recruited to be BioMarin’s CEO because of his experience at pharmaceutical giants Pfizer and Searle, and also because of his connections to capital investors in the United Kingdom and Switzerland. He was joining John Klock, an oncologist who had 
 
    started other companies and would serve as president. Klock had brought along carbohydrate chemist and researcher Chris Starr as co-founder and head of research. 
 
    Klock believed in the new field of carbohydrate biology, and he was hoping BioMarin could present a way forward. Enzymes that cleave carbohydrates seemed like a promising method to make new therapeutics. It just so happened that we had one of those in the works, 
 
    since our enzyme, iduronidase for MPS I, did cut sugar, a carbohydrate. 
 
    When we met with Klock, Starr, and Denison in Liz’s office for the first time, they explained that they had heard about our work from a research analyst at the Wilkerson Group, a consulting firm. Liz 
 
    and I had talked with the Wilkerson Group earlier about a project for Somatix, an early gene therapy company, and they asked us about doing gene therapy in MPS I. That project never got off the ground, and the company was sold, but the Wilkerson Group remembered us. When the BioMarin founders asked Wilkerson for ideas, they suggested our work. John Klock was intrigued. He thought highly 
 
    of the work we published on treating MPS I dogs. He believed ours would be a good project for his new startup, even though the MPS I patient population was extremely small and had not been of interest to other companies. 
 
    The reason they were attracted to our enzyme soon became clear. 
 
    The process of starting a company involves assembling a portfolio of several projects. That way, the company can diversify risk for the venture capitalists and early-stage investors. One of the strategies for a startup is to look for a project that might be closer to treating 
 
    patients and reach a positive clinical trial result early in the company’s life. MPS I as a disease target was exceedingly rare, making the market small, but our project seemed desirable, because we were close to the point of treating patients and reaching an early, potentially positive clinical result. In this case, the fact that the disease was very rare was less important than the opportunity for an early success. 
 
    This view differed greatly from that at the more mature companies we had approached earlier. Those firms needed larger disease markets in order to justify investing millions in a project. I had assumed we needed a large company with enough resources to take on a rare disease project as a charity case. It turned out we needed the hungry, small startup that was seeking a quick victory, where the financial calculus was less critical. 
 
    The BioMarin group assured us that they would pick up the project and hire a professional contract manufacturer to make the enzyme for us. Although Mark and Merry had moved the project forward, we all felt a certain amount of relief, as we faced so many other challenges. 
 
    I also realized that, with a company taking over, the project would move out of my control. The thing that had driven my work, day and night and weekends, was going to end. After some reflection, I called John Klock and asked humbly: If the production part was taken out of my hands, could I at least participate in the clinical trial? Seeing this through was important to me. John told me that I could participate in the clinical trial, which was a relief. 
 
    It turned out, I was worried about the wrong thing. Even though BioMarin had expressed interest, the company then went radio silent. After the first meeting, we did not hear anything from them for several months. As time passed, I began to worry that they had decided to pass on us after all. I went through all the scenarios and wondered if we 
 
    had just re-enacted what happened to Dr. Hopwood and the Australian MPS VI program—the program that died when the company funding it pulled out. I worried someone had asked too many questions. But I did not want to pester them. I waited in silence. Months passed without a word. 
 
    Eventually, BioMarin called. They did want to proceed. The delay was merely due to the time it took to raise the start-up money —a few million dollars for the company, some of which would be for the MPS I project. 
 
    Although Klock and Denison had initially thought they could contract out the manufacture of the enzyme, when they came to see me at my bungalow at Harbor-UCLA, they said the cost of 
 
    contracting out the work would be prohibitive. They actually needed me to manufacture the product. That was a sudden turn of events, but somehow, I was not disappointed. I had remembered what happened to Hopwood’s program when the company bowed out due to excessive 
 
    manufacturing costs. Perhaps we could avoid that by running as lean as we could. 
 
    With some trepidation, I brought the executives into the run- down bungalow. As we toured the small cleanroom set up for enzyme production, I was extremely conscious of how primitive the setup appeared. How could anyone have any confidence that we could actually make an enzyme for patients in this small lab? I talked about renovating the space, making it larger, and furnishing it with more equipment. Plus, we needed someone to guide us through the Good Manufacturing Practice rules and regulations. I assumed that Klock and Denison, being biotechnology executives, could either do that or hire the people who could. 
 
    Although they did not say then how much money we might get, I eventually requested about $1 million over the first year or so to hire and train the people, build out the lab, buy materials, and produce enzyme. Denison had just raised a few million dollars from venture investors and Swiss retirement fund managers to get the company started. Even though I was asking for a fairly large chunk of the company’s startup funds, they agreed to give us $1 million that year to do the enzyme production and start the study. They also committed $5 million over time to the project—which was more than they had. 
 
    The Ryan Foundation money had been critical in moving us forward. The foundation continued to support us, but this sudden, additional jump in funding really changed things. The project became possible again. It remained a difficult and extreme goal, but possible. 
 
    Within a year, I had moved from uncertainty and struggle to a new sense of confidence and urgency. 
 
    This didn’t mean my worries were over. Taking corporate money brought a new fear: that an investor would ask, “Exactly how many patients have this disease, and why is this an investment we should be making?” And then it would be over. Now that we were funded, we needed to spend the money and run the project all the way to the clinic— to treat some patients—before someone changed their mind. 
 
      
 
  
 
  
   
      
 
    Chapter 11: Building a Team That Dreams • 1997. 
 
      
 
    When I put down the phone that day in March 1997, I was elated. 
 
    I finally had the news I had been hoping for: The money was in. Cathleen in the Grants and Contracts office for our research institute told me that the check from BioMarin had been processed. All the preparation, the promises, and the expectations were not wasted. It was a go. 
 
    The Ryan Foundation had kept us alive and started the process. 
 
    Now we had the first payment on the way to more than $1 million that we would receive over the next year, to hire a full staff, buy all the equipment we needed, and make this project move. 
 
    While the excitement was real, having the funding also put a huge amount of pressure on us. Getting to the treatment of patients—a huge challenge—now totally depended on us. The small team I had just started hiring would have to expand and ramp up production 
 
    of the enzyme to a scale and quality that would enable us to treat patients. We would also need FDA approval to run the trial. After a few minutes thinking about what lie ahead, I began to feel the weight of the responsibility. Just like that, my elation turned to stress. We had to do it now. No more excuses. We had to get to the patients. With the incredible excitement of a rocket launching also came the anxiety that, driven by this large financial engine, the project might blow up just off the launchpad in a huge disaster. 
 
    So many steps lay ahead of us, some known and some unknown. While I had confidence in our science, the production of enzyme for human use—with all of the quality, care and controls required for a pharmaceutical to be given to people—was something we had not done before. The challenge was heightened by the knowledge that two other companies had tried to develop an enzyme therapy for another 
 
    MPS disease, and they both failed as the projects ran into problems and the companies backed out halfway through. I was acutely aware of the devastation that occurred among the MPS families on each of 
 
    these occasions. 
 
    I did not know how deep or strong BioMarin’s commitment might be to overcome the challenges that might arise, and I was afraid that any hiccup would be the end of us. I decided that it was essential 
 
    we treat the first patients in a clinical trial as fast as we could before someone at the company changed their mind. Once we had treated patients successfully and proven the enzyme therapy worked, the company would probably stick with us. Even if the company backed out, we’d have enough strong information about how patients responded to treatment that others would help us continue our efforts. 
 
    We had to get that data to show this treatment could help real MPS patients, and we had to do it before the money disappeared. 
 
    I had already been preparing for a rapid start, lining up everything I could so we could go as fast as possible once the company money came in. I had started building the team and preparing the plans in the fall 
 
    of 1996, with the increased funding from the Ryan Foundation in hand and the promise of new money coming. Spending money before I had it entailed some risk, but I wanted to be ready to take off immediately upon getting funded. Mindful of all the earlier difficulties, I was determined not to lose any time. 
 
    My first goal: Build the team. I already had Merry Passage and Mark Tucker on board. Even though Merry had been putting in so many hours, I had only been able to pay her as a part-time worker. It felt great to finally move her up to full-time pay. She was experienced in cell culture and had the organized, meticulous nature needed for the work we would do. She was an essential starting point for the group and someone I could trust, who would not need any oversight. Mark had started purifying the enzyme, a good project for someone with his expertise. 
 
    Next, I needed to find someone to run the production team for the manufacture of the enzyme. Having never done it before, I did not even know how to find a person who could run pharmaceutical production. I put the best ad I could put together in the Los Angeles Times with the hope that I might attract someone capable to the project. Apparently, the ad was not inspiring. A few technicians of dubious skill levels faxed in their resumes, none with the expertise I was looking for. We tried an 
 
    ad with more exciting language about the unusual opportunity to break ground with a new treatment for a rare disease, and a larger surge of resumes came in that weekend, spilling off the fax machine onto the floor. 
 
    Among a pool of average choices, one resume caught my eye. Becky Tanamachi had worked in a number of top-quality research laboratories, including CalTech and City of Hope. Over many years, and in different capacities, Becky had mastered a number of techniques we needed. At the time, she was running a fairly large lab at City of Hope. When I interviewed her, Becky was reserved and serious, but had a comforting, confident personality. She was smart and well spoken, with a distinct Midwestern accent and work ethic. When I asked her about techniques she had performed years before, she knew them cold and described 
 
    any issues with practical insight. Her questions about lab management revealed a frank, irreverent and wise perceptiveness that told me she could run things and manage anyone. She had a real grasp of people that assured me no one could fool her with dumb excuses. I needed things to run precisely and efficiently, but with enough humanity to manage the stress and strain of people doing something they had never done before. 
 
    The clincher for me was her reason for applying: She wanted to do something meaningful. She didn’t talk about salary or title or anything 
 
    like that. She wanted to do research that made a difference and found the prospect of treating these patients exciting. She wanted to feel her work meant something more than mere publication in a journal somewhere. 
 
    I liked Becky immediately and knew I had found someone special. 
 
    When I checked her references, they glowed in their praise for her skills and organization. A professor from a prior job said, “I never fully realized how much she kept everything working, until it all fell apart after she left.” 
 
    I asked Becky back for a follow-up interview to talk about the job itself. I went through a pitch I was just learning to make, talking about how our work could change these patients’ lives and how there are so few times in a research career when you have a shot at altering the course 
 
    of a disease. I was hiring her just a few months before I knew for sure that BioMarin would give us the money. I found out her salary at City of Hope was $41,000 plus benefits, which was far above what I had planned to pay her. I was still running the lab and paying Merry and Mark with the Ryan Foundation money, and I still was not sure when—or, I hated to say it, if—the company money would come in. If I hired Becky, I would have less than six months of money to operate at full speed. We would be running towards a financial cliff, with nothing to save us if the funding failed to materialize. If the company came on board in late 1996 or early 1997, we would be okay. I didn’t want to wait until then, however, and lose the opportunity of hiring someone like Becky. If the money ran out, I’d cross that bridge. But that meant I had to work up the nerve to ask the most uncomfortable question. 
 
    “I originally was thinking about someone at a lower level, but I really like you and your experience,” I said. “Would you be willing to start at”—I hesitated— “$34,000 per year? With full benefits, of course.” I hastily added: “And then as soon as the company comes on board with funding, I would restore your current salary.” 
 
    I paused and held my breath, wondering what she would say. 
 
    Research people were way underpaid to begin with, and $41,000 was just not that much, even at that time. So it would not have surprised or offended me if she said no. How could she know whether I was truly walking a financial tightrope or just an aggressive negotiator? 
 
    She paused for a moment, then said, “I want to do something really important, something that would mean more than just producing papers. So much of the research work I’ve done was not even close to being useful to anyone. I’ll come for the $34,000, with the condition that my current salary of $41,000 will be restored when the company funding comes in. When is that again?” 
 
    I was so relieved. In fact, I was ecstatic, because I knew I had found one more person like myself, willing to put wealth or personal welfare at risk to do something important with one’s life. 
 
    Becky later told me a funny story about that second interview. I was showing her around the lab and, as often happened in that quirky bungalow, someone had turned out the lights at the end of a corridor, so I had to cut the tour short. Years later, she said, “If I had seen the 
 
    mosquito-infested women’s rest room, with the linoleum tiles coming out of the floor, I might have had more pause.” 
 
    I told her that I hoped the money would come in early 1997 but could not be sure. Becky didn’t seem fazed, joining Merry and Mark for cell culture and enzyme production development work until we got funded. 
 
    Except that just as soon as Becky was hired, Mark left, taking a job with the FDA. He said he just could not keep working at the postdoc salary and did not see a way forward as an academic professor. The FDA was looking for microbiologists with molecular biology experience. They paid well and offered a good career path. 
 
    I could not fault him at all, as his postdoc salary was indeed pathetic. I wish I had been able to pay more at that point but we were still scraping by to survive. So: one up and then one down. 
 
    Like Merry, Becky was the take-charge type and immediately set out to organize the production laboratory. Although they got along well at first, they were too similar not to clash, particularly in a lab with long hours and high pressure to get things right. They often didn’t even get to have lunch until 4 pm. 
 
    I blame myself. I had failed to give them precisely defined roles, so they had some degree of overlapping responsibilities. The fact was, I was not a good manager of people. I was a doctor and a researcher, but there is no management training in medical school, nor when you become a professor. Merry and Becky hid the tension from me, or maybe I was just too dense to notice until it spilled out into the open later. At that point, 
 
    I divided the roles more clearly. I assigned Becky to run the production lab group specifically and told Merry to run the overall research lab, the MPS I model work, and help with the clinical trial work and assays. 
 
    “This part really suited Merry more than me,” Becky recalled. “She was so incredibly good with patients.” 
 
    We started planning everything we would need, both people and equipment. The Ryan Foundation funding had supported the 
 
    development of a single production room with highly purified air systems in which to make enzyme. The FDA’s Establishment Licensing staff had advised in our correspondence that we needed to separate preparatory work from the various steps of actual production, putting the activities in different rooms to meet the agency’s basic expectations. 
 
    The FDA was not accustomed to seeing such tiny facilities, and they were not comfortable with my original plan. Fortunately, the old 
 
    bungalows were flexible enough for construction, and our bungalow had room for us to grow. 
 
    We got permission to take over the two lab spaces adjacent to our current production lab. That way, we could have two connected 
 
    cleanrooms with highly purified air. We broke the space into two main rooms, separating all the steps of the prep work in the first room from the production work in the second room. The prep room was broken into multiple bays for making chemicals and solutions, cleaning equipment and testing production samples. In the other room, we could culture cells to produce the enzyme and then purify it. To separate the early steps from the later steps, as the FDA required, we would finish the production of cell culture liquid media with the enzyme in it, then clean the lab, then shift to purification of the enzyme afterward in the same space. 
 
    We set out to finish the design of the lab while thinking about what equipment we needed. I hired an architect and contractor to design it so we would be ready to go with construction when the money arrived. 
 
    Step by step, I spent more and more Ryan Foundation money, hoping the company would come through in time. The plans were prepared and priced out. The contractor agreed to an aggressive timeline. 
 
    While we waited for the money to come in, Becky and I started making a list of all the equipment we would need. We had one 5-liter cell culture reactor, but we would need others which would allow us to grow 19 liters of cell culture that would precisely control oxygen, acidity, stirring rate, and temperature. We had to buy sterile air lab chambers or “hoods” where we could reach in and work on cell cultures in ultra-clean conditions. We needed high quality scales, acidity meters, and other measuring devices. 
 
    After Mark Tucker left the lab to work for the FDA, I had an open slot. I put out an ad for another person to join the effort. Surprisingly, my very first technician, Sheila, applied for the job. More than three years earlier, she had left the research job with me after only a few months, taking a job at Amgen until she gave birth to twins. She was looking to start work again locally, to be close to home. 
 
    As if I needed another lesson in human resources, I hired her again, despite how things had gone the first time around. She began work with Becky in the production lab, but within weeks, it became evident that her heart was still not in it. She behaved in a disinterested manner, the polar opposite of Merry and Becky’s can-do attitudes. Conflicts began with Becky and Merry, as Sheila treated them terribly and left them to handle all of the clean-up, which they resented. 
 
    Her end came one day when I entered the production lab to check on things, as I was prone to do. Sheila had set up a filtration step for our test run for purification of the enzyme. A sterile foil wrap covered the filter device as usual. I opened the foil with sterile gloves and was surprised to find that, although Sheila had set it up to look like the filter was on, there was actually no filter in place. The only thing I could imagine was that 
 
    Sheila—ever the nine-to-fiver—wanted to get home quickly and didn’t like how the filters can get plugged and slow the process down. She must have pretended to do the filtering and just pumped directly from one container to another, violating the protocol. She immediately realized she had been caught and tried to be subservient, as if that would help. At that moment, it was clear I could not trust her. Sick children depended on us to do this right. I made her filter the product correctly. The next day, I fired her. She did not seem to care at all, regarding our pitiful operation as doomed to failure. 
 
    Later Becky rolled her eyes and said, “It’s about time. I was wondering how long it would take you to figure that out.” 
 
    In the end, the hiring and firing of Sheila provided a cautionary lesson. I saw that we could have a real problem when we expanded. If people did not have the care and discipline to do the right thing at all times, we could put patients at risk. 
 
    Without Sheila, that once again left only Becky and Merry to manage all of the production test runs to make enzyme for our studies. The early runs were tough, as Merry and Becky had to split the entire production, which meant every single day for a month someone had to be there at 7 AM and someone at 7 PM to collect the enzyme and feed the culture. 
 
    Merry did the evenings and Becky did the mornings, but both of them were there most of the time to help out the other person. 
 
    Those were long days. I still had clinical responsibilities as well as lab activities consuming me. At times, they would schedule me in to feed the culture just so they could take a break. I was glad to help out. I knew how all-consuming it could be, as I had done it alone myself in the past. It was good to have their limitless dedication, but I knew we could not maintain that intensity for long periods of time. We needed more people, and we needed the money to pay them. Becky remembers me constantly repeating the phrase “when the company comes on board” like a mantra: “We will renovate the additional space when the company comes on board. We will buy more media in advance when the company comes on board.” 
 
    The day the Grants and Contracts office called to say that the first money had arrived was the day everything changed. I told Becky and Merry the news. We were all ecstatic. We could build out the lab, buy the equipment, and hire staff. This project was truly going to happen. 
 
    The experience with Sheila had showed me that, to be successful, I needed to find people totally aligned with the vision. I was more grateful than ever that Becky was so committed to helping people that she had started work at a lower salary. I immediately restored it to the level we agreed on, as I did not want her to feel she had to remind me. I also bumped Merry to full-time. 
 
    Thinking about commitment, I decided to dedicate the lab to a young woman named Ginger Griffin, who had the less severe Scheie syndrome and died at age 21, after a surgery to fix her spine. Her parents were friends of the Dants and had attended their fundraisers. During the 
 
    year before the BioMarin funding came in, Ginger had talked to me on the phone about her condition and worsening spinal cord function. She was finding it harder to walk, and her hands were curling up. Soon, she would lose all function. Once the spinal cord is damaged, no amount of enzyme can fix it. 
 
    I encouraged her to get surgery to decompress her spinal cord, so that she could keep as much of her spinal function as she could until the enzyme therapy arrived. I told her she could get into the trial. She seemed fine immediately after the surgery. But the next day, she started experiencing heart failure, getting worse each day, and I did not have a chance to talk with her again. I felt horrible, both because I was too late in getting the trial started and because I had advocated for the surgery that led to her death. Her family was crushed. I was crushed. Although 
 
    by now I had been working for several years on this project, nothing else had brought on such a painful, regrettable failure. 
 
    I resolved to take something from this and make sure to avoid experiencing this regret again. Ginger’s mother sent me her picture, and I put it on a plaque on the production lab door, so that everyone coming to work and entering the lab would remember the girl we had been too late to save. The patients were waiting. Their lives were in our hands. 
 
    Once the money came in, I called the contractor who had developed the lab remodeling plans and said it was a go. I wanted him to move fast. He had been waiting for the call and started immediately. He knew the stakes. 
 
    To allow us to work in the current lab, he focused the renovations on the new lab rooms first. Once he completed the new adjacent space, we shut down the production lab and cut open the door between the labs. His group dove right in, ripping out all the old junk. We found it impossible to visualize a clean room and polished lab environment in that dusty construction zone, but within only three months, the work was done, and the lab was ready for equipment. It looked great. From the hallway of 
 
    the old building, you opened the door and entered a bright, modern clean room, ready to make enzyme. 
 
    During the construction, we had begun working on building the team as well. To find people interested in the vision, we put an ad into the Los Angeles Times, highlighting the real opportunity to change the future 
 
    of medicine for these patients. We started getting resumes faxed in, but while we had some good research candidates, we could not get many with Good Manufacturing Practice (GMP) experience. Even with our new funding, we were offering salaries that were far below what was common in industry. I shifted gears and focused on hiring smart people with the drive to learn what we needed to get the project done. Talent and commitment were the most important qualities. 
 
    Over a couple of months, while the lab was renovated, the team came together: 
 
    Andy Craddock was an intense, driven person who had the care and precision to run quality control. I needed someone who would aim for the best enzyme, and I could see that Andy had the care and attention 
 
    to detail that we needed. We hired him first, before the construction was even finished. 
 
    “I remember Merry, Andy and I cleaned out those labs,” Becky says. “Those were long dirty days with lots of laughs.” 
 
    Andy did have some antagonisms with people due to his intensity, but his care would become an essential ingredient in our success. He did an enormous amount of work to create and implement the control system for GMP production from scratch, with only some help from the team. Most companies would have perhaps five or more people doing the amount of work Andy eventually accomplished that year. 
 
    Betty Jean Lamb was our second hire. Betty was really smart, experienced in protein production, and—perhaps best of all—she really knew GMP pharmaceutical controls in great detail. She had worked at the pharmaceutical firm Baxter Hyland, helping produce Factor VIII, a clotting drug for hemophilia. Her experiences there were very relevant to us, as it demonstrated good knowledge of GMP. 
 
    At her interview, Betty seemed a bit odd, but she knew her biochemistry and was extremely bright. One particular insight sealed the deal. I described our purification process, and she knew immediately that one of the chromatography steps was not acceptable for production 
 
    for clinical use—the exact thing that Genzyme staff had critiqued on my visit years before. I figured that if she knew such a fine detail, she had to be the right person for us. 
 
    I put her in charge of purification where she had expertise, but I knew we would have to get her a junior associate, who would provide stability and help with programming the purification systems. Over time, Betty contributed important development steps for the lab, but she also pushed me to the limit more than a few times. She would sharply critique things after we did them wrong, rather than tell us ahead of time. I often asked her to use her knowledge as a torchlight to guide us before we made mistakes, rather than as a club with which to beat us up afterward. 
 
    Unfortunately, I could not break that trait, and the clubbing continued all year. Even so, it was a form of learning, and we improved, step by step. 
 
    Lesley Shinohara was next on the list. She was right out of college and had only a small amount of lab experience. Becky and I had a good feeling talking with her, she appeared to have the knowledge and personality to be a good worker. We brought her in at the basic level, preparing solutions and cleaning and sterilizing equipment. She took on tasks and learned quickly. Within a couple of months, she was working on the culture system as well. 
 
    One thing Becky liked to do was schedule any new employees to change the culture medium with me, so that I could “terrorize” (this is Becky’s word for it) them by testing their knowledge. The new employees would be nervous with the boss in the room, but it was not just me watching them that was the problem. The bigger issue was my penchant for asking them critical scientific questions about how 
 
    everything worked, and what and most importantly, why we were doing things. 
 
    I did not believe that it was good enough to just know the procedure. Becky called it my way to “assimilate” people into the “Kakkis mindset” and get them to commit to the program. I just wanted people to know how the work they were doing was important to the whole project. I did not care whether they washed dishes, made solutions, or ran the culture, I expected them to know what exactly was going on and take it seriously. Perhaps that approach was stressful at first, but I knew that with time, everyone would be able to do their jobs with real insight and not just a mechanical execution of procedures. I also wanted people to know that every job was essential and that we always helped each other do what was needed to do to get the project done, including washing equipment and tubing. 
 
    I certainly did not consider myself exempt from this requirement. Becky recalls one day when I was leaving the lab and she asked me to take out the trash. “The crew was shocked that I would ask you,” she said, “but I knew, even you would do whatever was needed to get things done.” 
 
    Lesley was very nervous during her first culture change with me. 
 
    I could see my presence was rattling her. She was not advanced as a scientist and was highly concerned about getting it right. To some 
 
    degree, her nervousness made me feel more confident about her, because it meant she really cared about getting it right. 
 
    Lesley quickly became one of the most reliable, conscientious, and caring people on the team, essential to our success over the years. Each month, she learned more and more, including running process testing and other more sophisticated methods, in addition to running the culture. Years later, she would become an expert in protein manufacturing operations and a manager at BioMarin. 
 
    Peter Schindler joined us next, having significant lab experience and a master’s degree from USC. I thought Peter’s low-key, stable personality would be a perfect complement to Betty Jean, so we had him work on the purification system with her. Over time, this proved to be a smart combination. Peter was good at respecting Betty Jean’s experience and knowledge. He learned from her without reacting to her other behavior. He was particularly good at learning how to program the computer-controlled purification equipment, which played a key role in production. Very soon, he was running the purification system for us, as he had the creative ability to solve problems and improve the process. In later 
 
    years, Peter went to work for large biotech companies as an expert in protein purification. 
 
    Chad Mierau was a young guy who came to us straight from earning his microbiology degree from UC Santa Barbara. He had enthusiasm and a gregarious personality that I thought would be good for the lab’s culture. Chad did not have a lot of experience, but he 
 
    was sharp and ready to go, and he became the life of the lab at times, especially after hours. As a basic technician, Chad’s work included preparing solutions, cleaning and sterilizing. Like Lesley, he learned the culture system work as well. After his time in my lab, he became a successful pharmaceutical representative, where his personality and skills served him well. 
 
    Harold Gonzales also had a positive attitude and was understated, congenial and friendly. Harold had some experience in the pharmaceutical industry with sterile fill processes, and though 
 
    we had filled our slots, I felt we had to add him. Harold became one of our stalwarts who did whatever it took. He later became an expert in biotechnology and a technical representative for a large biotech supplier. 
 
    Becky provided the right mixture of caring and firmness, and the team really gelled under her leadership. Although I was getting more stressed by the challenges ahead, Becky managed to keep people together. 
 
    Sometimes, that happened through food, always an important part of any office culture. Becky recalls when it was just her, Merry and me, I used to go to the Mexican market across the street for machaca burritos, those classic wraps loaded with marinated skirt steak, onions, peppers, tomatoes and chilies. “That was our superstitious lunch,” Becky said, eaten on days when things had to go well. 
 
    With the team putting in nights and weekends to get the production ready, they naturally got exhausted, but they also developed a level of camaraderie that was deeply felt and lifelong. We did not yet know how this whole thing would turn out, but we all knew exactly why we were there. 
 
  
 
  
   
      
 
    Chapter 12: A Better Batch • June 1997 
 
      
 
    After a short three months—from getting the grant on April 1 to finishing the project in June—the contractors finished the lab renovation. We ordered equipment while the construction was under way, so we would be ready to install everything when the workers finished the interior. For the first time, we had all new cell culture hoods, incubators, measuring equipment, and purification systems. Clean, shiny, and new, the fully outfitted lab seemed powerful. 
 
    To cover our many needs, we had started making friends with our vendors, getting them engaged with our story and constantly lobbying them for discounts. We impressed upon them the importance of their role in this project and managed to get exceptional deals on equipment and supplies. 
 
    David Fry at Fisher Scientific, a firm critical to laboratory work, helped us with many things, including high quality scales and pH meters, small equipment like pipettors and stirring devices, and even basic supplies like sterile gloves. David would always search for special, one- off items we asked for, and sometimes he would tip us to a great deal that he heard about on some returned or refurbished equipment in like-new condition. 
 
    Our biggest ongoing expense was the nutrient medium we used to grow the recombinant cells to make the enzyme. We needed around 400 liters for every run. When we started, the medium cost $22 per liter, meaning that the culture medium alone for a single production run cost nearly $10,000. Deb Stutz at JRH Biosciences was our supplier. We cajoled Deb with stories about the kids with MPS and how we had barely enough money. She got us down to $17 per liter by buying in bulk. Then we worked on possible larger volume discounts and, over time, Deb 
 
    was able to bring the price down below $10 per liter—more than half off the original price. I suspect the improved pricing got her in trouble, but I know she felt proud to help us reach the end of the project within our budget. The following year, when we commemorated the success of the first study with a black-tie party on the Queen Mary in Long Beach, we included these vendor representatives along with our patients, their families, and everyone who worked in the lab. I wanted to make sure 
 
    they knew we not only considered them essential to our success, but part of our family as well. 
 
    In the summer of 1997, with the production laboratory built and fully furnished, we finally set up and ran the 19-liter production culture reactor with the new methods that we had worked on the year before— only now, we could work in a new lab with new equipment. This would be our first run, an engineering run, and everyone would have to come 
 
    up to speed with the careful setup, calibration, and sterilization, followed by the operation itself. To run a large 19-liter culture system, we needed to assemble the probes (the special measuring devices that we’d stick into the liquid to measure things like acidity and oxygen saturation), fill tubes, sampling tubes and mechanical stirring parts. Then we needed to calibrate the oxygen, temperature, and acid probes to make sure they 
 
    measured accurately. Then we’d assemble metal and plastic pieces into an operating stirring culture flask. That’s where we ran into our first challenge. 
 
    It would be a large glass flask with lots of tubes and metal sticking out of it, all needed to create and support the cell culture, which was essentially a “living being.” We put the culture flask together carefully, piece by piece, running a highly detailed sequential protocol. We covered it, put it in the autoclave, and sterilized it with high temperature steam. 
 
    But when we opened the autoclave and took the culture flask out, many of the assembled parts had fallen off. 
 
    We had used the right plastic cable ties that hold the tubes and metal together, but we had failed to tie them tight enough. When they came under extreme heat in the autoclave, they stretched, so that after the flask cooled, they did not hold the parts together. The setup was ruined. We would have to start over again. 
 
    The team reassembled the flask, calibrated the probes again, tightened up the cable ties as much as we could with pliers, then covered and autoclaved it. This time, when we opened the autoclave, it looked good— at first. We let it cool overnight, standing up in its culture position. 
 
    The next morning, we came in and once again, the stirrer had fallen off and the plastic ties had stretched during heating and then loosened during cooling—just enough so that, once they were in a vertical standing position, they failed to hold on. 
 
    Sometimes the repeated failure of little things can challenge your belief in your ability to make something happen. It was particularly painful to get stuck at the first step, the set-up and sterilization of the culture flask. We hadn’t even started a culture yet. 
 
    We had to do the setup all over again, repeating all the tedious calibration procedures. Now we were on a tight schedule, because the cells were ready to start the culture, and they could not wait any longer. We set the thing up one more time, back through the detailed process, tightening everything even harder. We added so many cable ties that they were lined up one after another on some connections. So much time passed during the setup, autoclaving and cooling that starting the culture required working late into the evening. I had a bad feeling. 
 
    Once the culture flask was put together with the stirring device in place and everything was sterile and working—and the ties held 
 
    together, at last—we were ready to fill the reactor with liquid medium. We were all dressed in full body suits and headgear. We carefully hooked up the tubes, connected the bag of sterile culture media, then started pumping the clear red liquid nutrient medium (looking like punch-flavored Kool Aid) into the 19-liter flask. We set the motor over the top of the flask and engaged the drive shaft of the stirrer. We started the motor and set the speed that would actuate the internal “wand” (an angled rod device) to stir the medium in the flask. We then wrapped the flask in the red rubber heating blanket that would keep the temperature of the medium at 37 degrees centigrade—98.6 degrees Fahrenheit. We were essentially setting up a liquid living thing floating around on beads in the flask, with the controlled temperature, oxygen and circulation that any organism requires to live. 
 
    It was exciting to watch the electronics kick in, systems respond, and the real-time graphing of our data which was constantly monitoring the physical conditions of the culture flask. We added a precious $500 of serum to the flask, the special microcarrier beads on which the cells would grow, some other additives, and let it run. It was just liquid medium for now, no cells or living beings were in there yet. We didn’t want to introduce the cells until we were sure their life support system was fully operational. 
 
    After about an hour, we had the temperature at 37oC, the oxygen at 80 percent saturation, the pH at 6.9-7.0, and the system looked good and stable. The wand swept around the container, stirring well, and when the oxygen level went a little low, an oxygen sparger would shoot bubbles 
 
    of oxygen into the culture like an air stone used in aquariums. The red rubber heating blanket glowed warm every so often, whenever the probe said the temperature was half a degree too low. 
 
    We stared at the flask with the stirring wand turning round and round, mesmerized. The actual culture was going to be like a person on life support, with the system maintaining body temperature, oxygenation, and biochemical balance at all times. Like other living things, the culture could also get an infection—or, as we usually called it, a contamination—and essentially “die,” which was our greatest fear. 
 
    The cells were grown up and ready for harvest. Each person in the lab had a very specific job. Harold and Becky set up in the cell culture hoods to harvest, and I and the others, the runners, shuttled bottles to them. 
 
    They washed the bottles and then added the protease trypsin, which released the cells from the flask surface, enabling us to transfer the single, floating cells to the flask. The timers made sure we did not take too long, leaving the cells without enough oxygen. The “inoc” person would inoculate the cells—taking the small flask and gently using sterile air pressure on the container to push the cells through a connector into the 19-liter flask. 
 
    The whole operation took us perhaps 45 minutes, maybe longer. This was much longer than our original plan, but we got the cells harvested off the roller bottles and then pumped them into the culture flask. 
 
    The system would run continuously 24 hours a day for about two to three weeks, with the media removed and replaced with fresh medium every 12 hours. A lot of time, with many steps that could go wrong. This batch numbered 22, in sequence from my original research batches. 
 
    We began burning through money at a rate I had never seen before. 
 
    We spent thousands of dollars a day using expensive filters, nutrient media, and other materials, not counting the cost of people or the facility. The burn of the money was startling to me, but apparently it was trivial compared to a real pharmaceutical operation. 
 
    As the run continued, we monitored the concentration of the cells on the surface of the beads. They looked healthy and bright under the phase contrast microscope. The cells doubled every day, going from 2 billion to 4 billion, to 8 billion, and so on. In the end, the cells would reach 10 million per milliliter which, with 19 liters total volume, would be 190 billion cells in the flask. The iduronidase level in the medium began to rise. By day five, the growing cell mass started secreting more of the human enzyme we wanted. The culture reached around 1,000 to 2,000 units per milliliter of enzyme, or about 4 to 8 mg of enzyme per liter, or 100 mg per day. This was about five doses of enzyme for an average kid. With some induction agents, we could stimulate the culture to make at best 10 to 12 mg per liter. This was very low productivity, or less than 
 
    1.percent, compared to other biotechnology products like antibodies, which can readily be made at 1,000 mg per liter or more. This rare enzyme was not designed by nature to be produced in large amounts. We would always have to work with generating tiny amounts out of large amounts of medium. 
 
    The medium containing our enzyme was pumped out every day, collected in plastic containers known as carboys, and stored in our cold box next to the culture system. Fresh medium was then added to feed the cells and keep their nutrients well supplied. We lowered the temperature to near freezing and adjusted the pH to be more acidic for the collected medium to keep the enzyme stable for weeks to months. That allowed 
 
    us to accumulate the enzyme-containing medium first, then clean the lab and switch to purification. We made about 24 liters a day through two shift changes every 12 hours, and this first run went reasonably well, making about twenty 20-liter bags of medium with enzyme. 
 
    After experiencing so much that went wrong in the setup, successfully producing this much enzyme was a great relief. 
 
    The next step was purification. We needed to capture our protein in the red medium and separate it away from all of the other things, such as leftover CHO proteins. We needed our protein to be at least 98 percent pure. 
 
    We started running the purification in manual mode using our new Pharmacia purification equipment to make sure we knew how this would work. We needed to figure out the exact volumes and steps to assure we could get pure material. Then we could program the computer system to run it automatically. Peter and Betty Jean did a good job getting through the first step over the heparin column. 
 
    The heparin, which attached to the beads on the column, is a charged sugar molecule a little bit like what the enzyme metabolizes. The enzyme tends to stick specifically to the beads, while the rest of the proteins mostly flow through. The protein that is stuck to the beads is washed off with a solution containing more salt, which blocks the 
 
    charges on the beads and unsticks the protein, so it “elutes,” or leaves the column, more concentrated than it was before. 
 
    The second phenyl step is a hydrophobic or “oily” column. The enzyme sticks to the oily surface of the beads. The final sizing column step separates proteins by their size, with smaller ones getting caught up inside the beads and running slower, while larger proteins don’t get 
 
    caught and therefore run faster. So the time of travel through the column determines its size, and each protein appeared to have a specific time range. 
 
    The column ran fine, and we found a reasonably tight time range in which our protein came off the sizing column. We had purified enzyme that passed our tests. Most impressive, the endotoxin level was really low, indicating we had run a very clean process, without bacteria in it anywhere. 
 
    We had started with significant doubt and had some minor mishaps occur as we went along, but fundamentally, the run was successful. Our confidence was growing, along with the supply of enzyme. 
 
    I was happy that the team had made our proposed plan work by August of 1997. We prepared the information on Batch 22 as an example run for the Investigative New Drug (or IND) submission to the FDA in September. 
 
    When Grant Denison, the BioMarin CEO, found out our run had gone well, he asked why we were not giving that batch to patients. I explained that we had not put all of the Good Manufacturing Practice (or GMP) controls in place for pharmaceutical release. I assumed that because BioMarin was a biotech company, it would have some people who knew GMP production rules and could help advise us. I called Chris Starr, the research head at BioMarin. He said the company did not have anyone who could help with GMP implementation. Chris suggested I hire a consultant, but I did not know where to start. 
 
    Today, a simple Google search for “biotechnology GMP consultants” generates hundreds of results, but this was 1997, and Google didn’t exist yet. I became concerned that BioMarin was pressuring us to speed up our timeline. We had been funded only six months before. Filing an Investigative New Drug and being ready to go to Good Manufacturing Practice in that short time frame represented an impressive feat. In fact, I have never since then seen anyone achieve those milestones faster. 
 
    I was exhausted from working long days for months. The intensity of the project was getting to me. I was lucky to have Becky, who played a stabilizing and spirit-raising role with the team. 
 
    The team was working incredibly hard too. “A lot of people dream about things that happen at work,” Becky said, “but ever since I started working for you, I never dream about work. It was all used up during the day. It was pretty intense.” 
 
    Becky has since told me things I never realized at the time. “It was my job to be the interface,” she said. When production team had 
 
    complaints, she would talk to me. I didn’t always like hearing that news, but as Becky noted, “They needed to be able to voice complaints. They could do that to me. I could pass on some things. That was my job, to be a little bit of that buffer.” 
 
    One day, I must have been in a particularly grumpy mood, which the staff typically attributed to my lack of sleep. Someone had filled out a form wrong and it appeared to be another drip of terrible news. As each person saw my agitated state, they snuck past and ducked into the lab area. Harold Gonzalez was the last one. “When I opened the door to the gowning room, all I could see were heads sticking out of the doorway,” he said. “It reminded me of a Three Stooges episode.” 
 
    Everyone else felt the pressure as well. “I had some pretty stressful days when my nerves were frazzled and I was ready to quit,” Becky told me. But then she thought about a time she had written to me about a problem with a colleague. “You wrote me a letter back and basically told me to suck it up and get on with it or move on, because you would get this drug to patients with or without any of us,” Becky recalled. “I even laughed about it then!” 
 
    As we prepared for Batch 23, we plowed ahead with the Good Manufacturing Practice rules as we understood them. It is absolutely critical to have rules governing how to make a pharmaceutical for human use. The regulations themselves are not very long and very general. 
 
    Reading them, the average person—indeed, the average scientist—would not be able to figure out exactly what to do or how to do it. Yet these written rules are undergirded by a set of unwritten standards which govern how these rules are actually implemented. Only people in the field know the secrets, which are more complicated and difficult than 
 
    the written rules. Had I fully appreciated the depth and breadth of the requirements we had to comply with, I would have realized how difficult it would be. But by this point, I had already approached several other near-impossible situations, so I blindly stumbled into the arcane world of Good Manufacturing Practice. 
 
    We all signed up for a week-long boot camp course on Good Manufacturing Practice procedures given in San Diego. It was a good moment for team building, but the course also showed us just how far off the mark we were. 
 
    Becky and Andy freaked out about how much we had not done yet. The sheer volume of standard operating procedures, batch records, lab controls, space controls, and other details was overwhelming. It was September, we had filed our IND, and we wanted to get going on a GMP run before the end of 1997. This would be considered impossible in any normal situation, but our circumstances were extraordinary. We feared that any delay could allow BioMarin executives to pull the plug. We had to keep going. 
 
    To become a Good Manufacturing Practice operation, everything in the lab—every container of chemical—needed to be controlled on arrival, tested, and released for use. All the equipment needed to be installed through specific procedures and verified as operational. Our 
 
    procedures for running and calibrating each piece of equipment needed to be written and approved. We also had to create logs and calibrations for every single piece of equipment. All refrigerators needed to be temperature-tracked every day, and all scales, pH meters and pipettors had to be installed, tested, and calibrated on a schedule. We needed to control and monitor the environment in fine detail to make sure nothing and no one unauthorized could get into the lab and nothing was floating around in the air that might be infectious. We had to prove the air, surfaces, and water were clean to GMP expectations. 
 
    It was daunting how much had to be done, written down and planned. 
 
    Because we lacked experience, we depended on our vendors to advise us about what was expected—and we felt lucky that we had established such good relationships with experienced vendors, who could help steer us away from some of the pitfalls. 
 
    Even though the lab was relatively new, it was still full of things that would not stand up to this higher degree of scrutiny. We started by clearing out the entire lab, removing all old materials that were not 
 
    controlled. We had to clean everything with appropriate solutions known to destroy mold and bacteria, set up controlled entry and gowning procedures, and monitor the air and the surfaces for bacteria and mold. 
 
    We put the production space through an intensive cleaning regimen and then tested air quality and the cleanliness of the surfaces of the 
 
    lab and began our environmental monitoring protocol. The cleanrooms air and systems were validated and tested. All of our chemicals had to be properly ordered, identified, tested, and released using a computer- controlled tracking system with barcodes and laser scanners. Joel Gouillon, the husband of Zhi Qi Gouillon who worked with me on 
 
    the treatment of the dogs, was an incredible software programmer who programmed our own barcode control system for materials, 
 
    equipment and procedures, the GMP Tracker. Everything was barcoded, including the employees on their entry badges and every step tracked. The software really upped the quality of the controls we could put in place as a small group and assure that every step was conducted under computerized controls with the right chemicals, buffers and equipment. 
 
    We then set up a separate, highly controlled receiving and testing lab for all chemicals and supplies. On arrival, any supplies would be quarantined first and unavailable for use. Each chemical and material had its own evaluation, pre-specified in our standard operating procedures, dictating how we would prove it was what the manufacturer 
 
    said it was. We also made sure it was not damaged in transit or somehow inappropriate in condition. Identification testing for chemicals (did the supplier put the right powder into the container?) required developing methods, testing those methods, and writing them down for every single chemical. Once new batches of chemicals were tested and released according to those procedures, they were considered pre-tested and released by “Quality Control,” so we could stock the lab with them. 
 
    Step by step, we brought quality-controlled materials into the clean lab and set up tested and released equipment into the production space. All the documents or batch records were prepared to chart the production process, and we continued to work on finalizing protocols for everything we did in making liquids as well as running and testing production. The chromatography columns were packed that help us to purify our protein. We finalized the myriad of test protocols we needed to make sure the enzyme we made was pure and safe. We had to make sure the enzyme could bind and be taken up into the cells of patients. The amount of work a small group of fewer than 10 people had to do was extraordinary. 
 
    We then started creating the master batch records and written procedures needed to define the process, control it, and record it. We worked out the assay methods and the specifications, meaning, we defined the various tests and what results we would use to verify that the enzyme was good enough to be given to people. 
 
    Andy found contract Good Manufacturing Practice-compliant testing labs for some things, like sterility or chemical composition, which were critical for testing the final product once it was put into a vial. These labs could do the validation procedures required for the critical purity and safety tests required. We would run other tests ourselves on the protein purity, enzyme activity, the potency in getting taken up into MPS I cells, and other factors that told us the enzyme was effective and pure enough to give to people. 
 
    Having vendors who supported other GMP operations allowed us to progress with some level of confidence. We created our own 
 
    templates for all the documents we would need. Andy worked hard on quality control, putting together all the test/release procedures for our raw materials. He managed much of the critical relationships with the contract labs. His care and attention to detail and his incredible work ethic created the right environment for a GMP-controlled process. 
 
    At long last, we were ready. I was so confident in our ability to produce the enzyme that we went ahead and planned the clinical study. We decided that all we needed to treat the first patient was a mere 1 gram of product in hand. We would then have to finish a run each month to keep ahead. 
 
    This was risky, given the sometimes unpredictable results we had before. Most people in industry would have never started a clinical study with so little product on hand and so little time with the process. The successes we had already achieved gave me confidence; I was also still worried that if we didn’t move fast, BioMarin would pull the plug on treating this rare disease. 
 
    Patient 1, Justin, arrived in town. With his advanced disease state, Justin brought the stakes into crisp focus. Seeing him gave us the surge in energy we needed. 
 
    “Meeting Justin gave us the extra push to the finish,” Becky said. “Knowing a patient who would benefit from what we were doing really built on the commitment we already had.” 
 
    At long last, we ran the first GMP-controlled Batch 23, and the run went well. I was elated. We were on the cusp of getting this product to patients. This was only our second run at this scale, and yet we had done it. 
 
    Almost. 
 
    Once the enzyme is purified and ready to be put, sterilely, into vials, we have to test it for purity, structure, activity and contaminants. This long list is part of release testing, which is required before giving a drug to patients. Most of the tests had finished, and the results were just fine. 
 
    Then one day, after returning from clinical work at the hospital— which I still had to do despite the huge lab effort going on—I arrived in the office, and Becky was very solemn. “I have some bad news, Emil. 
 
    The Batch 23 product failed the endotoxin test.” 
 
    I was dumbstruck. Since the beginning of the program, we had never had a problem with endotoxin, a compound found in the bacterial cell wall that can stimulate an immune response and cause a fever. This could hold up everything. If the product had endotoxin in it above the trace levels acceptable, it could be inappropriate for patients, which meant the run would have failed. 
 
    We had been meticulous in our control of sterility and cleanliness in our production. Andy, as head of the quality group, launched an investigation with Becky to figure out what had happened. We tested everything and found no bacterial contamination anywhere, nor any 
 
    high endotoxin levels in any of the retained specimens from the process, beginning to end. We could not find any breakdown in the process. Baffled, we decided to look more deeply at the endotoxin level we had, as well as the assay itself, and see what we could learn about the result. 
 
    It turned out that our endotoxin level was not high at all. In fact, it was low, but it was just a bit too high for our very low release specification. 
 
    When we calculated what a patient’s dose might be, then Batch 23 clearly had trace endotoxin levels well below the FDA’s standards for injectable products and passed the federal regulations for endotoxin for a dose of IV drugs. We were in compliance with the federal regulations. How did we set the release specification for the maximum amount of endotoxin so low, well below the federal regulations? 
 
    Betty Jean had been helping to set the specifications, so I went to her office. I am sure there was stress in my voice, but I tried to keep my question simple. “Andy and I calculated the actual trace amounts of endotoxin in the product that would be given in a dose and found it is well below the federal regulations for endotoxin,” I said. 
 
    “Why was the specification set so far below the FDA regulations when it was not necessary?” 
 
    Betty Jean usually avoided eye contact when in stressful situations, and this time was no exception. “I thought that setting the specification tenfold below what the FDA requires for injectable products was probably better.” 
 
    The crisis was self-inflicted. 
 
    This was our first lesson in specification setting, a critical scientific and regulatory step in making drugs. The specifications basically establish what a good product is each time you make it. Setting them is a combination of experience with the production (we had little), 
 
    the regulatory authority’s rules (like how much endotoxin can be in injectable products), and experience from other products. 
 
    I was incredibly relieved. This was merely an error in setting the specification number, not a problem with the product. The amount of endotoxin was tiny and well within the defined safe levels. We had to write a document to the Batch Record (the GMP documents that describe the batch) explaining our decision to release the product with a deviation for this specification, but we were able to accept and release the product, since it met the FDA’s required specifications. 
 
    Now we were ready to go, which gave me a chance to reflect on the incredible achievement of 1997. Our small team had managed to take a dirty, dusty lab, reconstruct it, get it set up, equipped, operational, 
 
    GMP-compliant, and produce a first lot of enzyme in a nine-month period. During that year, we met with the FDA in June, we filed an IND application to do the clinical study with the FDA in September, and we ran one GMP lot and released the lot in December. The amount of work and effort for this team of Merry, Becky, Andy, Peter, Lesley, Harold, Chad, and Betty Jean was extraordinary. The days and evenings changing the culture medium, weekends writing procedures and running assays, were frenetic and all-consuming. We grew, we bonded, and we helped each other do whatever was needed. 
 
    In the more than two decades that I’ve worked in biotech since then, this feat represents a record for a production group starting from scratch to reach GMP. I don’t think it will ever be repeated. Even working with teams with vastly greater experience and resources, we have never beat this time frame. 
 
    Motivation was a big part of our success. We thought any delay might provide an opening to kill the program. Getting to the patients as promptly as we could was critical, to avoid someone changing their mind. 
 
    Batch 23 was released for use in the study two days before we set up for the first infusion, December 17, 1997. No one was going to stop us now. 
 
    While all of this work by the production team was going on, I was working with the regulatory team and the FDA to get the approvals required before we could give a dose to a patient. 
 
      
 
  
 
  
   
      
 
    Chapter 13: Meet the FDA • June 1997 
 
      
 
    When my lab first received its funding and we started assembling the team, people in the MPS community would not let themselves get their hopes up too high. For years, each time a study or research project started going well, the MPS families would believe that help was at hand—and then something would happen to crush their dreams. It felt like the disease was mocking them for even thinking they could have hope. 
 
    With this in the back of my mind, I also expected something bad to happen. I just didn’t know what it would be, or when it would 
 
    hit. The FDA presented the most ominous challenge before us. A mysterious force in faraway Washington, D.C., the FDA issued rulings that controlled which drugs and treatments made it to patients, and which were sent back to the lab. Could they really understand a rare, complicated disease like MPS I, which claimed a mere 200 patients in the U.S.? Could they conceive the human story behind our application? 
 
    The desperate, dying children and their families? Or would we face bureaucratic box-checking and rigid adherence to an invisible, unknowable standard? 
 
    I had not been impressed with their organization or their decisiveness so far, but that was on the phone and by mail. I had never met anyone from the FDA in person. 
 
    During the months the production lab struggled to get set up and put equipment in place, and while the research people continued to treat the MPS I dogs with the higher dose we expected to use in children, my evenings and weekends also became consumed with planning for our first encounter with the FDA to seek a path toward permission to treat MPS patients with enzyme replacement therapy. 
 
    BioMarin hired regulatory expert Dick D’Agostino of Inveresk Research to help plan the interactions, put together filings, and orient us to the strategies, tactics and acronyms of the regulatory process. Our work with Dick was designed to help us prepare and submit an IND, 
 
    or Investigative New Drug application, which is needed to be accepted before you treat a patient in a trial. 
 
    Before submitting an IND, it is advisable to meet with the FDA first to discuss your plans. For that meeting, we prepared a pre-IND package of documents, known as a briefing book, describing how we would make our drug, test it for safety, and treat patients in a clinical trial. 
 
    This included a section on the chemistry, manufacturing, and controls, commonly known as CMC. We also had to file our preclinical safety plans to demonstrate the drug would be safe at the proposed doses, and our clinical study plans on how we would treat and evaluate MPS patients. 
 
    The pre-IND meeting helps prevent any unpleasant surprises. 
 
    Assuming it went successfully, we could then file the full IND application and prepare the clinical trial. If the FDA has no concerns after a 30-day review period, the IND becomes active, and the study can proceed. 
 
    Dick directed me on what to write, and I worked in the evenings, penning one piece at a time, without having any idea of the big picture. I had never written any of this before and had no idea of the style or organization. I collected our data and reports as needed and designed 
 
    a clinical trial based on a prior study of an enzyme therapy in Gaucher disease, a product which had been approved for Genzyme just a few years before, in 1992. 
 
    As we proceeded, Dick told me that we would require a whopping 25 grams of iduronidase to conduct our animal toxicology studies to assure the enzyme was safe. This might not seem like much—a mere 5 teaspoons—but in fact it was a huge amount. It would require two years to make, given our rate of production of about 1 gram a month. One gram could treat one average patient for one whole year, so the amount needed for the animal studies was almost three times what was required to treat 10 patients for one year! The delay and exorbitant cost would destroy our program. 
 
    I argued that we had to find another way, but he assured me it was absolutely necessary. Our plan, lean as it had to be, would potentially crush our hopes and our months of hard work. 
 
    Nevertheless, we started preparing our information package, and Dick sent a request for a pre-IND meeting to the FDA. The meeting was set for June 1997, at the Center for Biologics Evaluation and Research (CBER). We had just barely set up the production lab and were still working on solving the allergic reactions from long-term therapy, yet already, we were supposed to go to Washington and present our plan to treat MPS I patients. 
 
    A month before the meeting, we sent in our pre-IND information package. We described what the research had shown, the manufacturing process and safety measures, our MPS I studies in dogs, our toxicology plan, and finally our clinical plan, or how would we show that it worked in people. 
 
    This was a difficult proposal to put together, because no one had ever done a study in MPS I before. It required substantial guesses as to what we could measure and what we could show. While I had modeled the plan after another drug for Gaucher disease, the diseases were different, and proving something worked would require a different approach. 
 
    I stayed at a hotel in Bethesda, Maryland, with the BioMarin group: co-founders John Klock and Chris Starr, as well as Dick D’Agostino, the consultant. We practiced for a few hours before driving to CBER’s offices nearby, in an older building on the National Institutes of Health campus. We checked in and waited. The piles of boxes and papers in the hallways gave us the feeling that we were about to meet a group of people struggling to keep up with their workload. 
 
    We were led into a large room with two plain, long folding tables set opposite each other and additional furniture cluttered randomly around the edges. The two tables were far enough apart to require significant effort in speaking and listening. I was getting mixed messages: ominous and forbidding on the one hand, haphazard and chaotic on the other. 
 
    The FDA representatives who came into the room appeared professionally friendly, yet serious. The team included Blair Fraser for the protein production or CMC work; Dave Green for the nonclinical safety research; and Thomas Eggerman, an endocrinologist, as the clinical reviewer. The team leader was David Finbloom. 
 
    The BioMarin group sat at one table and the FDA representatives sat at the other, facing us. Finbloom sat in the middle, flanked by Fraser 
 
    and Eggerman, with Green on the far right. Finbloom had a shaved head and persistently serious demeanor that appeared to me to be particularly stern. 
 
    We presented our program, using 35 mm slides reviewing the enzyme and the MPS I dogs, explaining the biochemistry of how the treatment worked in them. We then showed them a video of two MPS I sibling dogs made by our colleague Bob Shull at the University of Tennessee College of Veterinary Medicine: one had received the treatment; one 
 
    was untreated. The treated dog looked good and was shown running down the street off the leash, while the untreated sibling dog just stood there with its tail between its legs, not wanting to run or even move. The difference was startling. The FDA team seemed engaged and interested, but still skeptical. 
 
    Dave Green, the animal toxicology expert, started by perusing the documents and not looking at us. It appeared as if he was going to deliver bad news. He then announced that, since the protein was a 
 
    normal protein in the body and we had MPS dog data, he thought that would be enough animal safety data to treat the patients. He asked, “Do we have any autopsy data on the treated dogs?” I told him that we had autopsies on all of them, since they were at a vet school. “That will be fine. Just submit those autopsies in your reports,” he said. “We don’t need to do any more toxicology or safety work in animals at this point.” 
 
    I was elated and relieved. The extra 25 grams of iduronidase would not have to be made. The two-year delay was gone in a moment. Just like that, Dave Green gave us a critical break. He gave credence to our research work, recognized this was normal enzyme replacement, and 
 
    opened the door to a rapid entry into the clinical study. While everything he said made sense, I had not expected the FDA to accept our study so readily, given Dick’s dire predictions. 
 
    We then discussed the clinical program with Tom Eggerman, the endocrinologist. We talked about the measurements we proposed and the criteria for showing that the drug worked. We focused on using biomarkers of liver and spleen size, as in the Gaucher trial, as well 
 
    as urinary substrate or MPS excretion. Clinical endpoints would be supportive, given the small size of the trial, 6 patients for 6 months of treatment. He asked us to make a small adjustment, and we agreed. 
 
    He also said that this one study would be enough to get approval, if it worked well. Like Dave Green, Eggerman was practical and helpful. Again, elation. The plan was falling into place. 
 
    Finally, we talked about the “CMC” or chemistry, manufacturing and controls—the nuts and bolts of how we actually make the enzyme. This area of questioning had a good-cop/bad-cop feel. Finbloom seemed rather severe, while Blair Fraser was more congenial. Fraser asked a few chemistry and analytical questions, but had no major issues. We assured him that we tested for mycoplasma in our cultures, and he reiterated that he wanted us to make sure we tested each lot. Finbloom was concerned about testing the cell line to make sure it did not contain other viruses or mycoplasma infection. We elaborated on our plan, which we had laid out in our documents, but he was worried because we were doing the assays ourselves. I told him that the comprehensive master cell bank testing was being done by two contract testing labs, Quality Biotech and Microbiological Associates, firms they knew, using standard validated procedures. With that information, his somber demeanor relaxed. He realized that we had actually done our work with the professional labs he preferred. All those piles of photocopies the FDA had sent me years before had helped me realize we needed professional help That help 
 
    from those testing companies, at a cost of a precious $100,000-plus Ryan Foundation money, had paid off. Once Finbloom knew that everything was thoroughly tested, he had no problems. It was a go. 
 
    Toward the end, they noted that their FDA colleague Joseph Fratantoni had worked on this enzyme years ago. That was the same Joseph Fratantoni who, working with my mentor Liz Neufeld at the NIH, conducted the mistaken mixing experiment that discovered the treatment route nearly 30 years before at NIH where CBER is located. That’s when I really felt the stars were aligned in our favor. 
 
    After the meeting ended, we walked over to their table, and I had warm, congratulatory handshakes with each of the FDA members, most memorably and long with Blair Fraser. He was thankful that someone was working on this terrible disease and vowed to help us get it done the right way. I didn’t feel alone at that moment. The FDA was rooting for us and would help us get it right. 
 
    Years later, I learned that Finbloom was one of the foremost progressive reviewers at FDA and a patient advocate that helped bring many therapies to market. According to a friend and colleague, Mike Astrue, FDA examiners at the time of the AIDS crisis would put up roadblocks to proposed treatments, but Finbloom would push through the roadblocks. Clearly in this meeting today, he was instrumental again in driving us forward and pushing through unnecessary barriers. The importance of this meeting to the progress of the treatment cannot 
 
    be overstated. 
 
    I floated back to our waiting car and went straight to the airport. Maybe the MPS kids would not have their hopes crushed this time. Maybe this time, the dream would come true. 
 
      
 
  
 
  
   
      
 
    Chapter 14: Pressure and Protocols • June 1997 
 
      
 
    The morning after I arrived home from Washington, D.C., I woke up feeling elated and marveling at my good luck. So many things had seemed to fall into place in this program that it started to feel like success was our destiny. Running through the whole sequence over the last six years reassured me of our luck in both scientific and financial matters: 
 
    1.                     I made a cell line that produced enzyme. 
 
    2.                     I tested the enzyme, and it was properly processed. 
 
    3.                     I gave the enzyme to MPS I dogs, and it worked at very low doses. 
 
    4.                     I found the Dants, a family raising money to save their son. 
 
    5.                     A company, BioMarin, discovered our project and stepped in to fund the work. 
 
    6.                     The FDA enabled us to proceed more promptly to the clinic. 
 
      
 
    Now, I was ready at last to start the work that would let us move to patients within a year. It was fully in our power to make this happen. I felt that someone must have been watching over us and this project for so many good things to happen. 
 
    I looked down at Jenny, peaceful and quiet on a Saturday morning, smiling as she slept. I have never seen or heard of anyone who smiles while they sleep, except perhaps in the movies, but Jenny does smile when she sleeps. A quiet, peaceful, all-knowing smile with a curl at the ends. Jenny loves to sleep. She never lets things rattle her as I do, and she radiates a friendly warmth, no matter what is happening. That remarkable inner peace must be why she appears so content while she sleeps. It is certainly one reason why everyone she meets becomes her friend, and one reason I love her. 
 
    By this time, our son Albert was four and the next year, 1998, we would have twins, Katerina and Joe. Even with a little boy, Jenny was working full-time as an OB-GYN physician, while her mother 
 
    helped with childcare, yet she always maintained her calm. I hoped my children would get some of Jenny’s inner peace and a little less of my intensity. 
 
    Even as she slept, I went over the whole story, talking very quietly, as I often did when I came home after bedtime and I knew no sound could possibly wake her. As I was talking, I realized how obsessed I had been these last few years, working at all hours to do this project and not as involved at home. The hours Jenny spent waiting for me to come home and the stress and intensity of my battle with impossible challenges had taken a toll. 
 
    Jenny never complained about my hours, but not having me home at a normal time every night could not have been easy. Still, she kept an even keel. “I didn’t find it frustrating,” she said. Having trained as a resident herself, and then working on-call as an OB/GYN—she never knew when her patients would go into labor and need her—”I just knew in medicine you’re working all the time,” she said. “You’re always just putting out fires. You feel you’re never getting anything done or completed. That’s how all of life is. Doesn’t everybody work 20 hours a day? Or stay up for 36 hours at a time?” 
 
    As Jenny noted, that was the nature of the job. Why question it? “Just do it,” Jenny said. “You’ve got to get it done. Then you’re tired. Or you get over it.” 
 
    I was tired. But I pushed through it, now that it was nearly all solved. 
 
    My mandate was clear: Finish producing the enzyme, get the protocol activated, treat some patients. It wasn’t going to be as easy as that made it sound, but it all was within my power and no longer depended on luck. 
 
    On Monday, I told Mark Dant the news and he was ecstatic. I could hear us both tear up on the phone. As our voices quivered, we shared the feeling of the long road traveled and the vision of the path forward. Ryan could get his medicine. Whether it worked or not, at least he would find out what the best science we could muster could do for him. 
 
    I could not offer Ryan a slot in the study yet, as I had to get approval to begin recruiting parents, but Mark knew that whatever happened, the treatment he had bet everything on would reach MPS patients. 
 
    At the iduronidase production lab that morning, I gathered Becky and the group for a meeting, and announced our good fortune with the FDA. I told them how we did not have to make the huge 25 grams of enzyme for the toxicology work but just had to get set for treating the patients. The group was happy, but I could also sense some concern. 
 
    They already realized and predicted correctly that the pressure to get the first lot out and treat the first patient would now be even more intense. 
 
    I said we should shoot for treating the first patient before the end of the year. It seemed possible, although it gave us absolutely no room for delay or error. But I was still worried that the opportunity would disappear overnight, as it did for John Hopwood in two previous attempts. This particular situation was more under my control, but I did not want to be complacent. If we could treat even just a couple of patients, I would have the results with which to recruit other funding, in case BioMarin backed out. 
 
    It all seemed plausible to me, but it was clear that to those few hardy souls who had been working at the bench, the timeline and the amount of work demanded appeared daunting. The roadmap to the first infusion in a patient was: 
 
    1. Make enough enzyme under GMP conditions, 
 
    2. Test it for identity, purity and potency and release it in compliance with the specifications 
 
    3. Finalize a clinical protocol for how we will test the therapy in humans. 
 
    4. File the IND application with the FDA and UCLA’s human subjects board and hope we get the okay to proceed. 
 
    5. Set up, consent and treat the first patient. 
 
    As the production lab, under Becky’s steady hand, continued to drive forward on setting up for production and purification of the enzyme, I began focusing on the clinical study. First on my list was hiring the nurse coordinator for the project. 
 
    Barbara Lyons was the clinic coordinator for the Medical Genetics department at Harbor-UCLA, after having been the newborn screening coordinator for some years, and at L.A. County-USC Medical Center before that. She was exactly the right person for our study: conscientious and detail-oriented, yet warm and thoughtful. She had an even- 
 
    keeled, calm, kind personality. I needed that kind of help now. She had expressed her interest in doing the work, although she admitted she did not know a lot about clinical studies. Well, that made two of us. 
 
    My only hesitation in hiring Barbara came because I knew it would impact the medical genetics clinic, which had finally become better organized under her management. She was so valuable there and I wondered if recruiting her to the study would impact the care of all the other medical genetics patients. I also considered that our coordinator position was hardly as secure as the job at the clinic. Any job with my program could disappear without warning. I would hate to do that to someone so dedicated and professional. 
 
    I was mulling over this situation and walking down the hall of bungalow E4, when I saw her in the newborn screening office. I interrupted what she was doing and, instead of scheduling a meeting, or at least sitting down and talking calmly in the way someone with management experience would have done, I awkwardly blurted out my concerns while we stood in the doorway. 
 
    “Maybe it would be safer and better for you to stay on as the clinic coordinator, which would be a secure job, and not take the risk of being on a trial that could fall apart at any moment,” I said to her. “You are so critical to the clinic, and the trial is so uncertain as to what will 
 
    happen… it could be too much of a risk for you …” My voice trailed off as I saw her expression change. Her face went flat, and her eyes began to well up as I wound my way to the punchline. She looked crushed. I stopped talking, frozen by her reaction. 
 
    I had not fully appreciated how much she had looked forward to the clinical study and the coordinator position. I had thought only with my operational side, analyzing the situation, but I had failed to account for her personal aspirations. She had no fear about what would happen. I did not need to manage her risk for her. 
 
    Barb still remembers feeling crushed by my words. ““I remember thinking, if I’m doing so well at one job, that’s no reason you should exclude me from doing another job. That did not make sense,” she said years later. “I was angry when I went home and thought about it. I thought, ‘If I can’t do another job, I’m not going to stay there.’” 
 
    Fortunately, I came to my senses that night. “Just forget what I told you,” I said the next day. “You can be the study coordinator.” She accepted instantly. 
 
    Hiring Barb as study coordinator turned out to be the best decision I made that year. The patients loved her; the children all called her “Grandma Barb.” Now the huge work of setting up the study within the hospital had an experienced and conscientious person in charge. Just as with Merry and Becky, Barbara was all in. Having her on the team was reassuring. 
 
    The to-do list that had seemed so short and simple now filled in with an inordinate number of tasks to accomplish before we would have enzyme, properly made, that we could give to children in a trial. I had to finalize the study protocol, which spelled out exactly what we would do. We had to file the IND, which would tell the FDA about the 
 
    safety testing for the product and how we would make it, test it, release it for use, and treat patients in the clinical trial. I also had to struggle with UCLA’s institutional review board for human subjects, known 
 
    as the IRB, a group charged with making sure researchers don’t take unnecessary risks with patients. 
 
    To get the clinical protocol going, Barb and I would have to prepare a study manual and coordinate with the clinical departments and other institutions who were going to participate in the trial. As I developed new assessments for our patients, she would figure out how to get those performed in the clinics and the hospital. BioMarin had hired a contract 
 
    research organization to manage the study, but we soon learned that they limited their work to making forms for us and managing the data, once we got it. In terms of the design and preparation for the study, we were on our own. 
 
    Defining the protocol was a challenge. Protocols are written plans with a predefined and required set of information to collect, procedures to do, and drugs to administer. An IRB- and FDA-approved protocol 
 
    is needed to enroll patients in a clinical study. The protocol includes measures to determine if a treatment works and is safe. Given that therapies for this disease had never been studied before, defining these measures was a challenge. What do you study, when no one has done a clinical trial of that disease before? 
 
    I started with a New England Journal of Medicine paper written by Norman Barton and others from Roscoe Brady’s laboratory about the first-ever enzyme therapy called Ceredase, which was used to treat Gaucher disease. 
 
    Unlike Gaucher, MPS patients have many different body systems affected: skeletal and joint problems, airway problems, heart problems, infections, hernias, and others. This made it difficult to know what to measure. We needed to see effects within the time frame of six months, yet we also needed to be able to study a variety of patients. These factors made it extraordinarily difficult to pick what could show improvements that were important to patients as well as researchers. 
 
    I looked at the bone marrow transplant literature for MPS I and found that no formal studies had ever been done. The limited data only talked about intellectual development and a few markers. 
 
    Our FDA agreement stipulated that we would focus on whether the drug worked or not, how much the enlarged liver and spleen would shrink, and how much the therapy decreased the build-up of the 
 
    sugar compounds MPS or GAG that poured out into the urine. Those biomarkers were closely associated with the disease’s genetic defect and storage process, and they would be easy enough to measure objectively with machines or assays, so the results would not be subject to our clinical judgment. 
 
    This was an important point, since the study was “open label,” meaning we had no placebo control group. A placebo group receives a drug that has no active ingredient. This is to make sure the effects seen in active-treated patients are due to the treatment and not imagined or biased by knowing they are getting treatment. 
 
    Using a placebo-control group method for rare diseases is hard, because there are so few patients. By having objective biomarker data that could be observed and analyzed by an outside analyst, we could ensure that our desire for the therapy to work would not taint our observations and that the benefit was solid and real. 
 
    The trial’s efficacy would be determined based on those biomarkers, but I also wanted to capture changes in the clinical problems of these patients. I set about building an extensive protocol in which we made clinical assessments of every system in the body as objectively as possible. The patients would have to endure a full busy week of testing, which they later dubbed “Hell Week.” 
 
    As I worked my way through the design, Barbara lined up the tests, arranging for a host of specialists: an MRI technician for imaging, 
 
    a sleep specialist for the airway obstructions, a cardiologist for the heart, a physical therapist for the joints, ophthalmologists for the eyes, a photographer for the eyes, and a neurologist for cord compression problems. The number of assays using blood, urine, and spinal fluid included measuring the accumulated sugars in the blood and urine and 
 
    tracing the pathway of the enzyme once it’s administered. Merry and Zhi Qi Gouillon, another research staff member, set up a series of assays to measure the enzyme level and its effects on sugar levels—a tedious task, but critical to measure efficacy. 
 
    With all of this work under our belts, we began assembling the IND. We collected all the MPS I dog studies and the data on our production methods, assays, and related information needed for the Chemistry, Manufacturing, and Controls section. We also added the handwritten records for Batch 22. 
 
    I wondered whether this early draft would pass muster with the FDA. It was not the final GMP process, but the IND only had to outline how we would do it. As I learned, it wasn’t necessary to have done it already. Most important to them was to be sure we would not end up with infected or contaminated materials, which would prevent the product from being injected into people. 
 
    Stu Swiedler joined BioMarin at that time to run the nonclinical and pathology work. He was an MD-PhD, trained in pathology, with expertise in drug development from his work at Glycomed, a company 
 
    John Klock had founded. Stu was brilliant and thoroughly a New Yorker in attitude and history. He had an encyclopedic knowledge of baseball, trains and jazz. He told me he played guitar, but in all the 10 years I worked with him, I never actually heard him play. 
 
    Stu told me that he had joined BioMarin so he could finally get a product approved. Even though he had worked for many years at Glycomed and in biotech, he had never gotten a product all the way through the pipeline to approval. Stuart thought we would get this enzyme to work, and his goal was to be at a place that finally did it. This represented another surprising discovery for me: Most biotech companies never get a product approved. 
 
    Once the IND was filed in September 1997, I had to refocus on the study itself. I submitted the paperwork to UCLA’s IRB (the Institutional Review Board.) They told me the protocol description needed to be fixed, because some of the language was too complicated for patients. “It’s not fifth grade English,” the IRB chair told me, “and you have to make it understandable at that level. Those are the rules.” 
 
    I gave them the language they wanted, they approved the protocol and consent form, and I could finally call patients and tell them about the study. 
 
      
 
  
 
  
   
      
 
    Chapter 15: Finding the Right Patients • Autumn 1997 
 
      
 
    Once I had the Institutional Review Board’s approval, I had to think about who would get the chance to be in the study. At first, we had planned for only six slots, but now we decided to push to treat 10 
 
    patients. We had been achieving better than expected productivity of the culture system, so it seemed possible. More patients would give us more data and would help assure that we hit the endpoints, showing the benefit of the therapy, as well as its safety. The Ceredase study had 12 subjects, so for us 10 subjects seemed like a good cushion over the six we had promised the FDA at the pre-IND meeting. 
 
    The two big questions were who to enroll, and in what order. Should Ryan be first? It would seem natural, since the Dants had done so much to enable the work. At the same time, I did not want people to think that the Ryan Foundation’s money had bought him the first place in line. And being first was not necessarily an advantage. Nothing was known as to how the enzyme would perform in patients. I decided to make him third and find two other patients to be first and second. 
 
    Deciding who else would be in the study, and when, presented a sticky dilemma. I knew how desperate the MPS community was. Dozens of patients suffered with brutal effects, teetering on the edge of life. 
 
    They had lived without treatment for so long that they and their families were willing to try anything, no matter how experimental. 
 
    I did not want to advertise the study widely, hoping to avoid a mad rush and setting people up for the disappointment of being rejected. I hoped to fill the study slots with those patients whose families had been motivated enough to contact me on their own after they heard about our work. Some parents had called me persistently and committed, even before we had a study planned. 
 
    I looked through the list of patients who had sent letters with their stories, hopes, and photos. We needed to pick patients in whom 
 
    something was clearly so wrong that we could measure it, whose disease was significant, but still reversible, and who would hopefully benefit from the treatment. They had to be willing to participate in a process with a grueling testing regimen. 
 
    At the time, MPS I patients were classified into one of three syndromes: Hurler syndrome, Hurler-Scheie syndrome, and Scheie syndrome. In truth, this represented a spectrum from most to least severe. Because the enzyme would not likely help the brain, and given that young Hurler patients already had bone marrow transplant as a treatment option, we decided to focus on the intermediate Hurler-Scheie patients, who would be less likely to have a drastic immune response. 
 
    We needed patients old enough to be able to tell us about symptoms or problems, so we set a lower age limit of 5 years. At that age, they 
 
    would also likely have enough disease to measure, so we could figure out if they were getting better or not. 
 
    Ryan was an intermediate type, and I had a few others like him already lined up. Clinically, this focus made the most sense, although we might get even more information if we included some patients who were more severe, as well as some who were milder. 
 
    I had been contacted by about 50 families, and I now had the difficult task of deciding who would be first in line for this experiment. 
 
    After looking at the pictures and notes, I thought the first should be Jennifer Nelson, a 17-year-old California woman with less severe disease. At her age, she would be larger and more communicative than the very young children. Most importantly, she was not faring as poorly as other patients, which meant her body was probably still producing a little enzyme. Therefore, she would tolerate the treatment better and be less likely to have an allergic reaction. 
 
    I called her family repeatedly, but received no answer. Finally, 
 
    I reached her mother, who told me Jennifer had just had open heart surgery and was still recovering in the hospital. 
 
    That experience showed that the “mild” version of the disease wasn’t exactly mild, since it can lead to valve destruction and open-heart surgery at age 17. 
 
    The FDA required us to stage the enrollment, so it would take about five months to enroll everyone. I suggested that Jennifer could participate later in the study. Ultimately, her luck wasn’t all bad: She joined the study six months later, as patient number 7. 
 
    I looked through others before going to Justin McComiskey as my next choice for the first patient. He had been described as less severe, and his mother Lynnda was so committed and enthusiastic that I thought she might like to be the first. 
 
    Telling patients that we were starting an actual clinical trial was a special thrill. The only thing that beats it is the profound feeling of being with a family at a first infusion. When I called Lynnda, she was really excited about the possibility of Justin being first, and she was ready to go. 
 
    Justin was one of four children in the family. Their father worked in the Navy at Virginia Beach. Lynnda didn’t have a job outside the home; she spent years taking care of Justin, a 24/7 home nurse. 
 
    Lynnda told me that Justin was mild, but as I looked at his medical problem list, it seemed rather long. It was hard to tell just by reading and talking to them over the phone. They would have to come to Los Angeles. If they passed the screening criteria, we would enroll them. Justin later turned out to be a severe Hurler-Scheie patient who was in the later stages of the disease, which would force me to confront the first serious question of the trial. 
 
    Patient #2 became Heather Alicia Creel, a 12-year-old girl from Alabama, who was physically ravaged and restricted by MPS. Heather’s father worked in computer design, her mother was an educated professional as well. She had one younger brother. Heather was at that delicate age at which girls become acutely aware and sensitive to their appearance. To have MPS I on top was particularly horrible. Heather’s condition was declining. She had to slide her legs back and forth from her hips, as her knees did not flex and extend normally. Her knees were fixed at an angle that made running impossible. Her breathing was impaired and especially blocked at night. She was short of breath all the time and could walk 50 feet at most before having to rest. 
 
    After Ryan as patient #3, Spencer Holland would be fourth. His parents, Steve and Amy Holland, both grew up in the same small city of River Oaks, Texas, population 8,000, a suburb of Fort Worth. They were raised two streets apart and attended the same elementary school, going on to become high school sweethearts. “Steve was the only boy I ever dated,” Amy said. “The only boy I ever kissed.” Yet little could they know what the fates had in store for them. “Our genetic future was sealed at a very early age,” Amy said. “It turned out we were both carriers of this very rare disease.” 
 
    After Spencer was born in December 1989, his sister Madison came along in June 1991, and another girl, Laynie, a year after that. Maddie was actually the first to show symptoms of MPS, when she was three years old. Once the test showed she had the disease, doctors tested the other two kids, and against the odds, they both had it as well. With both parents as carriers, the Hollands had a one-in-four chance that any one of their children would have MPS. Steve, a CPA, said that the odds were one-in-64 that all three would have it—less than a 2 percent chance. 
 
    Somewhere out there, other families had the same odds, and never had even one affected child. Without knowing it, those families had dodged a bullet. Heartbreakingly, the Hollands made up for those lucky ones. 
 
    Not long before the trial, the Hollands had found that their children wouldn’t be eligible for bone marrow transplants, so the trial represented a new lifeline. They submitted all three to join the trial; they didn’t want to have to explain why they had chosen one of their kids over another, so they left that decision to me. 
 
    I rejected Maddie and Laynie and accepted Spencer, who was seven years old at the time. As the oldest of the three, he seemed the most able to work with us during the procedures. We could risk only one child in a family at a time, as this was still an experiment. But that meant the 
 
    parents would have to watch their girls decline while Spencer got treated. 
 
    Spencer was a less severely affected boy who seemed oblivious to his disease and just wanted to have fun at all times. His cheery personality was powerfully complemented by his sense of duty to his sisters. He told them he was doing this study for them, like taking a bullet—all the blood tests and needlesticks—so the treatment could get developed and his sisters could get treated. 
 
    “Once Spencer was selected, he was very proud to participate to help his sissies, which was his word for sisters,” his father, Steve, said. “We described him as being an explorer, like Lewis and Clark. He enjoyed that illustration and the limelight and attention the trial provided. He was proud to help all kids with MPS.” The hard decision of picking one over the others was made easier by the conscious self-sacrifice of a brother for his sisters. 
 
    Amy and Steve never complained about having only one child in the study. They were the most gracious and empathetic couple, which made their terribly unlucky situation—three MPS children!—particularly tragic. But when it came to their children’s healthcare, they were battleship parents, fighting for anything that would help their kids. With regard to this study, they were always accommodating and supportive of everything we needed. 
 
    Woody Duffy was the fifth patient, a sassy 12-year-old, who used a feisty attitude to protect himself and still gain some entertainment out of life. He was a handful, with no filter and an in-your-face attitude. After agreeing to see him for a screening, I sent a copy of the consent form and study documents for his family to review prior to their visit. When Woody showed up with his mom, Beth, he had all the usual physical Hurler-Scheie symptoms, but his confidence and sass were on display all the time. As I explained the consent form and the trial and asked if they had any questions, Woody asked, “Is this exactly the same thing you mailed us?” “Yes it is,” I confirmed. “That’s fine then, as I already read it all,” he said. “So, if something goes wrong, I can still sue you, right?” 
 
    Beth bowed her head and covered her face in embarrassment. “Yes,” I said, “you can sue us at any point. I hope we will get this 
 
    right, without lawsuits. But clinical trials have risks, and we don’t know for sure what...” 
 
    He cut me off before I could complete my thought. “That’s fine,” he said, “as long as I can sue you.” 
 
    His mother seemed aghast at Woody’s assertion, but once I got to know her, I found that Beth was also fairly direct. Frankly, I loved Woody’s assertiveness. He turned out to be an ongoing source of entertainment, humor and sass, endearing him to everyone who worked with him. 
 
    Greg Day was patient number 6, a 22-year-old fly fisherman from Montana who could no longer fish and stopped attending school due to heart failure. He was likely at death’s door, and he looked it. Greg had a huge belly, as his liver was distended, with a bump from an umbilical hernia that looked awfully uncomfortable. His older brother Scott, who was also affected, wanted Greg to have this slot since his situation was so dire. Scott didn’t even offer himself, even though he too was not well. Greg had a tremendous attitude that showed real Montana frontier spirit. If you asked him how he was doing, he would always answer, “fair to middlin,” no matter how bad or how good he was feeling. He never got too enthusiastic about small talk. 
 
    Patient number 7 was the teenage girl, Jennifer Nelson, who had been in line to start the study before her heart bypass surgery. While she was not as seriously affected outwardly, in her face and body, she still had terrible problems with her joints, her fingers, her stamina and fatigue, as well as the acute heart issues. Her heart valve had healed well since her surgery. She had gone through her teenage years incredibly depressed and stuck in her room. She had been waiting for something—or to know definitively that she would get nothing. She was happy that the study was giving her a chance. 
 
    Patient number 8, Natalia Misiejuk, was a Hurler child from a Polish family living in Houston. Natalia’s parents Miroslawa and Edward, emigrated to the U.S. for the sole purpose of finding a treatment for their daughter. Edward was a skilled engineer, and he found work with a pump manufacturer in Houston. Although she was only five years old, 
 
    Natalia was more advanced in her disease and too old for a bone marrow transplant, which is only used in very young MPS patients. Her parents were the most gracious and cultured of people, grateful for the possibility that they could help their daughter in some way. Natalia’s mother had elegant, old country manners, and she dealt with the potential death of her child with an inner strength that gave her a special grace. 
 
    Natalia had a chance to be the only Hurler (severe form of MPS I) patient in the study. She was a sweet girl, but had lost the ability to communicate beyond a few occasional words. She clearly was having more pain in her joints and body, leading to more and more fussy behavior. The probability of helping her brain was very low. But could we help her breathing, ease the discomfort in her joints, and shrink her enlarged organs? I decided it would still be important to study one Hurler patient who was too old for a transplant, to see if we could help her, too. 
 
    Christina Leighton, age 9, was patient number 9, a cute girl from a warm, cohesive San Diego family, who amazed us with her positive outlook while fighting a condition that would crush the soul of most people. The disease did slow her intellect a bit, but like many MPS I kids, she was sweet and compliant, despite all the tests we had to run. 
 
    She immediately became a staff favorite. Christina had a particularly close and warm relationship with her older sister, who was old enough to understand the grave situation. The strength and support from her and their loving parents was palpable at every visit. Finally, there was Bryant Graeber, patient number 10, a big 14-year- old from North Carolina with pleasing Southern-style manners. He said, “Yes, sir” and “thank you, sir,” all the time, interlaced with his expressions of fear and loathing of the tests, especially needles. He had had multiple fusions of his back that failed, likely due to the underlying 
 
    MPS disease. He wore a clamshell brace on his body, but Bryant was less concerned about his back than about the needles. He always had major philosophical questions and tended to ask them repeatedly. 
 
    Bryant’s mother Melissa was a gregarious, well-organized businesswoman who was seeking the best for her son. I met her when I presented the first dog treatment data in 1994, at an MPS meeting in North Carolina, and she had told me then that she was going to keep 
 
    her eye on me. She later told me that, when I called her to tell her about the trial, “It was truly the call I wasn’t sure I was going to get.” She was both elated and frightened. She didn’t accept right away; instead, she consulted all of Bryant’s specialists and doctors to get their opinion, concerned that Bryant would be getting something that had never been tried. “Every one of them said, ‘He needs to do this,’” she recalled. “’You’re losing time. You’re losing ground. He’s getting worse. The FDA is notorious for taking a long time to approve drugs, and you need to do this.’” 
 
    “Within a few days, I had a FedEx package that seemed like three feet deep, with all kinds of forms to sign, with all the stuff about the risk,” she said. “I signed off and sent it back.” 
 
    Melissa often brought her father to appointments early on in the program, and he was the classic Southern gentleman with a kind warm heart. Melissa had a big heart as well and wasn’t afraid to express her feelings. She was gracious and thankful. She tried to minimize Bryant’s potential annoyance of me by interceding with Bryant’s repetitive questions, but they didn’t bother me. He was also prone to declarations of success that made him sound like a Baptist preacher at times. He was a great character to have as the last of the 10 patients. His extended family added to the color of an amazing few months ahead. 
 
    I had put each one of these people on my first list, the top 10 patients I would include in the study. One by one, I called each patient’s family and talked about the study, asking if I should send them the package of information and schedule a screening visit. I made 10 calls, and I had 10 patients who wanted to be in. No one declined. The level of excitement was palpable. Parents exclaimed, “Oh my God, it’s actually happening! I didn’t really believe it would ever get here in time.” 
 
      
 
  
 
  
   
      
 
    Chapter 16: The Impossible Finally Happens • 1997 
 
      
 
    By late 1997, we were close to our final goal. We had the first patients lined up. We had our clinical study protocol approved by the FDA and 
 
    by Harbor-UCLA’s Institutional Review Board. We were near completing our first production run of pharmaceutical quality enzyme. Batch 23 
 
    was running and doing well. We had finished the cell culture stage and purified the enzyme under the requirements of Good Manufacturing Practices regulations. For a group as small as ours, GMP production is usually thought to be impossible. The people on my team accomplished it through herculean effort, working every day and often through the night. However, the process had not been smooth. 
 
    We had ran a first “engineering” run—a practice production run, Batch 22—in August of 1997, not having all the GMP controls in place yet. I had assumed we would file the manufacturing information in the Investigative New Drug (IND) process after the GMP lot was made. Instead, BioMarin wanted us to file earlier, so we finalized the 
 
    manufacturing documents of the Batch 22 practice run and sent them to the FDA in September. The process was representative of our production, but not yet GMP. 
 
    Grant Denison, the BioMarin CEO, had decided we needed to proceed more quickly to file the IND and start the study so that he could continue to raise money for us. He had questioned why we weren’t just proceeding with this Batch 22 to the clinic. Why didn’t we run a GMP batch already? 
 
    Chris Starr, the head of research at BioMarin, asked me these questions at a meeting at their headquarters in Novato I was surprised that they didn’t realize the time it takes to do an engineering run, work out the methods, and then proceed with a highly controlled GMP run. No one could do this in the short seven months we had been operating. We had been working at breakneck speed and were ahead of our aggressive schedule to reach the clinic in March 1998. Now the company was putting pressure on us to start the trial even more quickly. 
 
    I basically blew up at Chris for intimating that we were not working fast enough, when no one at BioMarin was actually doing anything to help, despite having more money and more people than we did. They didn’t even provide us GMP support. 
 
    The extra pressure to achieve even more did not make sense, given the lightning pace at which we were already operating. It makes even less sense in hindsight. Knowing what I know now, we had achieved more by that point, and done it faster, than most companies ever accomplish. We were on track to meet or even beat our agreed deadline. 
 
    I knew we could not use Batch 22 in patients; It was not GMP, and we had not put in all the controls. When I told this to Chris at the meeting, he backed down. But I understood this came with a price. 
 
    The risk for me personally became clear. I would have to take full responsibility for the production and the clinical study, no matter what words of assurance I might hear from company executives. The company would have an easy way out by putting the blame on me. Because of this, I had to ignore their attempt to pressure me. I was on my own, and I had to get it right. 
 
    Their pressure also raised my worry that BioMarin might not be able to afford everything we needed to get the project done. I did not know exactly how much money they had, nor how fast they were burning cash in their operation. They had been hiring new people quickly and were working on several other projects. I worried that they were running too close to the edge, financially. 
 
    The tension and pressure to go faster, despite our already extreme speed, got me to the point where I blew up at Ruth Eisenberg, a clinical research associate working for Inveresk, who was going to monitor the study. She had wanted me to prepare even more documents for her. I felt BioMarin and Inveresk had done so little that, when they critiqued my work and put further pressure on me, it was more than I could take. 
 
    After this outburst, I realized that the pressure was getting to me. 
 
    I could not let that happen. I had to hold steady all the way to the home stretch. Fortunately, I had the support of a caring and committed team. Becky Tanamachi managed production, and Barbara Lyons and 
 
    Merry Passage effectively worked the clinical side. Their conscientious diligence helped overcome the challenges. But sometimes, you need certain experience and knowledge to do things right the first time, and we often came up short, making the work even harder. 
 
    As the lab, under Becky’s steady hand, continued to prepare for GMP production and purification of the enzyme, my stress level only rose. I wanted everything done exactly right, and my perfectionism became unfettered. The staff started figuring out that when I was irritated by some minor failing, they were best off disappearing into the production lab until I cooled off. Since the lab now required full gowning in a Tyvek jump suit, even I could not enter it casually, and it became a haven for staff wanting to avoid my reaction to whatever irked me at the moment. 
 
    I was concerned about how the culture flask was prepared, managed, fed, and sampled. It was a fragile, living thing and needed extreme care. The lab needed to be spotless. Anyone touching the production had to take that responsibility seriously. Everything they did, even the most trivial and basic tasks, were critical and needed to be done right to make sure the production was as good as it could be. 
 
    With all of this intensity, Becky’s management of the group functioned as a counterbalance. She arranged lunches and events outside the lab to keep the team happy and united. I grew to appreciate Becky’s role in stabilizing the lab under the duress of my obsession, even though much of her moderation happened when I was not in the room. 
 
    As we transformed the operation to meet GMP standards, we cleared out all chemicals and reagents from the lab, every single bottle or container of any kind. Step by step, we brought quality-controlled 
 
    materials into the clean lab and set up tested and released equipment into the production space. All the documents or batch records were prepared to chart the production process, and we continued to work on finalizing protocols for everything we did in making liquids as well as running 
 
    and testing production. The chromatography columns were packed that help us to purify our protein. We finalized the myriad of test protocols we needed to make sure the enzyme we made was pure and safe. We had to make sure the enzyme could bind and be taken up into the cells of patients. The amount of work a small group of fewer than 10 people had to do was extraordinary. 
 
    Meanwhile, we had all the patients lined up. Justin, the first one, had been consented and screened. All we had to do was complete the testing of Batch 23. 
 
    The production lab staff was exhausted at this point. Becky came to tell me that, if we did the first infusion in December, we would not be able to let them have time off during the Christmas break. She thought it would be saner to push the first infusion into early 1998. It was hard for everyone to keep pace, having worked 12 to 16 hours a day, seven days per week, for almost the whole year. 
 
    The problem for me was that everyone else—the patients, their families, BioMarin—expected the infusion in December. I especially worried about the effect any slowdown might have on the funding from BioMarin. 
 
    I looked at Becky. I thought about the steps it would take to change the timeline. “To be very clear,” I said, “you want me to call Justin’s family and tell them we could not do the infusion in December, because the lab did not want to work during the Christmas holiday, so their son would have to wait a couple more months for his lifetime opportunity to be treated?” The air between us was thick with tension. Then Becky sighed. “Never mind,” she said. “We will just do it.” 
 
    That December, Justin and his family arrived in town for his first infusion. He looked ill, burdened with his disease. I sincerely hoped we could do something for him before he had a fatal event. When they 
 
    arrived, the family let me know that they had tickets for a taping of “The Tonight Show” with Jay Leno, and they wanted to take me with them. 
 
    Justin loved Jay Leno and recorded his monologues each night. Jay, being a gracious host, gave them special seats. So that week, we headed to the NBC studios. 
 
    Justin was excited but, as usual, had a lot of phlegm and difficulties with his trach tube. Yet nothing would stop him from meeting Jay. 
 
    Before the taping, Jay came out to meet Justin and was kind and gracious. The family then told Jay, “Here is the doctor who has developed a treatment for Justin.” Jay smiled at me and put his hand out. I was a bit star-struck but finally babbled something and shook his hand. The McComiskeys were happy they had given me this gift, just as we all hoped the enzyme therapy would be a gift for Justin. 
 
    While Justin went through the intense clinical testing protocol that the patients eventually dubbed “Hell Week,” the rest of our team was focused on finishing the production. 
 
    Finally, the day of the first infusion was in view, and I realized that the event was too big not to celebrate it. Mark Dant had his friend 
 
    James Jeter fly into town with his cameraman to film the whole episode. I called Liz Neufeld to ask her to join us. John Klock and Chris Starr from BioMarin were going to attend. I asked all the lab people to come, wearing their white coats. 
 
    We were doing the infusion in the pediatric intensive care unit for safety reasons. That Friday afternoon, December 19, 1997, I set out alone from our bungalow on the 10-minute walk across campus to the hospital, thinking about the moment ahead and what to say. I carried the vials of enzyme in my coat pocket, having checked them out from our controlled pharmaceutical refrigerator. 
 
    We gathered on the sixth floor. Janie Olson, one of my favorite ICU nurses, had the patient set up with IVs in Bed 1. She was always taking care of business and doing it well, so it was great she was there. Barbara Lyons had all the emergency medication doses written out, individual drugs drawn up into syringes and prepared and stationed at the bedside to minimize the time to administer them if something happened. I did not think we would need them, but it was better to have them ready and then waste them rather than be unprepared. 
 
    I had removed the vials from my coat pocket and placed them on the bedside stand where the IV bag was. As the crowd gathered and chatted, I used a 20-gauge needle and syringe to slowly withdraw the clear enzyme solution from each vial, trying not to waste a drop. Then I injected the syringe into the port in the saline bag. Vial by vial, I 
 
    added the solution to the IV bag in the prescribed sequence, rocking the enzyme gently. The process was recorded on video from every angle. 
 
    It was time for the premedication. As our protocol prescribed, we gave Justin a dose of diphenhydramine IV, an antihistamine to help prevent or lessen the severity of any allergic reactions. As Janie slow- pushed the drug into the running IV, Janie and I looked at his monitor and noted that his usually low blood pressure was suddenly dropping even further. Was it real or just some monitor problem? We checked the cuff. It was fine, and we reran the blood pressure measurement. 
 
    I asked Justin how he felt and he said he was dizzy. Our eyes went wide, seeing that he was having a real problem in response to what we thought was a nonsignificant antihistamine drug. His blood pressure, always on the low side, 80 to 90 over 60, had sunk even lower, falling to 70 over 40. I immediately dropped the head of his bed and squeezed his IV bag to push a normal saline bolus into him manually at a maximum rate. Janie and I did this quietly and quickly as the crowd stood looking around, not knowing what was going on. 
 
    Justin’s blood pressure came right back up and he said he was fine. 
 
    He appeared to stabilize, but we were shaken by his sensitivity to the IV antihistamine. Clearly, he did not need that much diphenhydramine. We learned then that maybe MPS patients are very sensitive to the drug. No one had ever noted that before. 
 
    Only Janie and I knew what had just transpired, as the crowd of lab people, executives and others just murmured and chatted. In that critical moment, the project had just delivered another potential heart attack, as if the past week and past year had not been stressful enough. My hair began turning gray right in that moment. 
 
    When we were comfortable that Justin was stable and fine, I asked for everyone’s attention. The video camera started to roll. With Liz Neufeld there, I wanted to mark the moment in the history of the research, as 
 
    well as the Ryan Foundation’s efforts and BioMarin’s contributions. I had nothing outlined or written down, so I just started talking. 
 
    “It took Dr. Neufeld and many, many fellows numerous years to go through the enzymology, the cell biology of this disease, the cloning of the enzyme in 1991, and finally producing enough recombinant enzyme to be able to administer it today to Justin. We have had other help, because 
 
    it wouldn’t have happened without Mark Dant and the Ryan Foundation. When there was nothing, when we had not enough funds to do much of anything, the Ryan Foundation came in. They gave us that money that helped us get going and without it, we wouldn’t be here. So we appreciate Mark Dant, Jeanne Dant and all of the Ryan Foundation supporters. On top of that—and really the final step that was required—is that we had 
 
    a small company, BioMarin Pharmaceutical, look at this project and see the value in it. It is a small market product without many patients, but the disease is severe, and we are very happy to have them come in and support us and make this really happen today.” 
 
    “So Liz,” I concluded, “you corrected those cells 30 years ago. I think it’s fitting for you to correct them now.” 
 
    Liz, in her usual self-deprecating shy way, said, “oh, wow, okay,” and walked cautiously over to the IV pump. Janie pointed out what button to press. Lynnda, Justin’s mother, said, “Ready, Jus?” Excitement built in the group of white coats circling the bed. Then Liz pushed the button and the IV started. Janie confirmed it was going, and the drip, drip, drip of the fluid in the chamber pushed forward into Justin’s vein. It was happening. We had made it to the infusion. Just nine months after starting with BioMarin, but fully 6½ years after starting the program in the C3 bungalow. 
 
    We clapped and congratulated each other. Lynnda called her family to tell them that a whole new world was starting for them. The company had its study, Liz had 30 years of work coming to a therapy, our team had achieved the goal they had worked towards harder than they had ever worked before, and Mark Dant could visualize his son’s treatment as real and on the horizon. Liz stood near Justin’s bed, the rest of us—the entire production team, the clinical study team, the lab team, and my secretary—assembled around them, and a photographer snapped our picture. This iconic photo captured the moment of a change in medical history. 
 
      
 
  
 
  
   
      
 
    Chapter 17: “Hell Week” and Happiness • 1998 
 
      
 
    As memorable as Justin’s infusion was, and as pivotal as that historic first day was for the program, the quieter first infusions of each of the next families, which occurred one after another each month as the 
 
    study progressed, proved even more powerful and satisfying to me as a physician and a scientist. In those infusions, we didn’t need to contend with the glare of cameras, an entourage of people, or the need to think of something momentous to say about the larger implications weighing 
 
    on us. Instead, the families and I could feel the power of the moment at a personal, emotional level. As each of the other nine families started their first infusion, we forged deep connections. We entered a new moment, one in which the future suddenly became less clear. Their children’s devastating decline and death, once assured, were now uncertain. The chance existed for another, more hopeful future. Being able to give that hope to families who had suffered for years under the weight of an MPS diagnosis was the most gratifying moment I had ever experienced as a physician-researcher. 
 
    Barbara, Merry, and I started each family down this new path by meeting with them at the start of their screening visit. We cautioned them on the limits of this therapy. The disease would not be cured. 
 
    Something might go wrong at any time. Yet merely opening a door down a new path that was upward, not downward, and involved active participation instead of resigned acceptance, was transformative for families. 
 
    We savored that moment. For a doctor, feeling the sincere warmth and appreciation from the extended families, including the brothers, sisters and, often, grandparents, was personally satisfying. I couldn’t help but share in their optimism and I had confidence that something positive would happen. As a scientist, however, I was grounded in reality, which meant recognizing the enormity of the challenge. I expected there would be trouble, and I prepared for it. 
 
    Barbara, as study coordinator, was setting up each family’s schedule and testing program. She brought a positive and friendly spirit to this task and kept everyone happy. Once I hired her, she took clinical study coordinator training at UC San Diego and it paid off. She learned how to make sure her paperwork met the standards that the study monitor wanted, so that things on the back end ran smoothly. Although I know the paperwork is important, I wanted her to make sure the patients received excellent care, and Barbara saw to that. Barb’s daughter Ellen, a senior in high school, volunteered in the lab, playing board games with the patients. Merry Passage had a warm professional manner with the patients while she put them through the paces of giving samples of 
 
    everything like blood, urine, and buccal brushings (from the inside of the cheek). We coordinated with the Ryan Foundation to make the program as comfortable as possible for each family, all of whom were traveling to a strange city and embarking into the unknown. The foundation arranged to fly entire families into town, and I often picked them up at the airport, both for their screening visit and later, for their stay for their first six infusions. 
 
    Many families were impressed and touched that I made this effort, given how much they imagined I had going on. In fact, I enjoyed it, and it helped build a closer relationship, which served us well as we set out on this experimental adventure. 
 
    BioMarin’s grant paid for rooms at the Summerfield Suites nearby in Torrance. The Ryan Foundation funded or organized donations of airfare, a rental car waiting at their hotel, and computers with internet access in their rooms—not a common amenity in 1998. The Ryan Foundation also helped to set up TVs with a video game system in the infusion rooms. 
 
    We provided cell phones and beepers to the families when they were in town, so we could reach them in a hurry if needed. The patients got as much support as anyone in any study I have ever observed. Having the Ryan Foundation’s help made it easy to be generous and supportive. 
 
    Jenny and I also planned for one barbecue dinner at my home for each family when they got to town, as well as one “special event” based on each patient’s request. I wanted to make the trip out to Los Angeles as enjoyable as possible, knowing we would poke and prod our patients for a solid week and then inject them with intravenous infusions for the next six weeks. They deserved a little fun. 
 
    I chose to have the patients remain in Los Angeles for six weeks for close observation to assure we would be able to manage the situation, if a patient’s body rejected the enzyme and experienced an allergic reaction. That way, we would not send patients home until they were stable on enzyme infusions. If a reaction occurred, I expected it to be within the first month, based on our research. Six weeks left a little extra room to verify that everything was okay. Some experienced MPS doctors had predicted we would see horrible allergic reactions. We wanted to be cautious in case that was true. 
 
    When patient number 2, Heather, flew in from Alabama for her screening visit a month before starting the therapy, I met her and her father, mother and brother at the airport. It was easy to spot them, pausing over and over again, as 12-year-old Heather huffed and struggled, walking on her toes with fixed unbending knees. The stiff, shuffling gait was exhausting and she had to stop repeatedly to catch her breath. She smiled when she saw me and I could tell she was determined to walk, despite her difficulties. 
 
    Her mother, Melissa, had bright red hair and was dressed up, talkative and excited to be there. Her father was kind but more reserved, letting his wife do most of the talking. Her brother was just a young pre-school 
 
    kid who had taken his first long airplane flight and was bouncing about, ready for action. 
 
    I could see immediately that Heather was pretty sick, just from how much trouble she was having. But she also looked more like the type of patient who might benefit from therapy: stiff, but still walking, short of breath, but not yet in heart failure, and old enough to have significant disease, but not at death’s door. 
 
    The screening visit was just a few days long. Barbara, Merry, and I would first meet with the family in our genetics division library, a dark and dusty old room in our bungalow E4. Barbara and I would explain the patient consent form and the study and tell them what to expect—both what the enzyme might do, what it might not do, and what kind of safety problems could arise. 
 
    Heather and her family were all in, ready to press ahead with no hesitations. Heather’s life and health had been in accelerating decline. Being a 12-year-old girl, her mind was filled with many of the things normal teenage girls think about—her appearance, her social world—but her body was failing her. 
 
    After they provided consent, Merry helped to conduct a few basic studies to make sure she was a good candidate and to collect the required screening information. 
 
    We planned Heather’s first infusion for the third week of January. I asked her what she wanted to do for her special trip to Los Angeles. 
 
    She wanted to see movie stars, so we arranged for dinner at the original Spago, celebrity chef Wolfgang Puck’s famed Hollywood restaurant. It seemed a likely place to spot someone famous. 
 
    When Heather and family returned to town for the infusion, we drove up to Hollywood. Spago at that time was located up the hill from Sunset Strip, a large, converted home, with floor-to-ceiling windows overlooking the city. Heather was beaming, finally being at the place she had seen on the post-Oscars shows, where so many stars had dined. We were seated at a large round table close to the entrance, which was a good star-spotting location. The waiter, seeing the very young, very fidgety boy, knew what to do right away, fetching a ball of raw pizza dough from the kitchen. He gave it to Heather’s little brother, who immediately was engrossed and worked the dough into shapes for the entire evening. The waiter had clearly gained experience managing the unruly children of movie stars and tourists. Heather and her mother, Melissa, scanned the tables for stars and recognized some people. I had never heard of them, but the sighting added to the thrill Heather felt at dining in this famous Hollywood eatery. 
 
    After that evening, things became serious for Heather. The weeklong set of clinical evaluations and blood and urine tests was daunting. We sought to know everything we could about the disease and the impact treatment might have, so we conducted a lot of tests of every one of her body systems in multiple labs and centers, including a trip to the main UCLA campus for eye evaluations. 
 
    Heather went through all of it without complaint. She knew what it was for, and she was willing to do anything she needed to do. 
 
    When it was all over and Friday arrived, we gathered for the first infusion. Because of the many scary predictions, we did all the first infusions in the pediatric intensive care unit, 6EICU, a place where ear, nose and throat experts were on call for specialized bronchoscopic intubations if breathing troubles happened, as MPS kids have really small airways that can be dangerous to manage in an emergency. We also had emergency medications close at hand. 
 
    Heather and her family were quiet and hopeful, with a deep sense of excitement about the possibility for the future. Barbara drew up the 
 
    enzyme from the vials and prepared the infusion bag at the bedside. She gently rocked the bag of normal saline to mix in the enzyme solution. 
 
    The bag was hung on an IV pole and connected. Any air was flushed out. 
 
    Before we started the infusion, I drew a baseline blood specimen, so we could compare how much enzyme was in her blood before the infusion to how much there was while the infusion went on. For each 
 
    patient’s first infusion, we sampled the blood frequently to make sure we knew how fast the enzyme was disappearing from the blood. 
 
    The body is always clearing itself of anything that comes in from outside, and our enzyme was no exception. We knew the enzyme would circulate in Heather’s body, and then it would be cleared from the bloodstream, get stuck to the surfaces of cells in her tissues and organs, and eventually get taken up in those tissues to begin working. While the enzyme didn’t work in the blood circulation, we needed to know how long that clearance process took and that the enzyme was being delivered to her cells and tissues as we hoped. Once in her cells, 
 
    we expected it to last many days based on our experiments in the lab. But we didn’t know if the enzyme would stay in her cells long enough to correct her health problems. 
 
    With the IV lines in place and the blood drawn, everyone was ready. Merry, who was always professional and reserved in demeanor at these events, was in fact very moved by these first infusions. She became close to the families, sitting in the room with them hours after hours, drawing specimens to look at the blood levels. 
 
    “Would you like to start her first infusion?” I asked Heather’s mother, Melissa. 
 
    “Sure, we’d love to,” she said without hesitation. Janie, the nurse, pointed out which button to press. Melissa pushed the button, and the infusion began. We all teared up and Melissa exclaimed, “It’s going that instant. I gave the parents an empty vial used at that first infusion as a memento. 
 
    Not long after Heather finished her first infusion, it was Ryan’s turn. It was February 1998. Everyone in Ryan’s circle in Dallas was buzzing. 
 
    How many benefactors, raising money to treat a child suffering from a rare disease, have a chance to see that goal achieved within a few 
 
    years? Fundraisers for research can feel like black holes for money. The Ryan Foundation’s supporters saw their dreams become manifest over a relatively short five-year time frame. 
 
    Before they even left, Jeanne said, “some of the people representing the church and the school came to the house. A group from the church was praying for Ryan. They were very concerned. I communicated to them, it was going to be okay. I wasn’t worried.” 
 
    Jeanne had been worried for years, from the moment of Ryan’s diagnosis. But once she learned about our project, she had complete faith it would work. I hoped we proved worthy of her confidence. 
 
    A whole crowd gathered at the airport in Dallas to cheer Ryan on. They formed a tunnel with their arms, like families do for soccer 
 
    games, and yelled out to him, “Yeah Ryan!” Ryan looked happy, but also uncertain as he walked through the tunnel of friends. He got on the plane with Mark and Jeanne, heading to the next step in his life. 
 
    Mark, Jeanne, and Ryan arrived at Long Beach airport. We hugged and shook hands, marveling how the time had finally arrived. 
 
    Naturally, Ryan’s special event was about sports. Mark had his own connections to make things happen. Kevin Yoxall was the strength and conditioning coach for UCLA’s football team and the long-time friend and best man of one of the Ryan Foundation’s board members. It was basketball season, and fortunately for the Dants, the University of Louisville—the hometown school of Mark and Jeanne Dant—was in town to play UCLA; a matchup of perennial college basketball 
 
    powerhouses. Kevin connected with his colleagues to arrange for Ryan to attend both the Louisville and UCLA Saturday morning practices, at UCLA’s legendary Pauley Pavilion, before the game on Sunday. 
 
    When the Louisville coach, Denny Crum, talked to Ryan and found out what a huge Cardinals fan he was, Denny brought Ryan out on the court, and one of the players lifted him up to dunk a ball. Denny then arranged for Ryan to sit on the Louisville bench during the game the next day. UCLA won the game, so, not to be outdone, Bruins coach Steve Lavin brought Ryan into the locker room afterwards to celebrate. It was a magical experience for the boy. 
 
    But Ryan wasn’t in Los Angeles for fun and games. While Justin and Heather tolerated Hell Week, it was tough on Ryan, who was still two months shy of his 10th birthday. He didn’t like needles at all, and the combination of tests and studies wore on him. Like so many kids with MPS, he was all doctored and hospitaled out, having endured innumerable surgeries and blood tests. Our week felt more intensive than anything he had ever experienced. His parents had to console and support him through all of it. It was hard for him to see the endgame of getting better through a thicket of needle sticks and lying still in MRI tubes resonating with loud noises. 
 
    One moment that stands out in my memory was the lumbar puncture test. I felt I was too close to the family to do this myself, so we brought in an expert from another department. 
 
    For this procedure, the child receives a mild sedative to relax them (which rarely seemed to actually work.), Then they are lain down on their side. With lidocaine numbing the skin, the physician puts a needle in the lower back to collect a sample of cerebrospinal fluid. Once the needle 
 
    is in, but before collecting the specimen, a long tube in two pieces is attached to see how high the fluid will rise, as a measure of the pressure. 
 
    With Ryan, the fluid column rapidly rose up from the needle into the tubing, shooting higher and higher at a fast pace until it almost reached 60 cm, the very end of the tubing. His pressure was an extraordinary 53 cm of CSF. Normal is 10 to 20, and 53 was the highest any of us had ever seen. 
 
    That result made it very clear why Ryan had such bad headaches. 
 
    That level of pressure would cause most of us to black out and collapse. It made us appreciate how far the disease had taken Ryan’s body and how urgent his treatment was for him. 
 
    When the day arrived for Ryan’s first infusion, he was a bit sullen and depressed after Hell Week. Mark and Jeanne, in contrast, were beaming, amazed that the event they had worked toward for years was actually going to happen. James Jeter and his cameraman were present to capture the moment for the Ryan Foundation supporters. 
 
    When the time came, I asked if they wanted to press the button and start the infusion. “Let’s do it together,” Mark said. “We have been 
 
    in this together for so long.” Jeanne, Mark and I put our three fingers together on the small green button and pressed. The infusion began. We clapped and hugged. I took a picture of Mark and Jeanne seated at the bedside with Ryan, and I asked them all to smile. It was easy for Mark and Jeanne, but Ryan didn’t like to smile for photos at that time, as his front teeth had not come in, and he was embarrassed by how he looked. But smile or not, we had made it, and Ryan had started his therapy. It was a good day for all of us. 
 
    Spencer Holland was next, in March of 1998. For his infusion, the parents brought all three children for the six-week stay. I picked the family up at the airport in Long Beach, and we went through the consent and tests as for others. For the Hollands, with three kids with MPS, the trial was even more powerful and pivotal in their lives, if such a thing was possible. Unlike the other kids, Spencer was not really bothered by anything. He just tumbled along through the testing, charming Barbara, Merry, and the nurses. His demeanor represented an ideal way to face tragedy, but how many people can really do that? The Hollands had mastered the art of using faith and family to stay positive. They were an inspiration to all MPS families for their strength and positivity, their 
 
    resilience and persistence. If they could do that with three MPS children, then any family could manage their one child. They also built deep and systematic connections to medical care experts and probably asked more pointed and informed questions than 99 percent of all patients. So the Hollands also taught the way to become advocates. 
 
    The always-entertaining Woody Duffy was number five. At 12 years old, Woody had no shyness and showed off in various ways that he wasn’t intimidated by me, or any medical professional. He had his own version of charm. Because he was so outspoken and precocious, he was quite entertaining. His mother, Beth Tullis, often said she was embarrassed by Woody’s bravado, but she was also supportive of his spirit and fight. 
 
    Whenever I came by, Woody challenged me to a video game, which usually involved hunting each other down across virtual cities. What I didn’t know was that he had already gotten all the cheat codes that made it impossible to kill him. Playing with me allowed him a measure of retaliation for putting him through all the tests. I don’t know how many times I got shot and died. Each death was very satisfying for Woody, but mortally embarrassing for Beth. 
 
    As each subsequent patient arrived in town, we continued with the infusions for the others still undergoing their series. For a while, we had as many as six patients in town getting weekly infusions. Barbara kept it all humming, but we ended up hiring another part-time nurse so she could keep up with the case report forms and other paperwork. 
 
    When Greg Day arrived, he was sicker than we had known. Already 22 years old, he had a very large liver, a huge umbilical hernia, protruding out, terrible asthma-like breathing problems, and he was in heart failure, with an abnormal rhythm. 
 
    On his first day, he got frustrated by the slowness of the county hospital elevators. With typical Montana grit and resolve, he decided to climb the stairs to the clinical unit, five stories up. He arrived totally blue and huffing. I thought he was going to collapse. 
 
    Over time, we learned that his complexion often turned that same deep blue color just from walking around, never mind five flights of stairs. That day, as he cussed out the elevators, I was worried he was going to drop right there before we could even get him into the study. He had an abnormal heart rhythm called atrial fibrillation, in which part of his heart was no longer pumping but just spasming, due to the blood backing up from his failing valves into his lungs. As a result, he had very low oxygen saturation. 
 
    Fortunately, we were in a hospital, so I called for a cardiology consult. Before I had gotten any report from the cardiologist, I overheard her calling the 5EICU to set up a bed for the patient, so she could electroshock his heart back to normal rhythm. I had to intervene to stop any such procedure. While this was a standard intervention, I had to prevent her from accidentally killing Greg. 
 
    You have to be very careful with MPS patients. They respond to common treatments differently than the healthy population. In Greg’s case, his heart was teetering after years of stored sugars, two open-heart surgeries, an infected artificial valve, and a cardiac anatomy that was unrecognizable, due to the surgeries and abnormalities. I have no doubt that shocking him would have killed him. 
 
    Jennifer Nelson, patient number 7, was the least affected, but don’t confuse that with mild. She was still recovering from heart surgery. 
 
    She often sat in her room alone, depressed, her fingers not being able to move well enough to work the keyboard on her computer to give her a connection to the world outside. She couldn’t even bend over to tie her own shoes. These and other physical problems helped remind me how the “mild” cases are not mild. 
 
    Natalia Misiejuk, patient number 8, was a Hurler patient whose parents had traded their native Poland for the potential to get access to a treatment in the U.S. Her parents were the kindest and most gracious people. At five years old, Natalia was the youngest and by far the most severely affected of the patients in the trial. She had a greater chance of her body resisting the enzyme. The advanced state of her disease would 
 
    limit how much it might be able to help her. Her body hurt and her joints were particularly painful, giving her an understandably fussy demeanor. 
 
    We had hopes we could help but we knew we could not fix it all. The family had no illusions but still held out hope. Since she was already 
 
    5 years old, she couldn’t qualify for a bone marrow transplant and so enzyme therapy was her only option. I decided to enroll her to allow us to see how a more severe Hurler patient might do with the therapy, though helping her brain was not likely. 
 
    Christina Leighton was patient number 9, the sweet young girl from San Diego, with her strong, supportive family. Her older sister was always there to support Christina. Christina’s legs and body were a little like Heather’s, with bad knees and joint stiffness impairing walking 
 
    and breathing. She was happy and pleasant, no matter what, her charm making her a favorite with the staff. We all really wanted to help her. 
 
    The 10th and final patient was Bryant Graeber, the 14-year-old boy from North Carolina, who came to Los Angeles with his mother Melissa and his grandfather. His grandfather was a kind Southern gentleman, next to whom our California etiquette always seemed deficient. Bryant too was very proper, always calling me “Doctor” and “Sir.” But like Ryan, he absolutely hated needles, and we routinely went through many discussions about how we might avoid those dreadful pokes. He also had a difficult problem with his back due to MPS bone disease. After two failed spinal fusions, he wore a clamshell-type back brace. It had the appearance of armor, and I often thought how uncomfortable armor was, especially if you cannot take it off. 
 
    For Bryant’s special event, he asked me—privately, without his mother around—to arrange a trip to the beach where Baywatch was filmed. I guess he thought all those “babes” were wandering around there all the time. I was amused and enjoyed the fact he could still be a 14-year-old boy. 
 
    We went to Will Rogers State Beach, close to Malibu. There was a big sign announcing it as the “Baywatch” beach. However, no young women in red suits were there that day. Only on TV. 
 
    These ten patients gave us a good mix, with different ages and genders and varied severity of their illness. We had high hopes for a successful trial, but even so, we were surprised at how quickly they showed improvement. 
 
    By the time of Greg’s arrival as patient number 6 in late March 1998, the first few patients were already seeing great results. After only a few weeks, Justin was able to walk a little, his liver had shrunk to normal size, he produced less phlegm and could breathe more easily, and his severely painful joints had stopped hurting as much. 
 
    Heather was no longer the same girl I had seen struggling through the airport corridor. She could bend her knees. She could walk without getting so winded. Her liver and spleen felt smaller to the touch, much 
 
    closer to a normal size. Her problems breathing at night, with low oxygen episodes, resolved as her airway improved. Her energy level rose. 
 
    Ryan’s joints were moving better, and by six weeks, his severe headaches had started easing up. Most surprising was the change to his all-gum smile. His secondary teeth had not erupted when his primaries had fallen out years before. Now they all emerged through the gums, all at once, within just eight weeks. The enzyme had helped his teeth break through. He had a real smile. 
 
    One story about Ryan revealed just how much of an impact the infusions were having, and how quickly. Mark was staying with Ryan throughout the infusion period, whereas Jeanne, who worked for American Airlines, flew back and forth. At the Summerfield Suites, Mark had a two-room suite, while Ryan had to stay at the hospital, bored to tears. “He was going batty, and the weather was so good,” Mark said. He hatched a plan to take Ryan on what they called “sneaks.” Mark would park his rental car in front of the county hospital, wrap Ryan in his oversized Rangers’ jacket, which covered his arm with its PICC line and bandages, and they’d walk out of the hospital. People were too busy to notice. “We would drive around looking for a baseball game to watch, or we went to the beach,” Mark said. 
 
    On one of the first sneaks, after the second infusion, Ryan came back to Mark’s suite and wanted to take a bath. Mark started running the water and left the room. He soon heard Ryan yelling, and ran in. “I 
 
    thought maybe he had fallen.” He found Ryan standing sideways in front of the mirror, a towel wrapped around his waist, exclaiming, “Look how small my tummy is!” 
 
    It was way too early in the study for me to tell anyone that their body was changing, but it wasn’t too early for nine-year-old Ryan to notice the changes himself. His liver and spleen, which had retained so much sugar and grown to more than twice their normal size, had already started shrinking. The enzyme was doing its job. “He looked better,” Mark recalls. “His color was better. He started feeling better.” Mark knew it couldn’t be a placebo effect, because the change continued, week by week. 
 
    It was the same story for the other patients. In most cases, the patients’ big livers were shrinking to normal size by six weeks, or just six infusions. It was as if the disease was melting away. By three or four weeks, the kids just felt better. Many started feeling hungry and eating more, which was encouraging, given how thin their limbs were and how sickly they had felt. 
 
    Each patient showed many of the positive effects we had hoped for, and none of the bad reactions or adverse effects we had feared. We had expected some improvement, but to see so much restoration meant that all the hard work and craziness we endured throughout that exhausting year of 1997 had been for a good purpose. We were on our way. 
 
      
 
  
 
  
   
      
 
    Chapter 18: Crisis During an Infusion • April 1998 
 
      
 
    By the time Spencer Holland was getting his fourth infusion, Barb, Merry and I had done about 30 of them and were getting pretty good at the routine. Barb set up the clinical testing schedule, ensuring there were no logistical mishaps, such as a doctor going on an unexpected vacation. The walls of her closet-sized office in Bungalow E4 were covered with large calendars to coordinate all the arrivals, departures and tests. It was a daunting task, but Barb was always steady. 
 
    Because we conducted the various assessments of the patients all week, the infusions typically happened on Fridays. Merry’s role was to conduct laboratory evaluations, collecting specimens for the analysis of how the treatment was working. She took the blood specimens, spun down the cells, and prepared the plasma for analysis of how much enzyme was in the blood during an infusion. She also brushed the patients buccal mucosa to look for the enzyme in those cells and collected urine for later analysis of the GAG content. 
 
    Since there was a rotating schedule, we had different pairings of patients being in the hospital together during these months. Between the assessments and infusions, the families got to know each other very well. 
 
    On those infusion Fridays, Barb prepared the bed, the drugs, and the emergency medications. She or I mixed the enzyme and hung the bag at the bedside, with the family watching. You might expect a prized, rare enzyme to glow in the dark or have an unusual packaging, but in fact, it looked like water in an ordinary small, silver-capped, plastic vial with 
 
    a nondescript white label. It was hard to imagine that 25 milligrams of it was all that a normal body contained and that making such a small amount had been so difficult. 
 
    We had our system all worked out, and things were humming. In the beginning of the study, as Justin, Heather, and then Ryan hit their third, fourth and fifth infusions, I expected to see trouble. By the time Spencer was getting his fourth infusion, with so many weeks having passed without anything going awry, I was starting to relax. I began to believe that the allergic reactions we had seen in the dogs might not happen 
 
    in patients. Perhaps our methods of pre-medication and the two-stage infusion technique developed to manage the reactions in the MPS I dogs were successfully managing the effects in people, preventing reactions in which the body would reject the enzyme as foreign. Or maybe the dog model was a worst-case scenario; perhaps dogs were more likely to have a reaction than humans. Still, we held the kids without food or drink during the infusions, just in case they had an allergic reaction, so they wouldn’t choke on food or vomit. 
 
    After the first few patients proceeded with uneventful infusions, we grew more confident. We stopped drawing up the medications in syringes ahead of time and just had the vials, syringes, and needles present, and the doses pre-calculated for each patient on an emergency response sheet. In late February 1998, we moved the infusions down to the 5E Clinical Study Center (CSC), which was much more comfortable and peaceful than a pediatric ICU packed with very sick patients and lots of beeping equipment. We backed off having an ENT physician on call at all times, only made sure they knew we were doing a treatment. Everything was going so well. The risk for a serious anaphylaxis event now seemed unlikely. 
 
    Spencer came in for his fourth infusion in April of 1998. As usual, his two younger sisters, Maddie and Laynie, were there, along with the parents, Steve and Amy. Spencer’s treatments had become a weekly celebration. The girls—both MPS patients as well, now almost five and seven years old—played games or watched a video. Amy and Steve just glowed for a few hours, as they saw their life transforming after so many years of struggle. In the same room that day, our 22-year-old Montanan Greg Day received another infusion as well, accompanied by his mother Linda. 
 
    A veteran patient at the tender age of eight, Spencer was unfazed and unbothered by all of the fuss that came with weekly enzyme replacement therapy. We had thought at one time that he didn’t really know what was going on, but he surprised us one day by saying he was doing the study for his younger sisters. He was enduring all the tests, so they wouldn’t have to do them. The IVs really did hurt. But he understood the purpose, and his calm and tolerant attitude was part of being a mature and focused boy. 
 
    On that day, Barbara had set up everything in the room, including the monitors and other equipment. After we hooked Spencer up and hung the enzyme carefully in its bag, we started the infusion at the slow rate, providing 5 percent of the total dose in the first hour, with the other 95 percent to be given in the subsequent two hours for a total three-hour infusion, per protocol. I hung around doing some paperwork while the first hour ticked off. As usual, no problem. 
 
    Barbara increased the infusion rate so that the rest of the enzyme would flow into Spencer over the next two hours. I was still in the room when Spencer started to cough and his ears turned red. He was moaning and said his stomach hurt. We asked about what he ate and drank before he came in, and we looked at his skin, but did not see anything. 
 
    His stomach pain worsened. We stopped the infusion and started monitoring oxygen saturations and blood pressure. Red patches and bumps (hives) began to appear, and his skin became itchy. It was clear now that this was an allergic reaction. I asked Barbara to start a dose of intravenous Benadryl while I started a normal saline infusion in anticipation of problems with blood pressure. 
 
    Now Spencer’s stomach pain became really bad. He was doubling over with cramps and was screaming and moaning. His blood pressure and oxygen level were normal, but I knew they could drop during a reaction. His stomach pain continued unabated even after we stopped the infusion. His saturations—the numbers revealing the amount of oxygen in his blood—then dropped into the low 90 percent range, which is not at all dangerous, but which did indicate that something more serious was going on. 
 
    We started him on oxygen by mask. Given how relaxed Spencer had been with every other painful thing he had to go through, we were shocked to see him moaning and crying out in pain from the cramping. 
 
    The family was upset. Steve and Amy sat by his bedside, clearly worried, while the girls stared at us. There was nothing the family could do. 
 
    I asked Barbara to administer some intravenous steroid to help suppress the reaction, but nothing seemed to work. Although Spencer’s cries and groans kept the entire room on edge, I actually believed 
 
    that this part of the reaction was not dangerous, because his blood pressure and oxygenation were still normal. I told the family that his cardiovascular stability was fine, but that I wanted to make him 
 
    comfortable. To myself, I worried that things could get a lot worse very quickly. 
 
    I deduced that he was probably having spontaneous smooth muscle contraction or cramps from complement activation, which we had seen happen in the dogs. Unfortunately, despite excessive preparation, I 
 
    had never considered treatment for this particular muscle symptom. Complement is a system in your body that helps fight infections. When you have an infection, antibodies activate the complement proteins 
 
    in the body. These proteins will punch a hole in the cell wall of the organisms, such as bacteria, helping to destroy them. Because there was no organism, the activated complement was instead turning on Spencer’s body. The holes—now being formed in the membranes of his own tissues by activated complement—must be affecting calcium release and causing spontaneous, severe muscle contractions. 
 
    I thought a muscle relaxant would help and called for Valium. The unit did not carry Valium but did have a similar drug called Versed. Versed would also reduce Spencer’s anxiety and help him relax. We pushed a dose of Versed into Spencer, but nothing happened. He continued moaning and groaning, with spikes of pain. It is really hard to think when a child is crying out in pain. I thought about giving him a narcotic like Demerol, but many strong pain medications can drop a patient’s blood pressure during an allergic reaction and that could be dangerous. 
 
    I decided to dash upstairs to the 6EICU to see if they had Valium. I ran down the hall and up the stairs, hanging on the rail at the sharp turns. Believe it or not, that’s something that’s informally taught during residency, where we practiced running to codes in pediatrics, the pediatric emergency room, and to labor and delivery for emergency C-sections, since the elevators are far too slow to get there. I burst through the stairwell door and ran down the hallway. Bouncing into the ICU made a commotion, and the nurses turned to look. Janie Olson was there, and I told her I needed some Valium stat. She popped open the narcotics cabinet, handed me a vial, and told me to come back to sign for it when I finished. 
 
    I dashed back down, swung around the stairwell banisters and burst back into Spencer’s room. My heart was pounding, just like it had during residency training. Out of breath and head throbbing, I calculated a dose, pulled it up and handed it to Barbara. She pushed in the dose of Valium intravenously, and we watched. Within a couple of minutes, Spencer’s pain just vanished. Suddenly he was fine. 
 
    I am not sure if the Valium actually helped, or whether it was just a matter of enough time having passed, but Spencer was now completely relaxed and appeared undaunted by the crisis that had just swirled around him. I was still catching my breath, trying to process everything that had just happened. The room quieted down. Then Spencer said he was hungry and asked if he could eat. I could not believe he was already thinking about eating, mere minutes after having severe abdominal cramps. It was a tremendous relief to see him return to normal so quickly, but I told him no, not yet. I did not want to risk any further incidents. 
 
    With the situation under control, I turned toward Steve and Amy to give them a matter-of-fact update on what just happened and what we were going to do next. When I caught their eyes, though, I knew I had a much more profound task before me. 
 
    The sadness and gravity in their eyes told me what they were thinking: They believed that all their children were now going to die, because their allergic reactions would prevent them from getting treated. They had three small children with MPS I, and they just saw their worst fears materialize. After getting their hopes raised with Spencer’s initial infusions, they had witnessed their son’s body rejecting the enzyme, which could mean each of their kids would reject the enzyme, and it could not save them. They did not say a word, but I could see the depth of their sadness and exasperation. 
 
    Working in pediatrics, I had seen that look before: the expression of parents faced with the death of their children. For doctors, there isn’t a more heart-rending, throat-tightening emotion. The worst was my first time, when I was an intern. We had a girl about nine or 10 years old with an arachnoid cyst in her brain that obstructed her cerebrospinal fluid. She needed a shunt replacement. We were preparing her for surgery the next morning, and I was sitting there, getting a history from her grandmother, when the girl’s brain herniated, and she died right there, in the unit. The wailing screams of “oh no! oh no!” from that grandmother were horrific. The whole ward started crying, even parents of other children. 
 
    With MPS patients, death rarely was that unexpected. Most of the families came to grips with their child’s ultimate fate at some other time, either early in the process, when their child was first diagnosed and they learned about this awful disease, or later, at the end. By the time I saw the patients, the families had adapted to their situation, suppressed their death ideation, and were in fight mode. Yet Spencer’s painful episode and the seeming failure it represented snapped the Hollands synchronously into death mode. It must have felt like the moment when they first realized that all three of their children, against all odds, had MPS I. 
 
    Of course, I couldn’t be certain that that’s what they were thinking. 
 
    And I didn’t dare ask, because of the risk of triggering the thought when they might not be having it. The only way I knew to deal with the situation was to sit down and start right in, with no hint of resignation. 
 
    “Spencer probably had a type of allergic reaction that we have seen before in the dog model,” I said, as calmly as I could. I went on to describe in detail how complement had likely caused the cramping pain, and the nature of the immune response. I tried to be matter-of-fact and operational and not let my own reaction to the incident enhance 
 
    their anxiety. 
 
    “Doesn’t that mean that his body is rejecting the enzyme so he cannot take it anymore?” Amy asked, having done her research, as usual. 
 
    “His body may be rejecting the enzyme, but that does not mean it won’t work,” I said. “The dogs rejected the enzyme, too, but we figured out how to manage the rejection, and the treatment still works. We 
 
    have lots of drugs available and will use them all, if we have to, in order to get this controlled,” I assured them. “We have come way too far and fought for far too long to let any little reaction stop us now.” I don’t think they necessarily believed me at this point, but they appreciated my call to arms. 
 
    Right about here, at the peak of our debate and my effort to bolster the family’s hope for the fight ahead, Spencer called out, “I’m hungry,” with the forlorn puppy voice that usually succeeded in getting someone to scramble for food. That broke the tension. This time, I gave him the green light. He could eat. 
 
    Someone ran out to get him his favorite food, a hamburger. I had to marvel at this kid. We were having a serious dangerous reaction just moments before, and now he was back to normal, hungry, and seemingly oblivious. He was actually quite aware of the situation but had the uncanny ability to block out the negative and get on with it. 
 
    Attending to his hunger issues ended the discussion on allergic reactions, but I knew I had to figure out what was going on in him from a medical standpoint. The following week, I put the pieces together 
 
    to figure out what type of reaction he had experienced. I suspected an antibody-mediated complement activation, but he also could have had another, more dangerous type we call “IgE mediated.” That basically means an allergic reaction based on a specific antibody known as Immunoglobin E, which causes the body to release histamines. 
 
    One common example of IgE at work is peanut allergies, which can sometimes be fatal. 
 
    Spencer’s symptoms fit complement activation, because he had experienced respiratory difficulties, modest blood pressure changes, and severe smooth muscle contractions or cramps. While there had been a mild skin rash, we didn’t see the dramatic blood pressure changes that are typical for histamines and IgE, and his symptoms went away quickly and did not linger. So strong but transient complement activation seemed the more likely cause of his distress, but we still had to rule out the presence of IgE because of the danger it represented. 
 
    Luckily, there’s a simple test—the same skin test that allergists conduct. When allergists scratch your skin with possible allergens, they are looking to see if you swell up at the scratch point. That swelling—a bump or hive on the skin—is due to the release of histamines due to antibodies of the IgE type. To see if IgE was interfering with Spencer’s enzyme treatment, I only had to scratch his skin with some diluted enzyme and see if he developed a welt. The size of the welt indicates the degree of response. If it was bigger than 1 centimeter, then IgE response was possible, which would be a greater cause for concern. 
 
    I scratch-tested Spencer and, as usual, he did not really mind. He did not have any skin reaction, except at the very highest concentration, which was more an irritant response than an allergic reaction. With 
 
    that simple test, I felt reassured that he most likely had a complement activation and not the more sudden and dangerous type. 
 
    Another test we did that week offered one possible explanation: The enzyme was made in part inside Chinese hamster ovary cells and therefore can have trace amounts of hamster protein, along with the 
 
    human enzyme. The test showed that Spencer had some antibodies that reacted to this trace residue of the hamster proteins, as he produced a welt to the protein by itself. But he did not have IgE antibodies to the enzyme itself. I now felt more confident about bringing him back for another infusion the following week. 
 
    Starting a day or two ahead of time, Barbara and I loaded Spencer up with a type of steroid that can help with allergic reactions. Then I gave him antihistamine and ibuprofen to manage other aspects of allergic reactions. After waiting an hour for those medications to begin working, we started the infusion, even more slowly than before. 
 
    In the previous instance, the trouble arose after the one-hour point, when we stepped up the infusion rate. Spencer’s reaction had kicked in within 15 minutes. This time, we stretched out his infusion to five hours, nearly double the usual three hours. 
 
    We all were on edge. We kept Valium at the bedside. It was for him, of course, but given the tension everyone was feeling, we might have benefited from it as well. After one hour, Barbara stepped up the infusion rate. We asked Spencer over and over how he was doing. His answer was always the same: “Fine.” We stepped up the rate a little further and then were set for the next four hours at about half the rate we had tried the week before. 
 
    We kept checking the pulse oximeter to see if his oxygen levels were falling. His blood pressure cuff cycled every 10 minutes, until it bothered him. As usual, Spencer asked for something to eat. As usual, we told 
 
    him that he had to wait. Time dragged on. The infusion felt even longer than it was. A sense of intensity permeated the room. We hoped we were waiting for nothing. 
 
    And then it was over. The infusion was done. Nothing had happened. The relief was palpable. We felt we had beat the problem, at least this one time. The possibility of managing these reactions was real. But I couldn’t get too complacent or self-satisfied. There was always next week. 
 
      
 
  
 
  
   
      
 
    Chapter 19: Finding My Purpose 
 
      
 
    As the infusions continued, we were gaining momentum. Patients were getting better, and they all knew it. Barbara and I knew it. Merry could measure it. For a researcher, it was a dream realized: We were treating the disease. The world was a wonderful place. 
 
    By June of 1998, Barbara and I had accumulated enough quantitative data to show that the livers and spleens had shrunk in our kids, with some reaching normal size within just six to 12 weeks. Their urine MPS sugar excretion had fallen dramatically in just three or four weeks. After only six weeks of treatment, we met all of our predefined endpoints for success that we had agreed on with the FDA. The speed and potency 
 
    of the effect was impressive. More than that, the patients showed improvement in ways we did not expect. 
 
    All of the patients had an increase in energy level within a few weeks of starting therapy, as if they had suffered from a flu-like malaise all their life and suddenly it went away. Their stiff joints became more mobile, in significant ways. They now had the ability to scratch their ears, comb their hair, or brush their teeth for the first time. The children had found their inability to perform these simple tasks profoundly demoralizing—no one wants to ask their mother to scratch their ear 
 
    or brush their teeth—and they found it uplifting to be able to do it themselves. A simple but important life change. 
 
    The patients improved in other ways as well. They became unbelievably hungry. They filled out their thin, wasted bodies, more than doubling the rate at which they gained weight. They grew taller too, doubling their height growth, reaching something approaching a normal rate. Patients who had problems breathing during sleep, like Heather and 
 
    Greg, reported fewer episodes in which their breathing would be blocked or fail during the night. Most surprising and reassuring, Greg’s heart rhythm improved, pumping the blood in a more coordinated fashion. His heart had been discombobulated, with the atria not filling his ventricles with blood at the right moment. Once the electrical signaling improved and the chambers got smaller, he could pump his atria first, which filled his ventricles with blood that they could then pump forward to the rest of the body. This one-two punch in the heart is the key to efficient blood flow. 
 
    Another surprise: Patients with poor eyesight reported that their vision improved, giving them greater clarity and showing brighter colors. We don’t really know why that happened, but they found the improvement important. 
 
    Justin had hardly been able to walk before treatment. Now he was walking around again. He was standing taller, and his joints hurt less. 
 
    Heather could run around her gym for the first time in her life, as her breathing improved and her knees actually began to move and flex. She captured it for us on video just to show us it was true. 
 
    Ryan, the instigator of it all, was no longer so upset by the needles, as he was feeling better and saw his stomach getting flat. By 12 weeks, his terrible headaches had nearly stopped. 
 
    Woody was feeling good and bouncing around; he really enjoyed killing me each week in video game competitions during his infusions. 
 
    In addition to Greg’s heart pumping more efficiently, his huge liver shrunk nearly a full liter in size, and his breathing improved significantly. Instead of being a fairly blue color most of the time, he started to turn a healthy shade of pink. As good as Greg seemed to be 
 
    getting, when you asked him how he was doing, he gave the same answer he always used even before treatment: “Fair to middlin‘.”. 
 
    For Jennifer, the “mild” patient who had had open heart surgery just before the study began, improvement happened slowly but steadily, taking more time to become evident. Her fingers were moving much better, and she was now able to use her computer keyboard and even tie her shoes again, both important things for a 17-year-old. More 
 
    importantly, her spirits lifted. Instead of hanging around her room in the dark all day, she was out and about, helping her mother in daycare and beating the rest of her family in walks around the park. 
 
    Natalia, the child with the most severe disease, seemed happier and less fussy, and her family felt she had regained a good feeling for life. (To celebrate the trial’s success, her father, Edward, gave me a bottle of Chopin vodka, which was probably the exact right thing for me at that point.) 
 
    Christina was moving about better and had more energy to swim and ride her bike. It was great to see life taking a turn for the better for both of those families, even if not everything was totally fixed. 
 
    Bryant was an interesting case. He had come to us afraid of needles and conflicted over whether he should participate in the study at all. 
 
    Once Bryant had a few infusions—always dramatic, wearing his back brace and struggling with the needles—he bubbled over one day, talking like a Southern Baptist minister about how good he felt. He praised the Lord over a few minutes of free-flowing preaching in a transformation that was both surprising and hilarious. His mother, grandfather, and I watched with amazement. He couldn’t contain himself, and we all roared with laughter at his antics. He didn’t complain about the needles after that. Not too much, anyway. 
 
    Smaller things also improved. Bryant’s eyes had been extremely sensitive to light; as that decreased, he could go outside without a hat and sit in the front seat of his mother’s car. All patients’ hair became shiny and less wiry and coarse. Their faces became thinner in the cheeks, 
 
    as the storage of sugars in the tissues declined. How one looks is not the most important health issue, but when the trend to coarsening and thickening is reversed, families find it incredibly comforting. 
 
    One story from a Ryan Foundation fundraiser that May shows how much the enzyme helped return some kids to something resembling normal impishness. 
 
    The 1998 golf tournament was the largest yet, with nearly 1,100 people attending a black-tie gala at the Westin Galleria in Dallas on Saturday night, and 488 golfers spread over two courses at the Glen Eagles Golf Club in nearby Plano. While Mark, Jeanne and the other organizers were exhausted, “Ryan on the other hand, wanted only to expend his newfound energy, which made it near impossible to watch him while setting up for our massive auction/gala,” Mark said. So Ryan hung out with his cousin Aaron from Sacramento, who was 15 at the time. The boys promised to “watch each other” and absolutely not go out into the massive mall, which was accessed near the second-floor hotel check-in. 
 
    By 4:30 pm, with the big event about to start, nobody could find Ryan and Aaron. After a frantic 30-minute search, panic set in. Someone said they thought they saw them walking toward the mall entrance around 
 
    2.pm—a needle-in-a-haystack assignment if true, as the Galleria is a humongous three-story mall that stretches on for an eternity. 
 
    After another half hour, the searchers realized “for some reason, we never thoroughly checked our room,” Mark said. “I say thoroughly, because the Westin, aware of what we were all trying to accomplish, had given Jeanne, Ryan and me their Presidential Suite,” which took up the entire top floor of the hotel. They had checked earlier, but the 
 
    massive suite featured a living room, dining room, kitchen, and multiple bedrooms and bathrooms with gigantic tubs. 
 
    Jeanne and Mark and Aaron’s parents—Mark’s sister Barbara and her husband Victor—went back to the suite and checked room by room. Around one corner, they heard giggling. “Aaron and Ryan had put on their swimsuits and had been swimming in the huge tub located in the Master Suite the entire time,” Mark said. “Other than looking like a couple of wrinkled raisins from soaking for three hours, they were fine.... and we were now late.” 
 
    As Ryan tells the story, “My dad came storming in and yelled at us. My cousin yelled back at him—‘We were doing what we were supposed to be doing!’” 
 
    To this day, Ryan and Aaron won’t let Mark live down the time he got so angry at them for doing nothing wrong. 
 
    That sort of progress—kids able to be kids again—lifted everybody’s spirits. The people in production—including Becky, Andy, Lesley, Peter, Betty Jean, Harold, and Chad—enjoyed the patients stopping by our 
 
    E4 bungalow, hanging out and talking about how things were going. Greg was a regular visitor, since he could not get transferred home for infusions. For Becky and the lab team, being able to see firsthand the success of their work more than made up for the frantic and stressful year preparing for the trial. 
 
    Greg became a virtual member of the team. Because he was older, 
 
    he had a car, and often picked up and dropped off families at the airport. He became close to everyone. At one point his brother Scott, who was 19 months older, came to visit and I took them to the Claim Jumper for dinner. I had assumed two brothers with MPS had a soft spot for each other, but I soon learned they had a typical sibling rivalry. They talked trash—part jest, part serious—all evening. It was as if I wasn’t even there. I learned that Greg was competitive about sports, particularly fishing, and I filed that information away. 
 
    Some months later, I asked Greg if he would like to go out deep sea fishing with me. I thought this could be his special trip that he never got when he first started. We took an afternoon party boat from Long Beach Sportfishing and went out to the Horseshoe Kelp area, where the fish tended to gather in the summer. Greg used my equipment and was 
 
    immediately comfortable with the live anchovy bait. We both entered in the “jackpot,” a contest on the boat under which everyone chips in $10, and the person with the largest fish gets 80 percent of the pot, with the rest going to the crew. With 30 anglers on the 70-foot boat that day, the jackpot was $300. 
 
    Greg was catching decent-sized bass. After a couple of hours, I was next to him when he hooked a much larger bass. The large ones don’t move around as much but are hard to lift. Step by step, with his rod doubled over and the fish running every so often, he finally got it up to the surface. It was a monster, about 7 pounds, the biggest I had seen that day. He was feeling pretty good about his jackpot aspirations. 
 
    Later that afternoon we tried “fly lining,” sending a line with larger live bait out the back of the boat, hoping to catch a bigger fish like a yellowtail. I hooked up a nice sized yellowtail and landed it near the bow. The crew put it in my burlap sack, but most people had not seen it— certainly not Greg. At the end of the day, the anglers started bragging about their catch, but talk was cheap. The scale would decide. 
 
    The crew would weigh two at a time, with hooks side-by-side at the scales. The winner would move on to the next round. When Greg stepped up with his bass, he beamed with great pride as he trounced the prior winner. Then bass after bass fell to Greg’s big fish. After all the bass and other large fish had been weighed, Greg was thinking he might win. But then I brought out my much larger “secret” yellowtail for weighing. Greg’s exasperation was clear as my yellowtail pulled the hook straight down and his lighter bass shot straight into the air. It 
 
    was not even close. “When did you get that thing?” Greg asked. He was annoyed at me for having taken his winning fish out of contention after “letting him win” for a bit. 
 
    And then, remembering his debate with his brother, I sought to “console” him. I started with faux compassion. “You know Greg, your bass was a really huge bass,” I said. “I have been out fishing here for many years and your bass would have won the jackpot on almost any trip I have been on… BUT NOT TODAY!” 
 
    Greg was shocked that the good doctor would be trash-talking with him about fishing. He was stewing mad. But he quickly got into the new rules. He realized that me taking the yellowtail out late for weighing after he thought he won was part of the game. After I received the winnings, Greg naturally contended that I had to pay for the whole trip and for dinner that night as well. Considering how much fun I had at his expense, I happily agreed to that. 
 
    That sort of fun permeated the atmosphere. The good news in the clinic proved good for business as well. In June 1998, BioMarin put out a press release with the preliminary results and subsequently raised 
 
    money at a sixfold higher stock price. That, in turn, meant the company had substantially more funds to support the work, easing any concerns about not having enough to finish. The press release caught Genzyme Corporation by surprise. Who was this upstart company invading their space in lysosomal diseases? They only faintly remembered our meeting in 1993. 
 
    By September of 1998, Genzyme had made a deal with BioMarin to buy into half the product, in a 50-50 worldwide joint venture. Grant Denison, BioMarin’s CEO, had not told me or anyone else on my team that this was happening, so it came as a shock. 
 
    Had Genzyme backed our work initially, it would have gotten the therapy for virtually nothing, as all I wanted was to develop the 
 
    treatment. The patients would have been treated years earlier. Instead, Genzyme paid $30 million to buy half the worldwide rights for the product. But I couldn’t really complain: They brought in more money for BioMarin and reduced our cash needs, since Genzyme was now footing half the bill for everything. From a financial perspective, BioMarin was now on solid ground. Genzyme’s funding and extensive experience 
 
    gave the program more stability and helped assure we would reach more patients in the end. 
 
    Earlier, in July, BioMarin had made me a job offer that I genuinely struggled with but, in the end, could not refuse. John Klock, the president of BioMarin, saw a real future in these treatments and was impressed with how much we had achieved in so little time. He offered to provide millions of dollars to develop as many treatments as I could find. I would not have to write any grants, nor strain to find staff or other support. After five years in academia, with all of the concomitant struggles to get funding, the rapid success of the past 18 months made me realize how important money was to actually accomplish results that would help people. I had become thoroughly addicted to translating science into medicine for patients, and especially to being in the room, treating patients for the first time. I realized this was the thing I needed to do in my career, a long series of first infusions, over and over again. 
 
    Still, I had a difficult time making the decision. It would mean moving from my lifelong career objective of being an academic professor, clinician and researcher, to what my colleagues and I had once considered the “dark side.” How moral or ethical could financially-driven companies be? We in academia thought we had the lock on the high ground, although now I know that is not true at all. 
 
    At the same time as industry was calling me, academia was sending me signals that perhaps I should make the move. The year before, I had received my fourth-year review as an assistant professor in pediatrics, which rated my probability of getting tenure as uncertain. This was because I had not published enough papers in science journals, even though the few I had written were the only ones in the field and were successful. 
 
    It was rather shocking to think that, after an incredible year of work, in which my enzyme research project actually treated patients and brought in more than $1 million in grant funding, my prospects for tenure were weak. I had thought with the BioMarin grant, a subcontract NIH grant I had just gotten, and the work heading to the clinic, getting tenure would be a slam dunk. What more could they want from an assistant professor doing clinical work and research at the same time? 
 
    University leadership had a more traditional and narrow vision for the optimal researcher: someone who generates fame by publishing in high-impact journals and generates multiple grants, with associated overhead dollars for the University. The concept of “translation”—of taking a project from the laboratory bench to a patient’s bedside—did not get much respect from academia in 1997. Industry was considered scientifically second-rate and morally conflicted. 
 
    This attitude has since changed, as companies developed treatments for more and more diseases—rare and otherwise. Academia has not only had to acknowledge the quality of the science coming out of biotech companies, but has also participated in the financial rewards, largely through licensing its own innovations. 
 
    Companies like BioMarin, on the other hand, were only interested in the translation of research into medicine. Publication was secondary. The goal was to get safe and effective treatments to patients as fast as possible. If a company failed to do this, it was out of business. In many ways, this goal was better aligned with patients, who also wanted a safe and effective treatment as soon as possible. 
 
    In academia, if I discovered basic mechanisms and identified underlying genes, and the results got published in top journals, I would 
 
    get tenure. I might get elected to the National Academy of Sciences, and I would be considered very successful. Helping patients was not a requirement. 
 
    BioMarin’s offer had placed me at a crossroads: Was my commitment to treating patients greater than my commitment to basic science? 
 
    So many great scientists were making incredible discoveries in the basic sciences, especially in genetics, but only very few scientists were actually translating their work to patients in clinical trials. Many considered translation too “applied” and not intellectually stimulating. 
 
    The strain of my situation broke my confidence in my original vision of being an academic physician. It made me realize that, if my purpose was treating patients with first, ever-new therapies, this was not in 
 
    line with academic requirements. I needed to find my own way. What BioMarin offered made sense to me. I would have by far the greatest impact by joining them and developing rare disease treatments. I could advocate far more effectively as an executive in the boardroom than I could as an academic, calling in on the speakerphone in the center of the table. By being in the room, I could make the case for programs and avoid termination for financial reasons. Guided by the best possible 
 
    scientific and medical decisions, I could help to make sure the programs were developed efficiently and were successful. By leaving my basic science career, I could do more service for patients. If I spent the next 10 years at the company, several treatments could be developed. If I stayed in academia, I might develop one, if I was lucky enough to get funded. 
 
    Once I had treated all those kids and seen the results, my purpose had become clear. Everything else dimmed in importance and relevance. I was fortunate to have this moment of clarity early in my career. I could have spent 20 years in academia, at which point shifting would have been much harder. 
 
    My decision was made. I notified Adam Jonas, my division chair, that I had accepted an offer to join BioMarin, beginning September 1, 1998. He was understanding and not surprised. He had been my supporter from the beginning and had done what he could to help me succeed. He had taken my late-night call when I discovered the enzyme was taken up by cells. He had followed my progress over the next few years, as I took each impossible step. 
 
    When I told Liz, she was surprised, but philosophical. I think she realized that I had a talent for translation that exceeded my basic science abilities, and she saw that my role inside a company might do the most good. She was supportive and did not try to stop me. 
 
    After I had informed Adam and Liz, I told others in the department. 
 
    I also had to tell my regular patients in my clinic, and some of them with difficult chronic cases of rare diseases were saddened, because I wouldn’t be there to take their calls anymore. Giving up the patients and their families I had been seeing all those years in my clinical practice was hard. 
 
    Not long after, I received a call from an executive chair at UCLA, offering to give me immediate tenure to stay. But by then, it was too late. I had chosen a different path. 
 
    I was told the critical fourth year review had been intended to spur me to be more successful. But for someone who already works as much as I did, that review only conveyed the message that my hard work was not appreciated and trying even harder would not matter. 
 
    Even though I was joining a company, which had obvious financial considerations, I made a promise to myself that I would always do the right thing for patients. If I was forced into an unacceptable compromise, I would just walk out. I would not slide down the slippery slope and find excuses for doing the wrong things. 
 
    I was told by a senior person in commercial affairs at Genzyme that by joining the industry, my academic credibility was lost, as everyone on the outside would assume my actions were all based on money. “No,” I responded. “If I always do the right things, I will maintain my 
 
    credibility. If I get more treatments developed by driving the company to make good decisions, my credibility will grow.” 
 
    I had no idea if that was true, but I firmly believed people and organizations should be judged by what they do. Doing well for patients is always good business. I could drive BioMarin toward doing good. It could develop into a unique, patient-oriented, compassionate company that was effective both scientifically and financially, generating as many treatments as possible. 
 
    I knew I would face challenges. Jenny and I were in the midst of a crazy year in 1998. Jenny had become pregnant with twins in January, just as we were adding new patients to the trial one week at a time. 
 
    The twin pregnancy was difficult for her physically. As a couple, we had to consider how we would manage twins, plus a five-year-old, with everything else going on. 
 
    I swear I don’t remember this, but Jenny insists it’s true, so it must be: On the morning of August 11, 1998, with Jenny 36 weeks pregnant, she called to tell me the twins needed to be delivered. I told her I couldn’t do it that day and she’d have to wait. “I know it’s not on your schedule,” she said, as calmly as she could, “but they need to be delivered today. That’s what happens with twins.” 
 
    As Jenny was an OB/GYN herself, I knew I had to listen to her. “Give me until 5 pm,” I said. She did, and I made it to the delivery. 
 
    The twins arrived via C-section. 
 
    Joseph was the smaller twin and did well post-delivery. Katerina had some respiratory distress and was kept in the level two nursery on a little oxygen for a few days, but ultimately proved healthy herself. 
 
    The added stress of the early delivery in the middle of the clinical trial was a lot to take on. Yet Jenny appeared always so calm and collected that the craziness of what was happening seemed almost normal. When I ask Jenny if that’s her memory, she agrees, noting our life was always that way. “We were both a little naïve,” she said. “There were times when I was on call every other night and you were doing your thing, and we really didn’t see all that much of each other.” 
 
    She does remember one particularly busy stretch for me. “I did have to teach Albert how to throw in Little League,” she says. But she never complained. 
 
    “I was just always sure it was going to work out,” she says. 
 
    I left my academic post at Harbor-UCLA and joined BioMarin on September 1, 1998, only weeks after the birth. By late October, as Halloween approached, we held a black-tie celebration on the Queen Mary to celebrate the completion of the six-month trial. The twins and their older brother Albert were there. This was an emotional event for all of us, a moment to enjoy the success of our efforts at improving the health of all 10 patients. 
 
    One year later, on September 1, 1999, Jenny and I and our three kids—six-year-old Albert and the now one-year-old twins Joseph and Katerina—left our home in Southern California and moved to Marin County, north of San Francisco, so I could work at BioMarin headquarters on a daily basis. Jenny was able to find work as an OB/ GYN in Marin. I initially had stayed in L.A. to keep the lab running, but with things going smoothly there, I was not needed as much. The 
 
    production team, led by Becky Tanamachi, and the research team, led by Merry Passage, kept working, as at least initially they were Harbor employees whose work was funded in part by BioMarin. Eventually many of the enzyme production team became BioMarin employees. At Harbor, I hadn’t been able to pay anyone overtime for all the hours they worked, so they kept track and we gave them compensatory time off. 
 
    When they became BioMarin employees, the company cashed them out. “Some people got some pretty gigantic checks,” Becky said. One worker had 40 days of comp time, paid at time and a half. “They were not happy. After that, everyone went hourly and were paid overtime.” 
 
    Everyone except Becky, who was a manager and got a raise. For three years, she “commuted” north, flying up every Monday, staying in an apartment, working all week at BioMarin and flying home on Fridays to her husband in Southern California. That was all at her own expense. “I wanted to see it through,” she said. 
 
    As for me, I now met with them by telephone and on occasional trips south. It was hard to keep all of this rolling smoothly—a lab down south, the work at BioMarin, and three kids, including one-year-old twins at home. But somehow, Jenny and I were able to manage it all, especially thanks to Jenny doing all of the heavy lifting with the three kids 
 
    I knew other challenges lay ahead. It turned out the first challenge came from an unexpected source. 
 
  
 
  
   
      
 
    Chapter 20: Meet the New FDA: A Bubble Bursts • 1999 
 
      
 
    Our second round of dealing with the FDA started innocuously enough. The BioMarin regulatory team and I had sent the agency an update to our IND file showing that we had hit all of our endpoints within six weeks and that by 12 weeks, the data were excellent, with multiple positive measures. It was hard to imagine any better results. 
 
    The next step was to request a pre-filing meeting for the Biologics License Application, or BLA, which would let us bring our therapy to the market. The meeting, which is standard FDA procedure, serves to discuss the plans for the application and ensure that the piles of paper to be filed include everything they will need for their review. 
 
    We asked for permission to submit our BLA with only 12 weeks of data rather than with the originally planned 26 weeks, with the intent of collecting, collating and preparing the rest of the data while they reviewed our application. This seemed logical and would help speed up the process. The agreed-upon endpoints showed the drug worked and was reasonably safe, with some expected allergic reactions, which were manageable. Certainly no one needed to stop the therapy due to allergic reactions. In our view, the results were so strong that approving the therapy sooner would be best for patients. 
 
    However, what we got back from the FDA was just the opposite. 
 
    By this point and unknown to us, a new group of FDA physicians had taken over the review of our application. The supportive team we had met with before our study was not involved anymore. Now Karen Weiss, an oncologist, was head of the review group, which also included Marc Walton, a neurologist and the team leader, and Dwaine Rieves, 
 
    a pulmonologist. This roster marked a wholesale change from the group of doctors we had met at the amazing and pivotal pre-IND meeting in June 1997. Though these physicians were experienced FDA reviewers, none had been trained in biochemical genetics, nor were they experts in the MPS disorders, or any metabolic diseases. 
 
    I learned much later that David Finbloom, the serious but supportive doctor who had led the original review team, had died of brain cancer in 1999, just as we were returning to the FDA. Little did I know that 
 
    he had been the main reason that the team had provided us a great plan for progress, nor that he was the most important, tireless advocate for patients and had helped many other drugs gain approval. Now we had to deal with a new group of people, and we soon found out they did not feel bound to anything that the FDA committed to us in the pre-IND meeting. 
 
    Instead, this new group of reviewers decided to take a fresh look at the program, after the agreed-upon study was completed and met all the agreed endpoints. After their internal review, they felt that we did not have sufficient proof that our storage measures—such as liver size or urinary sugar excretion in MPS patients— would predict clinical outcomes. 
 
    How could there be “proof” when there had never been a clinical study in this disease before? 
 
    To understand the relationship between the biomarkers and clinical outcomes, consider diabetes. Glucose is a biomarker—something that, when present in the body in abnormal amounts, can indicate disease. It is the cause of the problems related to diabetes. Insulin lowers glucose. With insulin to control excess glucose, the patients don’t go into acidotic metabolic crisis and don’t end up in the hospital. That’s an outcome. Any new therapy for diabetes can be measured against what we already know about insulin’s effect on glucose. 
 
    In the case of our enzyme, based on standards set in the FDA’s Accelerated Approval regulations, we didn’t actually have to prove the relationship. We only had to show that the biomarker, in this case 
 
    our measure of GAG sugar storage, would be reasonably likely to predict clinical benefit. This, we felt we had accomplished, based on our animal model and our clinical data. 
 
    We knew that MPS patients had an enzyme deficiency that caused the accumulation of a sugar at a block in the pathway. But because no one had developed a drug therapy for it, or even studied one, we didn’t have any prior, proven, precise measures of the disease, nor what changes in those levels would tell us about the clinical outcomes. However, we did have ability to measure the GAG sugars that accumulated in a patient’s tissues and oozed out into their blood and urine as indicators of their disease activity. When we treated the patients with our enzyme, the GAG sugars decreased substantially, with 80 percent of the excess levels in the urine gone and the liver size normalized. 
 
    This new FDA review team said that even though we normalized the biomarkers of GAG sugars, we hadn’t proven that the patient was normal or, at minimum, seeing a benefit. They felt we didn’t show that the biomarkers had predictive value—that giving the enzyme to other patients would lead to the same result. 
 
    We felt the benefit was obvious, since these markers were the direct signs of the disease. Our results were strongly positive and could not have happened by chance more than one in 1,000 times of running the study. 
 
    The patients had also clearly improved in every one of our clinical measures but the FDA ignored those results, because they were not measured in a blinded trial or compared to a placebo. It seemed impossible to have all the biomarkers and clinical measures improve randomly in the same patients, but that is what the FDA team claimed could have happened. By applying procedural logic in their analysis, they took an obvious result and constructed an illogical explanation, even when the biologic plausibility and results were clear. 
 
    That level of a standard of proving the predictive value of a measure would make it difficult or impossible for almost any rare disease to have the data these FDA reviewers expected. There are just not enough patients to follow for long enough to prove the clinical significance of any biomarkers. 
 
    In addition, patients with rare diseases had not been subject to in- depth studies using effective treatments which we could have used to create a before-and-after comparison to assert that a certain amount 
 
    of change resulted in a significant amount of clinical benefit. However, along with the storage measures, we had good data from our study that multiple clinical endpoints had improved, just as we had expected from our dog data. 
 
    In the MPS patients in our study, we showed the shoulder range of motion improved 26-28 degrees, which is a very large improvement, particularly in such a short period of time. We could tell that sleep apnea—episodes of stopped breathing and low oxygen during sleep—improved, based on objective electronic monitoring, not doctor observation. Patients with visual impairment were able to see better. Everything we studied showed improvement, so how could the biochemical measures not be correlating with the clinical endpoint? 
 
    This new FDA review team felt that, since the clinical measures were conducted in an open label trial (one in which both doctors and patients know the patient is getting the drug), the doctors and patients could be totally biased. They therefore considered the results not 
 
    useful for approving the treatment of the disease. They conceded it was encouraging, but not encouraging enough. 
 
    While we hoped to be pressing forward, we now had to conduct a rearguard action to re-justify the clinical plan we had set forth in the pre-IND meeting, which the other FDA reviewers had approved. We had conducted the study under that plan, including 10 patients when we had only promised six, and we had hit all of the predetermined, required results, which we had set as the basis for deciding if the drug worked. To rethink that plan after the study was over had no basis in fairness or science. 
 
    The new reviewers didn’t have any scientific evidence or theory to assert that the biochemical measures didn’t work. We just did not have enough yet in the file to show that they did predict clinical 
 
    benefit—to prove that a certain change in the biomarker would cause a certain amount of change in the disease. The bar had moved. And, according to them, the clinical data from our own study could not 
 
    be used as independent evidence, because we studied sick children without using a placebo control group, like most larger studies in more common diseases do. Using a placebo—26 weeks of saline infusions— would be unethical in a serious disease like MPS. We instead relied 
 
    on biochemical measures for the primary determination of efficacy, as the prior FDA reviewers had agreed. The new reviewers, however, said they needed more data before they would let us use those measures for approval. 
 
    After months of back-and-forth, we received a formal notification from the FDA in September 1999, declining to meet to discuss our marketing application. Without that pre-meeting, we risked a potentially catastrophic rejection if we tried to submit the BLA anyway. When we reiterated our request to meet, they again declined, stating that a meeting would serve no purpose as we could not proceed to file the application with the one study. 
 
    BioMarin’s point person for dealing with the FDA was Matt Patterson, the company’s manager of regulatory affairs. Matt had taken over the role formerly played by consultant Dick D’Agostino, who had helped file the initial IND. 
 
    Matt was a rising star hired from Genzyme, whose head of regulatory affairs, Alison Lawton, recommended him as the “cream of the crop.” Matt was a sharp young man with great professional skills, a deep resonant voice that people like to trust, and the kind of personal style that attracts people. Always well-groomed, Matt was a man in control 
 
    of his appearance, quite the opposite of me, the rumpled academic. He appeared too young to be experienced, but he knew the field. He had an impressive breadth of knowledge for just a few years in regulatory affairs and much more judgment than most men his age. Even when there was something he didn’t know, he was skilled at pushing items along in a meeting. 
 
    When we first became acquainted, on a car ride on Highway 101 heading from San Francisco to BioMarin’s Novato offices, I confided in Matt that Dick had not been editing any of my writing for the IND and that I thought this time around, I should have more coaching in how to deal with regulatory authorities. Matt reassured me that he would not let that happen. And he was right. Painfully right. 
 
    During that year of calls and struggles, we kept making the enzyme and treating our patients. They stayed for six weeks in Torrance until we felt comfortable that they were not going to have an immune reaction. Then they were sent to their home institutions for their weekly infusions, coming back to see us for evaluations every few months. We shipped the enzyme to each institution for each patient, a total of 10 
 
    centers around the country, so they could continue their weekly infusions closer to home while we battled with the FDA. 
 
    Ryan was back in Texas and doing really well. Dr. Lewis Waber, who had initially diagnosed Ryan back in 1991, was able to oversee Ryan’s care at Dallas Children’s Hospital. As Ryan came in each week, Lew and his nurse, Sarah McNeil, became lifelong friends of the Dants. 
 
    Ryan continued to get better each time we checked. His terrible headaches were greatly reduced, and his mobility and energy level were improving. Like many of the kids, he was eating more and feeling healthier. Mark and Jeanne were amazed at the changes. James Jeter, their friend, was shooting videos of everyone and interviewing the parents. The emotional impact of seeing their child changing direction was powerful. They couldn’t have conceived of such a promising situation. Jeanne said at the time how lucky they felt to have gotten this treatment, as it was “just so good” that she couldn’t believe that they “deserved it.” 
 
    The pressure from the FDA ratcheted things up on the home front for me as well. “We were so used to getting stuff done and putting out fires,” my wife Jenny remembers. One night, though, we nearly hit a crisis point as I started packing my suitcase. 
 
    “What are you doing?” Jenny asked. “I have a business trip!” I said. 
 
    “Well, I’m on call at the hospital tonight,” Jenny said. “That means that there are no parents in this house to watch the kids.” 
 
    I guess we should have been more organized. In the end, we didn’t abandon the children. Jenny’s mom lived close by and stayed with them. 
 
    Around this time, our team at BioMarin began writing a 100-plus page special report that reviewed the science behind the relevance of measuring storage—such as liver size or urinary sugar excretion in MPS patients—as a way of quantifying the benefit of the drug. We worked all hours to produce analysis documents and updated graphs to support our data. We wrote about our dog data, how these measures correlated with tissue storage, and how they reflected the disease 
 
    process. We reviewed the clinical data in greater detail and after longer periods of time and compared it with the literature. The basis for choosing these measures was solid scientifically. It was hard to imagine a better magnitude of effect than seeing patients reach near-normal levels. 
 
    We had a big hurdle to overcome: Urine measures and liver size lacked regulatory precedent. No one had ever used them before. MPS is an extraordinarily rare disease, and no one had ever developed a therapy that could be tried on MPS patients in a clinical study. 
 
    We filed our report with the FDA, and again the same questions came back: How did we know that the liver size or urine sugar level would tell us if the drug works? How did we know that any given amount of decrease is meaningful? They made it clear: Animal data and scientific rationale were not sufficient. 
 
    We then took the approach of showing how close our patients had reached toward normal, rather than just how much they had gotten better. We showed that by one year, nine of 10 patients had a normal liver size for their body weight, and that 80 percent of the excess sugars in the urine had been eliminated. We thought this sounded like a very solid move to near-normal in these measures. You can’t get much better than nine out 
 
    of 10 reaching normal, and once you get 80 percent of the excess sugar eliminated from the urine, there is only 20 percent more. 
 
    We had eliminated the majority of the sugar storage by these measures. But the question came back again: “Yes, but what does that mean for other tissues and clinical outcomes?” The data in the MPS I dogs, which showed all the other organs at the same decrease, was ignored. 
 
    Matt Patterson thought it was a lost cause, and that the FDA reviewers had made up their minds, but I felt we were fighting for the lives of patients who would certainly die while waiting. I could not face them 
 
    and their families and tell them their access was delayed without at least the consolation of knowing we had fought hard for them. The families appreciated this, and they rallied to help their own cause. MPS parents— now excited by being so close to a potential therapy—pressured the 
 
    FDA to at least hear us out. We finally were able to set up a meeting for November 1999. 
 
    We couldn’t be sure what the right tactics were in this situation. 
 
    What we did know was that Genentech sued the FDA when it didn’t get an approval it sought, and that did not work well for them. We decided 
 
    to follow the general view that you make your case, you make nice, and you hope. 
 
    With updated data from the patients, we wrote up our arguments again, as clearly and concisely as possible, to show that our treatment was having a profound biochemical impact on the patients and that our other clinical data was as objective as it could be. We sent the package to the FDA in October, and the next month, we traveled to Bethesda, where the FDA was then located, to make our case. 
 
    We brought two of the top people in the field of MPS disorders: William S. Sly, chair of Biochemistry at St. Louis University and discoverer of MPS VII, as well as much of the cell biology and biochemistry around enzyme replacement, and Joseph Muenzer, a top expert in the clinical care of MPS patients. We felt that testimony from these two experts would be sufficient to convince the FDA. Everyone in the field respected them. 
 
    But our FDA reviewers were not from the field—not even close to it. 
 
    As we had in June 1997, when things went so well, we flew across the country and stayed at the Doubletree Hotel in Bethesda, this time with even more foreboding. The next morning, we met with Marc Walton and Dwaine Rieves from the FDA. We gathered around a smaller table this time, so our faces and bodies were closer together than during the first meeting. 
 
    It was clear that the FDA did not like to have the “big guns” of Bill Sly and Joe Muenzer there to blast them with the facts. The FDA knows that companies bring the best in the world to appear before them, and they feel attacked with the scientific equivalent of a bazooka, albeit 
 
    in a very cordial and professional manner. The FDA reviewers clearly considered our scientists conflicted, because the company had paid them as consultants, even though both were men of the highest intelligence and integrity—which is why I liked to work with them in the first place. 
 
    After we presented the highlights of our data again to the FDA, we invited Joe and Bill to provide comments on their view of the data. At one memorable point in the discussion, Joe stated, “I was very surprised that the range of motion clearly changed at all during treatment, as 
 
    I would have thought that the best we could accomplish would be stabilization of joint movement, and that the contractures—the fibrosed limited motion of the joints—would have prevented any improvement. Any improvement would be surprising. Yet the amount we saw in this study was profound.” 
 
    Rather than being impressed with this information, the FDA doctors betrayed their lack of knowledge. “Well,” Rieves asked, “how do you know that the range of motion did not just get better on its own— 
 
    sort of natural variation over time?” Joe was incredulous. “In my own experience,” he said, “I have never observed an MPS patient to spontaneously improve in range of motion—or anything else for that 
 
    matter. They only get worse and then they die.” To which Rieves replied, “Well, what do you know about clinical progression in MPS patients?” 
 
    We were all taken aback by this. Apparently, Rieves did not know that Joe Muenzer was probably one of the top two or three people in the world caring for MPS patients. He literally wrote the book on the clinical care for MPS. Joe, bristling at the notion that he had to justify 
 
    his qualifications, sat up taller, leaned in, and declared, “In my entire 30- year career, I have seen around 200 families with children with MPS of all types.” He ticked off his experiences, then capped off these facts by stating, “MPS kids don’t get better on their own, ever!” 
 
    After Joe finished his blast, he sat back and just stared at Rieves, who looked down at his papers and said nothing. The room fell dead silent. 
 
    I was so happy I was beaming. The bazooka had landed square on the target. 
 
    Then Marc Walton nonchalantly changed the direction of the discussion, as if nothing had happened, ignoring everything Joe had just told them. Here was the top expert telling them their objections were unfounded, and they would not listen. Joe and Bill were both perplexed that the FDA reviewers moved on without responding. They looked at each other, wondering, what is going on here? 
 
    It appeared these reviewers were ignoring anything that didn’t feed their predefined opinion. For them, MPS was a passing page in a chapter they might have read in their first year of medical school. The impact of their regulation of all potential drugs, and the effect on patients who have to live with that disease for a lifetime, did not seem to faze them. They had their “rules,” and this case did not meet their “rules.” They were not budging from their view, which looked to me like “prove it to me, but you can’t.” Meanwhile, they didn’t have to prove their speculations on a series of accidental associations. 
 
    Matt Patterson, always the smooth manager, led us to end the meeting almost too cordially. 
 
    One suggestion the FDA reviewers had offered was that we look at bone marrow transplantation for MPS I as a source of data on biomarkers and their predictive value in clinical outcomes. Bone marrow transplantation had been around for a while and had shown 
 
    some promising results in young MPS patients in stabilizing their brain function, but it had not solved the bulk of their physical problems. But because it had some efficacy, the FDA had what could have been a reasonable idea: compare our enzyme replacement results with what bone marrow transplants achieved in the biomarkers, to show we had come up with something similar or better. The FDA’s idea was that perhaps we could show how the liver size or urine sugar levels decreased after patients received bone marrow transplants, and then compare those results to what transpired after our enzyme therapy. 
 
    The challenge here was that, while there were a few published articles about patients who had undergone the transplants, no formal study had been done. There was no consistent urinary MPS data or liver size data in any of these publications. The transplanters who started doing the procedure in 1981 were not conducting the kind of formal study that would give us a comparison. They published extremely few cases of 
 
    liver size measurement or urine GAG reduction. There was no sufficient information to demonstrate cause and effect. 
 
    To help the FDA see our review as legitimate—that we weren’t just saying the data didn’t exist, but tried exhaustively to find what they wanted—we commissioned an independent study of the scientific literature. It showed that such data did not exist. 
 
    We also went directly to the group in Minneapolis that was one of the key centers performing bone marrow transplants on very young MPS patients. We sought their unpublished data on urine GAG sugars and other clinical information. They would not provide it, suggesting it was lost somewhere in their file cabinets. 
 
    At the time, bone marrow transplants had 10-20 percent mortality in their first year, and if the donor were “haploidentical”—a partial match, usually from a parent—mortality was 50 percent. If any drug caused a 10 to 50 percent death rate, it would never be approved. But incredible as it seems, such a transplant is a procedure and is therefore not subject to the FDA rules, so no formal studies were done, and the transplanters did not have to provide their data. 
 
    We had hoped that, without the bone marrow transplanting data, the FDA’s demand for other clinical data would disappear, and we could focus on the data we did have. We were wrong. The FDA’s response was, essentially: “Well then, you have no proof for your liver size and urine sugar endpoints, and we cannot interpret the efficacy of the drug. Furthermore, since your study was not blinded, we cannot interpret any of your clinical data. We think the data are interesting and show biologic activity, but it cannot be considered sufficient proof of efficacy.” 
 
    During a follow-up teleconference discussion with the FDA, we were trying to figure out what we could do to reach a submittable application. Matt Patterson and I were on the line with Marc Walton and Dwaine Rieves again, along with Karen Weiss. Genzyme staff joined us for this meeting, including Alison Lawton, the head of Genzyme’s regulatory unit, and David Meeker, the head of clinical development. 
 
    We presented our case once again for why we should get approval and how we might prove further efficacy after approval. After we finished, Marc Walton did most of the talking. He basically lectured us on the issues they saw. We had heard them all before, but this time, he seemed even more critical and disparaging of the work, as if we were lying, and the patients all exhibited wishful thinking. It was clear that they had made up their minds and were not listening to what we said. 
 
    Matt had his usual deep-voiced composure and spoke thoughtfully and gently, while I had to muster everything I could to contain my growing frustration. 
 
    Alison from Genzyme was very composed. She asked incremental questions, delicately probing with her genteel British accent, searching for some direction. I hoped we would at least finally get the chance 
 
    to say, “You’re wrong, and MPS kids are going to die because of it.” Instead, it felt like we were just giving in to the FDA . 
 
    Then, David Meeker from Genzyme suggested a new Phase 3 study, using a placebo control. I was shocked he had brought this up, as it would dramatically delay us. I found it hard to believe we would do weekly placebo or saline intravenous infusions in patients for six months in control groups. It seemed completely unethical, knowing that our 
 
    enzyme worked. 
 
    Clearly, David had had other conversations with these same reviewers on other Genzyme programs and knew they wanted us to do another study with a placebo-controlled design. Which was exactly right. The FDA did want us to conduct a randomized, double-blind, placebo- controlled study using measurements of how the patients are performing clinically, rather than the biochemical or storage measures. Since MPS is a very variable disease that had never been studied before and for which no clinical endpoints had ever been established, we were highly concerned about how to design this study. 
 
    The risk that the whole program would fall apart from the financial weight of this requirement was very real, and I began to worry about the survival of the therapy again—and of BioMarin. It would take several years and tens of millions of dollars more. Could we get enough money to do this? Additionally, even if the program survived, I worried about patients who were not getting treated in the meantime. They would have to wait years for the trial to finish, and they might not survive until the drug was approved. In addition, conducting a new study had other risks, as we would be using new endpoints, and designing the study correctly would require us to guess right the first time out. 
 
    Based on the discussion, it was hard to be sure what our partner was thinking. It seemed that for large Genzyme, the success or failure of little BioMarin was not an issue. However, the BioMarin management team could see the potential disaster. We might not have enough cash to survive three years and pay for all of this. We were hunting for a new CEO, as Grant Denison announced he was stepping down and searching for his replacement. With our stock price falling, we had less ability to raise money from new shareholders. 
 
    Matt, Stu Swiedler, our nonclinical vice president at that time, along with the BioMarin management team and myself discussed where we stood. We all knew there was a risk we would run out of money. 
 
    The only thing we could do was go as fast as possible—yet now we were getting delayed. 
 
    The delay would force us to speed up a planned revamping of our manufacturing process. The manufacturing team had been working on improving the process. It made sense to get that new process running and use it in the next trial. That meant speeding up the work, causing a near crisis, as we tried to finish the development and get the new process ready to run in a new plant. And of course, it meant we had to spend even more money. 
 
    We knew the delay didn’t hurt Genzyme at all. They had plenty of money. They could wait. The slower things moved, the more likely BioMarin would be unable to fund its obligations, forcing the 
 
    company to sell out to Genzyme. We couldn’t know if we would survive this challenge. 
 
    That day, as we finished our meeting with the FDA with the agreement to conduct a new study, I decided that I was going to dedicate myself to fix this regulatory nonsense. We had to get science back into the discussion for these ultra-rare disease treatments, with decisions made by professionals trained in the appropriate area of medicine. We couldn’t let arcane regulatory precedents and rules dictate what can be developed and who will and won’t get a treatment. We had to find a way to explore new treatments in untreated diseases with limited resources. 
 
    The bias against rare diseases in regulatory matters adds just one more hit to the already battered rare disease patient. First, hardly any doctors know the disease well enough to diagnose the patients promptly. Then, 95 percent of the time, there is no specific treatment. Next, there are too few researchers, so the treatments don’t get discovered. And then, when someone finally does the research, no one will invest in the production of the treatment and the clinical trials, because there are too few people to constitute a significant market. And finally, if all these hurdles can be overcome, the regulatory authorities don’t know what to do with it, because there is no precedent, no biochemical measures, no medical knowledge or training, and too few patients and precedents to study clinically in the manner they are accustomed to seeing. 
 
    The message seems to be that we should just give up. But we can’t. 
 
    People are depending on us. 
 
    I have heard many people in the biotech industry and at the FDA press the case for “rigor” in the drug development process. This makes sense, until you realize what this can mean, practically speaking: Keeping up standards, whatever they are means keeping the status quo. They say with deep earnestness, “Patients with rare diseases deserve just as good a treatment as those with common diseases.” One would have trouble finding fault in that statement alone. The problem is, a platitude like that doesn’t paint a complete picture. The drug development field is completely tilted against rare diseases. So when people put that statement to me, I amend it and tell them to finish the sentence: “Patients with 
 
    rare diseases deserve just as good a treatment as those with common diseases…. or nothing.” Adding those two words at the end make it very clear what is really meant by the first part. Then it doesn’t sound so great. The choice is now clearer. The two words “or nothing” reveal what the real outcome of keeping the status quo is. 
 
    Coming up with a therapy for someone with a rare disease is far different than developing a treatment for something that affects millions of people. If you’re trying to help large numbers of people, you can afford to spend large amounts of money to run large studies and prove the treatment is safe and effective. But if you’re trying to help a handful of people who otherwise have no hope of a normal life or lifespan, the limits of a drug’s efficacy are never as consequential as the untreated disease. That’s why parents were putting MPS children through bone marrow transplants in which they had a 10 to 20 percent risk of dying. 
 
    The truth is that for a drug to get approved in a small rare disease study, the drug has to have a larger positive effect, larger than drugs for common diseases that get approved frequently. The drugs are highly specific to these genetically defined diseases. The science is there, if we want to use it. 
 
    If you or your child end up having one of those rare complex diseases that is so hard to study, and then you are given hope that some new science may bring some benefit, everything else—all the arcane arguments about endpoints and standards and law—falls flat. A person with such a disease is justified in feeling angry that—after all the tax money spent on NIH research and all the heartache for families— 
 
    the best we can offer rare disease patients is some over-the-counter homeopathic medications that have never, ever been scientifically studied. 
 
    This experience gave me a new insight: The system was broken. 
 
    I resolved to work on fixing it, so that in the future, the biotech and regulatory worlds would adopt a new phrase: “No disease is too rare to deserve treatment.” 
 
    But first, I had to see if I could get my enzyme therapy approved. 
 
      
 
  
 
  
   
      
 
    Chapter 21: Double Blind, Double Trouble • 1999-2000 
 
      
 
    On the night I arrived back from our FDA meeting that November in 1999—late at night as usual—I could not sleep, thinking about how many families who had written to me would now find out their child might not be treated in time, and would likely die. 
 
    The next day, I started making phone calls and sending notes to MPS I families. Responses came flooding in from around the world. So many situations were affected by the delay and challenges in front of us. We had such high hopes at the start of the study and as the positive data came out. But flying so high then made the crash now so much worse. 
 
    Further exacerbating the situation was the radical change in the response we were getting from the FDA this time. We had had an understanding, and we met all those requirements. Could they just change the requirements for no apparent reason? How could a detailed agreement for the trial and filing be ignored? 
 
    I struggled continuously and painfully on two tracks: first, running through the data over and over, and at the same time, explaining to families the challenge that now lay before us. 
 
    The first call I made was to Mark Dant. Mark was my first and leading parent and, I knew, the most understanding about the situation. I told him about the latest meeting with the FDA and the new requirement to conduct another study, with a placebo-treated group. 
 
    “How could that be?” he said. “Didn’t they see all the results? Ryan is doing great. All the kids are. What’s the reason?” 
 
    I related the FDA’s concerns about whether the measures of storage we used could adequately predict clinical benefit and that they had thrown out all the clinical data because the study had not been ‘blinded’, with a placebo. 
 
    Mark was incredulous: “They want a study with placebo. Isn’t that unethical? You can’t give MPS children placebo infusions each week for six months. What parent would agree to that?” 
 
    “Mark, I know it is hard to imagine, and I don’t think it makes sense or is ethical. But they won’t believe the results without a placebo control. The FDA has seen studies before where the results don’t repeat in a placebo-controlled study, and they are skeptical of unblinded studies. We are forced to do a placebo-controlled study.” 
 
    “What does that mean for us then?” 
 
    Mark did not say it, but I knew he wondered about whether somehow the kids on the drug now would not be able to stay on treatment while the Phase 3 study was conducted. Would the needs for the next study change our ability to continue treating those kids? That was not an option. I told him: “The kids on drug will stay on drug. Don’t worry about that.” 
 
    I worried, though. We had shortages of supply after the initial study was over. Our production facility could not keep up, and production had intermittent challenges. We had a new, larger facility constructed in Torrance, as well as a new one at BioMarin’s headquarters in Novato. In the future, the supply should not be as large an issue, although we would not know for sure until these facilities were fully operational. 
 
    I also called Steve Holland, who had three MPS children, including Spencer—patient number four, who had given us the scare with his allergic reaction. Spencer was doing well on enzyme therapy, while his two sisters were getting worse. So this call was more emotional and difficult. Steve and Amy had held such high hopes that, with the drug working wonders for Spencer, their daughters would be next in line for treatment. To continue seeing them get worse while Spencer got better was torture. 
 
    “I know it is a terrible blow,” I told Steve, “but we have to do this other study. Your daughters might qualify and participate in that study. They would have a 50 percent chance of getting the enzyme for the first six months. If they did get the placebo during that time, then after the six months were up, they could get the drug.” 
 
    Steve was always philosophical and thoughtful, even when the careening emotions of MPS I disease and treatment pushed him to the limit. But he would have to explain it to his daughters as they got stiffer and stiffer, while Spencer got better. 
 
    “Where will the study be done? Here in Texas?” 
 
    “I hoped we could do it there, but I doubt it. I am not sure where the study will be run. But you could travel to another location for the infusions.” 
 
    None of the parents I called thought that doing a double-blind study made any sense, and some were incensed by the delays. Others focused on what they could do now for their child. It became clear to me that there were a number of children who were too sick for the large study, yet would not survive long enough for the product to reach approval. 
 
    I could not see any good to come of this. I had to do something for these few patients that were most at risk, while we worked through the regulatory process. 
 
    BioMarin and Genzyme did not want any difficulties, and they feared that if parents contacted the FDA, it might hurt the companies’ working relationship with the agency. It was well-documented that when companies did this in the past, the FDA felt like they were using emotional and political forces to do their bidding, rather than following the science. 
 
    Since I knew the science was solid, I felt the parents were well within their rights to contact the FDA and let them know their view of the situation. That’s exactly what happened—a group of parents went on their own to the FDA to argue their case. It took a while to get a meeting with the people responsible for the drug review, but ultimately Mark Dant and others met with the reviewers to press them on the iduronidase program. Though they were not able to change the requirement for a new trial, the FDA did agree to engage with the patient community, and they sent Karen Weiss, the head of the group reviewing our study, to the 2000 International MPS Symposium in Minnesota. 
 
    While the parents were lobbying the FDA, I started planning a compassionate use program that would treat a few of the sickest patients who could not be in the next study and who would likely die before the enzyme was approved. I anticipated a crisis, especially for a few patients with good prospects for benefiting from enzyme replacement therapy. 
 
    I started talking to people at BioMarin about this urgent need. My first shock was to discover that there was no support for trying to save a few children who might not survive, even if we had enough enzyme to do it. They had sympathy for the desire to treat patients—but they had a greater focus on the risks and problems. 
 
    Matt Patterson weighed in early with his concerns. He thought that since the FDA were asking us to do a Phase 3 double-blind study, they might not agree to allow a compassionate use, because it would delay or distract from the Phase 3 execution. Proposing compassionate use before we had put forth our Phase 3 protocol could cause a serious problem. In addition, they might not allow it, because, in their mind, the drug was unproven to be beneficial. We also had to make sure the compassionate use program would not pull patients from the Phase 3 study. Then there was the cost and the supply of enzyme. 
 
    Matt’s issues were rational, but not insurmountable. I was able to get him to put his principles in writing, so that they would guide our actions. This document became a working guide on how to construct the plan. 
 
    Matt was not encouraging that we should do this, but he knew me better than to just say no. 
 
    Others at BioMarin were more definitive in their resistance. John Jost had just joined BioMarin to run manufacturing, since we thought we were heading toward an approval. His experiences at Genentech were very clear. He said, “The first rule about compassionate use is, don’t do it. We don’t have the product to do it, and it is costly and a distraction from our need to do the Phase 3 study. You need to focus on getting the product approved, not mess around with compassionate use.” 
 
    John’s view was repeated by a number of people on the team. All said the same thing: Avoid the distraction factor. Get the product approved. 
 
    That’s the way to get people treated. 
 
    I could never accept that people were referring to the deaths of children as “a distraction.” Everyone expressed their concern for them, but it never drove their decisions. 
 
    My colleagues began to get frustrated as they saw that I was not going to let go, despite being given all these rational reasons. Executives and regulatory people tried using scare tactics: “What happens if a patient dies on compassionate use? It could kill the program! Then it would never get approved for anyone.” 
 
    I asked for a specific example of when the FDA killed a proposed therapy because of such an unfortunate event in a compassionate use program. I had never heard of such a thing, and I could not imagine the FDA would do that. In fact, no one could provide a specific example because, as I later found out, the FDA had never done that. 
 
    I was shocked at the cynical way people viewed the situation. I thought that doing the right thing would be obvious, whatever the hassles or challenges. We could not treat everyone, but how could we just let children die who could be saved, when we had a drug in our refrigerators to treat them? The issues and risks to the company—and to the development process and the FDA relationship—were certainly 
 
    considerations, but I could not imagine we would decide against treating a few very sick kids. 
 
    The debate continued over a few months, both at BioMarin and Genzyme. I was on one side, and everyone else apparently was on the other side. Clearly, no one desired this discussion. People invariably hid their opinions. The hotter and more political the battle became, the more entrenched my view became that I must fight for the compassionate use of the therapy— at the very least for a few of the sickest patients that could medically benefit. 
 
    Then the stakes were raised. 
 
      
 
  
 
  
   
      
 
    Chapter 22: Hold for the Senator • April 2000 
 
      
 
    “Please hold for the senator….” 
 
    “Okay,” I responded, a little nervously. My assistant Lesley had forwarded the call to my office, then I had to wait for John Edwards to get on the line. This gave me more time to think about what one says to a senator. 
 
    This was my first call ever with a member of Congress. The stakes were rising, and the situation was beginning to mushroom into a crisis. It was now April 2000, five months after the disastrous FDA meeting. 
 
    I knew why I was getting this call. Five-year-old Caroline Vermillion had MPS I, and the delay in the iduronidase program was preventing her from getting treated. Diane Vermillion, Caroline’s mother, had called me several times over the years, pleading with me to give her child a chance to join the treatment program. Caroline was sick and getting worse. She had been in and out of the hospital with lung infections and difficulty breathing. She was in bad shape. 
 
    Many families were in a similar panic since the delay was announced. 
 
    But young Caroline’s father was president of a Charlotte real estate company and her family played important roles in North Carolina business and politics. Hence the call from the senator. 
 
    “Hello, this is Senator Edwards. Who am I speaking with?” John Edwards had a genteel Southern accent and, like any really good politician, came across as pleasant and friendly, keenly interested in the welfare of a constituent. 
 
    “Senator, this is Emil Kakkis. I am the vice president of Scientific Affairs at BioMarin, and the researcher who originally developed the enzyme therapy for MPS I…” 
 
    “Doctor, I am calling to help figure out how I can help the Vermillion family get treatment for their daughter. She has this MPS I disease, 
 
    and I hear that you have a treatment for it. What can we do about getting her treated?” 
 
    “I know Diane Vermillion well, and I am very aware of their critical situation. Caroline is severely affected with MPS I and has lived a lot longer than average.” 
 
    “Doctor, I am trying to get this poor child some therapy before she dies. What can be done to get her treated?” 
 
    “Senator, we have not been able to treat her or other patients, as we are trying to work on the FDA request for a new study. I have been working on a compassionate use program and have an initial plan for it, but we have some work still to do. We need to get consensus with 
 
    Genzyme, our partner on the program, and we also need agreement from the FDA. We also need to make adequate supplies of the enzyme, and we have a new plant now in operation that should supply much 
 
    more enzyme.” 
 
    I would have liked to say a lot more, especially about my difficulty getting people inside both BioMarin and Genzyme as well as the FDA to support the compassionate use program. But I had to represent my company and the company position. I tried to navigate my desire to get access for patients but doing it in the correct way. A call from a senator only made the situation more complicated and more stressful. 
 
    “Doctor, what kind of time frame are we talking about here? Can you tell me that?” 
 
    “We still have to finalize a plan, and then get agreement on it, prepare an ‘expanded access’ (compassionate use) program and protocol, send 
 
    it to the FDA, and then await their agreement. If they have questions or issues, we have to answer those and revise the protocol accordingly. We also have to get more enzyme made from the new plant, although we have some enzyme from the first pilot plant that might be usable. It will take a few months to get through this process within the company and with the FDA. It is April now, so the earliest is probably July.” 
 
    I hated providing such a bureaucratic and gutless answer. 
 
    My timeline was optimistic at best, given how much resistance existed for a compassionate use program. Reciting all the steps seemed unfeeling and plodding. I had spent so much time in a frantic push to get the program going and the study started, and now, with the lives of children on the line, I was reciting red tape. It did not feel good. It did not feel right. I was on the other side now, representing the system, resisting, rather than promoting, the care of patients. Teams controlled everything, which meant that no one took responsibility and “bold” was a four-letter word. But I could not go out on my own and expect the companies to align either. 
 
    “Doctor, in your professional opinion and from what you know of little Caroline, how long do you realistically think she can live? In point of fact, do you think she can wait around for the company to figure out these details and procedures?” 
 
    This was a natural response after hearing my red tape recitation. I failed to be crisp and definitive on the plan, while the life of this child was at stake. 
 
    “Senator, I cannot really know for sure, but she is very sick. The serious lung infections she had recently could mean she is in her last year of life. She could go at any time if she gets a bad infection, which is how many Hurler kids die.” 
 
    “If I wanted to call the FDA on her behalf to help the project along, who would I contact there? I am sure I could facilitate the process to help this move along. I am committed to get this child treated just as soon as possible. Who should I contact?” 
 
    You might think I would have welcomed this offer. I was frustrated with the FDA bottleneck. Wouldn’t it be great if a member of the U.S. Senate put some pressure on them to move things forward? However, I was astute enough to recognize immediately that Edwards calling the FDA could easily backfire. The FDA would not be happy getting his call, especially before we had submitted our proposal. They might assume we had called the senator to put pressure on them. Nor would 
 
    Matt Patterson, BioMarin’s director of regulatory affairs, be happy about handing out our contact names to senators. The regulatory interface was handled delicately, and politics represented a much more heavy-handed approach. 
 
    Nevertheless, I had no choice. I couldn’t very well refuse to give Sen. 
 
    Edwards the name of our contact at the FDA. 
 
    “You would need to call our program manager Mike Noska, and he works at CBER, the Center for Biologics Evaluation and Research in the FDA. That’s the group that is reviewing the enzyme therapy program for MPS I.” 
 
    “Dr. Kakkis, thank you for your time today. I trust you will be able to help get this poor child treated just as soon as possible. Will you keep my office updated as soon as you hear news about this treatment?” 
 
    “Senator, I hear your concern, and I am also concerned for Caroline and a few others that are right at the edge right now. We will push this forward, and I will let your office know what is happening.” 
 
    The call with John Edwards put into high relief the urgency and crisis that the delay in iduronidase was creating. The anxiety among patients and parents was escalating. I understood perfectly well how they felt. 
 
    Losing a child just before the treatment becomes available would be too great a tragedy. 
 
    After that call, I felt a need to be more committed to fight for them. 
 
    I had once been the bold person pushing this program forward. I had taken a stand on getting it going in the early days. But then, the program had been under my control; the risk too had been mine alone. Now, I had many colleagues who needed to be consulted on every major decision. 
 
    The exhilaration of the early days felt like a long time in my past, even though only a few years had elapsed from our dog tests to the children’s infusions. 
 
    I subsequently received letters on compassionate use access from other senators as well, including Jesse Helms, Max Baucus, and others. The rising political situation proved that we needed to give compassionate use more critical legitimacy as a company issue. 
 
    And then I received another phone call. 
 
      
 
  
 
  
   
      
 
    Chapter 23: The Precious Nature of Life • April 2000 
 
      
 
    Soon after the conversation with Senator Edwards, I received a call from John Belmont, a doctor at a Texas hospital, who was doing the enzyme infusions for one of the patients in our trial, Natalia. 
 
    “Emil, I have some bad news,” he said. His tone was somber and serious, and I knew something was really wrong. 
 
    “Natalia died today on a plane flight to L.A.” 
 
    I was stunned. Natalia Misiejuk was patient number eight and a severe Hurler child. She had been only five years old when she first came to Los Angeles for the trial, two years earlier. Her parents had moved from Poland to Houston in the hopes of finding a cure for their little girl. Dr. Belmont had connected them with me. 
 
    Even at the start, Natalia had very advanced disease. Once she received the enzyme, she had been doing better physically, but her improvement had plateaued. Her talking, which had gotten better in the first few months, seemed to have declined. The disease had already gotten into her brain. 
 
    On that Saturday, April 9, 2000, she apparently had a mild respiratory illness, perhaps just a simple cold. She had boarded a flight with her mom, Miroslawa, for the two-year follow-up appointment in Los Angeles. As the plane reached altitude, Natalia suddenly stopped breathing and turned blue. Her mother was shocked and tried to get her breathing again and cried out for help to the flight attendants. A doctor was on the plane and tried to help, but to no avail. The plane turned around and returned to Houston. 
 
    We’ll never know for sure why Natalia died, but it appeared to have been an unfortunate combination of her cold, her compromised system, and the effects of the plane’s altitude. Her parents, who were the very model of kindness and grace, had been so good with her. It was painful to imagine Miroslawa suffering through her daughter’s death in so public a manner, with everyone staring at her daughter lying in the aisle of the plane, the tragedy on full display. 
 
    The death of Natalia only steeled my determination to fight for life. Some might have felt that her death showed that we could not save patients with advanced disease. I learned to see a different story. Miroslawa and Edward had been able to feel they had done something to help their child improve. I never thought we could save everyone. 
 
    But it was such a positive experience for me, for her parents, and for Natalia herself, to see her happier and more comfortable, to be able to breathe better. Her parents had no regrets. They were thankful for their encouraging moments in the study and for the fact that their daughter was one of the first who contributed to the development of a drug. 
 
    Still, you treat someone hoping to save them. Death always feels like failure. 
 
    I wrote her parents a letter to express our sadness and frustrations at not being able to prolong her life: 
 
    “She came into this world with a special challenge that no one can fully comprehend. She lived her life in the warm glow of your love and, with her medical challenges, she no doubt brightened your own sense of love and life. I came to know her much later as the sweet child with songs, even as she took the medicine in her arm. We all thought we might have beaten this disease that challenged her daily and we hoped for the best. As things improved, we were heartened to think that we had, but it is clear that there is much more to this challenge than we could hope to completely reverse. 
 
    “We do not know exactly why she passed. I have to believe that there is a higher purpose for all of this, and perhaps what she has taught us about unconditional love and the precious nature of life gives us some consolation. Sadly, it still seems not enough to justify it all. We are still left to wonder why she came into this world with this disease and why she had to go. And so, even with all the thinking and understanding we can contrive, we are still deeply saddened for a loss that we cannot fully come to accept.” 
 
    I flew to Houston for the funeral. I arrived in the afternoon and went straight to the funeral home where Natalia lay, to pay my respects. The funeral home was a small place with a long corridor and an open room at the end. No one was there, and it was still and quiet. I could see 
 
    the casket at the end of the pews in the room, illuminated by a small spotlight. The casket was open, and I could see Natalia’s face from the door as I entered. There should never be funerals with such small caskets. 
 
    I walked further in, slowly, with increasing dread, my emotions starting to well up inside. As I got within 10 feet, I paused. My heart and throat tightened up progressively in my chest and then choked up. The tears in my eyes began flowing as if squeezed out of my body. My grieving was unleashed and not mine to control. Natalia looked like she always did, but maybe more peaceful. Silently, I desperately tried to rationalize why this was better for her, though it still felt like a lie I told myself to feel better. As I tumbled through this moment, cycling through rationalization and excuse, Edward, her father, suddenly appeared on my left. He touched my arm and spoke to me. I turned toward him, startled that I hadn’t heard him come in. He could see my eyes. His were equally glassy and red. 
 
    “Dr. Kakkis, I am so thankful you came to see Natalia,” he said. “I didn’t know if you would come. I am so thankful you made such a long trip for her.” He smiled, but I could not be consoled. I thought I had failed him and his daughter. 
 
    “Edward, I am so, so sorry we couldn’t save Natalia and that she died so suddenly like this. I just wish we had worked harder to figure something else out to stop this from happening. I just am so sad that…” 
 
    “Dr. Kakkis, you gave her life again. She was dying and you gave her life that let her feel better and be happier for a time. It was more than we had hoped for in her life.” 
 
    Edward was so sincere and kind that I had to feel better, but no matter what thanks I received, no matter what assurances I was given, I could not get beyond my feeling of failure. 
 
    Her death greatly enhanced my anxiety of what would happen if we did not get the approval for compassionate use. One by one, the 
 
    patients would die, and with MPS, dying is never easy. Often, it is a long and tortured process, involving weeks in the ICU, suffering through infections and invasive care. And then, there would be funeral after funeral, one small casket after another. I came back from Natalia’s funeral with renewed intensity to press forward. I could not tolerate more deaths, especially not of patients whom the enzyme would likely help. 
 
      
 
  
 
  
   
      
 
    Chapter 24: Compassionate Abuse • May 2000 
 
      
 
    As the year 2000 rolled on, the challenges at BioMarin and Genzyme continued, more families found themselves in crisis, and politicians 
 
    like Sen. Edwards increasingly took notice. Against that backdrop, an international conference for MPS patients was being held in Minneapolis in May. This conference brings MPS patient groups and families from around the world together in one location every couple of years to support each other and talk about research and treatments. Responding to demands from MPS patient advocates, including Mark Dant and others, the FDA had assigned its head reviewer, Karen Weiss, to attend the meeting and give a talk. The MPS community hoped this would help them to better understand the FDA’s perspective, and the FDA would hear and understand their point of view. It turned out to be more of a 
 
    one-way street. I don’t think Dr. Weiss ever talked to any patients or parents at the conference. My impression was that she did not want to be there. 
 
    Before her talk, Dr. Weiss nervously paced at the front of the large, tiered auditorium as MPS families and scientists filled in the rows of seats above. She was clearly uncomfortable. My impression was that she did not relish being in front of patients who would be impacted by her decisions and might subject her to their ire. 
 
    I sat in the tenth row in the middle, so Dr. Weiss and I were at eye level. Nearby, an MPS I kid, who was playing with a small red ball, lost control of his toy, and it bounced down the steps of the auditorium all the way to the podium level in front of the lectern. The kid scampered down to retrieve the ball— as best as MPS I kids can scamper—and returned to his seat with it. Dr. Weiss exclaimed, into the microphone, “Well, he doesn’t look that bad!” 
 
    I was shocked by the callous nature of the comment, and I was not alone. MPS families were frozen in silence and stared in disbelief that someone would make light of the condition of a child whose disease would kill him in a few years. Her comment represented an inauspicious start to this FDA “outreach.” 
 
    During her talk, Dr. Weiss made it clear what the regulatory requirements were for the FDA and how companies can commonly misrepresent data to make their therapies appear effective for patients, when they aren’t. She brought up the example of an ALS treatment, in which she said the drug makers had lied about the results to stir patients’ ire at the FDA. 
 
    I was pretty shocked she would take that approach. It sounded to me like she was trying to dodge responsibility for her decisions and blame drug companies instead. Her example amounted to a not-too-subtle accusation that we were lying to patients about our enzyme trial results. She claimed that companies will not publish their data to avoid peer review scrutiny, implying we had not submitted our data from 1998 for that reason. 
 
    Many MPS parents and I stewed during her talk, our anger increasing. I waited for her to come out after her session, so I could call her out at the top of the auditorium stairs. 
 
    “How can you possibly compare the results of an ALS drug with the enzyme therapy that we presented to you?” I said. I was very close to her, perhaps too close, glaring. “You are accusing us of lying about our data. That is just not acceptable. The problem is that you don’t have the training, skills or knowledge to interpret the data. You also don’t seem to understand how the combination of multiple positive biomarkers and clinical endpoints were compelling scientifically and highly plausible based on the mechanism. The patients in the trial know what it is doing for them. Are you calling all of them liars, too?” 
 
    The anger I felt inside must have shown. She looked afraid to engage me in a discussion and tried to defuse the situation by claiming she didn’t mean to imply we were liars. I felt she knew exactly what she was doing but didn’t have the guts to stand up for her ridiculous position when challenged. I did not let her off the hook, and she stepped away. 
 
    I learned something right there—a bitter irony that revealed much about the bind we were in. Karen Weiss thought that BioMarin and Genzyme were not publishing the first trial data to avoid public scrutiny. The ironic thing was that Matt Patterson, our head of regulatory affairs, had told me specifically to hold back publishing the data to avoid appearing to put public pressure on the FDA. 
 
    I had wanted to publish the data the year the trial was completed, in early 1999, to let everyone know of our results. At Matt’s urging, I had held back to avoid putting pressure on the FDA. The FDA interpreted it as if we were trying to hide the data. 
 
    After that meeting, I was fed up with waiting. I told Matt and the others that we were publishing the paper. He knew better than to try to stop me at that point. The paper came out in January 2001, in the New England Journal of Medicine. With that publication, it seemed impossible to deny that the therapy was working, whatever its shortcomings might be. Not only did the data tell a compelling story of the improvements 
 
    the therapy achieved, it was sufficiently novel and powerful to earn publication in the world’s top medical journal. 
 
    Having been quiet for so long, we were ready to tell our story. Two weeks after the publication of that data, the Los Angeles Times ran a lengthy story about the project, including Liz Neufeld’s long struggle as well as Ryan’s great progress on the enzyme treatment. That was followed by some fantastic national press, with Vicki Mabrey of CBS’s 
 
    “60 Minutes II” reporting an in-depth piece on the Ryan Foundation and our efforts to treat MPS I in April, and Reader’s Digest—at the time, one of the most-read magazines in the world—running a similar story in May. With Steven Spielberg’s 1998 Oscar-winning film “Saving Private Ryan” still fresh in everyone’s minds, both “60 Minutes II” and Reader’s Digest coincidentally gave their stories the same title: “Saving Ryan.” I thought the title made good sense. 
 
    As a scientist, I thought having a paper published in the prestigious New England Journal of Medicine would have the greatest impact, but I was wrong. The Reader’s Digest article reached tens of millions of people in many languages and many people cited the story as inspiring 
 
    them to find a treatment for their disease. My relatives in Greece read the story in the Greek version of the magazine and called my mother, who was mad that I hadn’t told her about the publication. 
 
    Even with this great publicity, we still faced a lot of hurdles, including at that conference in May, 2000, where I confronted Karen Weiss. At that very same conference, Genzyme staff had also organized a meeting with leaders of the MPS societies to talk about the notion of making the enzyme available for compassionate use while waiting for the Phase 3 study. Typically, I would know what issue the MPS advocates wanted to talk about beforehand, but no one had told me anything about the meeting’s organization or content. This raised my concern. 
 
    We sat in a room at a long table. I sat at one end, with perhaps six Genzyme and BioMarin staff interspersed among the MPS folks. The executive directors of the MPS societies expressed the great need for help, but also said they had concerns about managing a compassionate use program. They struggled with how hard it would be to choose who would get access to the therapy and the reaction that might elicit. They acknowledged that we couldn’t treat everyone in need, meaning we had to play God with people’s lives. They seemed truly afraid of the implications. 
 
    “How would we select patients? Would this cause great distress for patients and families not chosen? Who is going to deal with that situation?” 
 
    I was surprised to hear that the possibility of potentially saving a few kids might not be worth the trouble for them in managing the program. Wouldn’t they want someone to get the therapy, even if it couldn’t go to everyone in these still-early stages? 
 
    I suspected the discussion had been pre-loaded by someone at Genzyme or BioMarin who were biased against compassionate use at this point. It is hard to know who did what exactly, but I could tell that the companies wanted to focus on getting the drug approved. 
 
    I was truly saddened that we were even having this discussion. The risk in managing the program was greater than the loss of lives that could be saved? 
 
    Trying to capture the human toll of the situation, I reminded them of a scene from the movie “Titanic,” hoping to compel them to do the right thing. “Titanic” had come out in 1997 and was still fresh in most people’s minds, with its gripping depiction of one of the 20th century’s most infamous tragedies. 
 
    “I’ll never forget the scene when the ship is half sunk and the lifeboats are only half full,” I said. “The few lucky people huddled in those boats could hear the people crying out for help in the freezing water. The screams kept coming, piercing the night air. In the lifeboat, they argue about what to do, as they cannot save everyone and don’t want to take a risk for themselves. So rather than just taking the risk and trouble to save someone, they saved no one. They sat there, listening to the cries, until they finally died out. The shame of letting their shipmates drown was now tattooed onto the souls of the survivors.” I let that image sink in for a moment as heads around the table looked downward, unable to look at me. 
 
    “I don’t know what any of you would do in that situation, but I know what I would do,” I said, fire and indignation rising in my voice. “If I have the ability to save someone, even at some risk to myself, I will paddle that boat toward the floating passengers and find someone, anyone, we could save.” 
 
    My voice started to crack with emotion. “I could not let people drown who I might otherwise save. I would not let the inability to save everyone cause me to save no one.” 
 
    I stared at them all, with only a few returning my gaze. “Compassionate use is simply the same as being in that lifeboat,” I 
 
    said. “We have to try to save someone. That is the right thing to do.” 
 
    The room stayed silent for a moment. I may have had an effect on the position of some, and some maybe hardened in their position, but I had made my case. No one was going to deny me the moral high ground. 
 
    However, this didn’t have any effect on BioMarin or on Genzyme’s 
 
    U.S. program teams. Despite my attempts to manage all the issues they threw at me, they continually stymied my efforts. Earlier that year, we had established a Compassionate Use Steering Committee. I had prepared all the paperwork they required so we could discuss the program at our first meeting in July 2000. Despite all the evidence I provided, the steering committee decided more study was needed. I 
 
    expressed my frustration at the failure of the members to be up front and honest. They repeated over and over again the great worry that a patient treated on compassionate use would die and hurt the program, even potentially prevent it from ever getting approved, but they could provide no examples of this situation ever happening before. 
 
    Around that time, Fred Price, who BioMarin had hired as CEO earlier that year, convened an executive management meeting. As we often did, we met in a conference room with a somewhat strange table—it was long, custom-built, and nearly triangular, tapering to a point at one end. I sat at the pointed end and could see every person’s face as Fred asked the vice presidents: “What is the number one risk to BioMarin as a company?” One by one, each vice president said it was the compassionate use program I was proposing. I was dumbfounded. That’s our biggest risk, I thought? 
 
    Once again, the team had aligned against me. I shouldn’t have been shocked, but it was something else to watch them all agree with the idea that compassionate use would risk not just the whole program, but the entire company. 
 
    Fred then decided to proceed to the next item, but I interrupted, as I had not responded to his question. I asked, “Could this risk be 
 
    anything that puts the company at risk?” When he said yes, I seized the opportunity. 
 
    “First I don’t agree by any means that it’s the compassionate use program,” I said. “That program will have no bearing on our future. Our biggest and most important risk is how we analyze the primary endpoint data from the Phase 3 study, as the plan being proposed now would have a serious risk of failing. A failed Phase 3 trial for the enzyme therapy product would sink the product and the company. If we don’t get the best analysis plan, our clinical study could fail, and this would truly harm the development program and the company, even if the drug works.” 
 
    For most people in the room, this may have seemed like an arcane bit of statistical mathematics. But details of the analysis plan—the measures we would use to analyze the raw results of the study—would determine if the drug worked or it didn’t work. Those bits of math could sink the company. 
 
    Matt immediately interceded to say that we would work that issue out with Genzyme. We would get the right plan, he assured us. 
 
    He turned out to be wrong. We did not establish the right primary analysis plan, and this turned into a serious issue. The companies did exactly what the FDA requested, even though it was the wrong way to analyze the data. Yet no one but me could see this problem developing. 
 
    At any rate, it was clear I would not get any backing for compassionate use. Everyone at the company was against me. The management team had won, and I had to give in. At that point, I reached a critical juncture in my time at BioMarin. 
 
    I had vowed that, if I ever felt I had to compromise my moral or ethical position, I would walk. But now that I was in that situation, I had to think about the bigger picture. We had to get the enzyme approved, and everyone at the company was working very hard to do that. I had 
 
    to respect that commitment and effort. I felt I needed to be there to help assure that the approval happened. I had to see it through myself. While watching kids die who were too severe to make it into the clinical trial. That tragedy, I would have to endure. 
 
    I still felt tremendous pressure to see the process through. While all this was going on, Barbara Lyons, my clinical coordinator, had joined BioMarin as the patient and physician liaison, even while staying in Los Angeles. “Emails came to me from families and physicians literally all over the world,” she said. They would ask: “What do you have? What’s ready? When will it be ready?” 
 
    Barbara’s response was “heartbreaking,” she said. “I’d have to say: ‘We don’t have any news yet, but we will tell you when we do.’” 
 
    I still have an email I received from a reporter in Germany, citing a law there that allowed for unapproved medicine to be used in terminal cases. She named a three-year-old girl with MPS I whose mother “is convinced that she has nothing to lose in testing your new development, because her daughter is going to die anyway.” Parents and doctors had told the journalist that we weren’t providing the enzyme for “financial and business reasons.” She asked: “What do you say to this reproach?” 
 
    I don’t recall what, if anything, I said. What could I say? 
 
    Counting some of those cases, I had a list of about 10 patients on the urgent compassionate use list. Now I could not provide any enzyme to them. 
 
    One was a teenager from Croatia named Matu Olujic. He and his mother had flown all the way to Los Angeles to meet me when they heard about the enzyme. I had talked with them in our library in Bungalow E4 and given them some information about the therapy, which was not available. Matu’s mother, an enterprising woman who would not take no for an answer, looked for another way. When I left the room to get them some information, she turned to Barbara and asked, “Can you give Matu a little enzyme when the doctor is not here? It wouldn’t be much, I think.” 
 
    Late one night some months later, I received an urgent call from Matu’s sister, who was frantic, because her brother had been found unresponsive and not breathing. He was resuscitated and was rushed to the hospital. She begged me to send them the enzyme. But I had nothing to give, and even if I did, it was now impossible. I had to tell them we could not do it. 
 
    She told me Matu looked bad and wanted my advice on what to do. I tried to be supportive as a doctor, although I was crushed inside, hearing about this kid’s crisis after meeting him at my bungalow. 
 
    After a few minutes of discussion of his condition and her options, she mentioned that she had heard Matu’s doctors talk about his pupils being very large and asked whether that was bad. This was dire news. 
 
    When the pupils are dilated and fixed, it suggests the brain is not getting 
 
    enough oxygen. Her brother was most likely brain dead. What could I tell her? 
 
    Matu died soon after. He was the first victim from our failure to provide compassionate use treatment. 
 
    I also talked to another parent of an intermediate-type patient on the list in New York. The patient had a very large liver and difficulty breathing, and those symptoms would most certainly improve if we could treat her. I had to tell the family that we could not get her treated with compassionate use, as I had hoped. The mother was stoic, as she had doubted we could ever do it or that anyone would help save her child. It felt worse to know she never even believed our desire to try. 
 
    Her daughter died within a few months of that call. A second victim on the list. 
 
    As all of this was transpiring, there was another crisis among the initial study participants, who continued to receive the enzyme 
 
    every week. All were doing well. Heather Creel, the second patient in the study, had been feeling much better. But MPS ravages the body, causing many complications even the enzyme cannot cure, once they are set in motion. 
 
    In Heather’s case, it was a crooked back that had plagued her for many years. By the summer of 2000, Heather Creel was 14 years old, living in Alabama and getting excited about her improving ability to breathe, move, and get about. She had just gone shopping for clothes with her mom in anticipation of the coming school year. But even 
 
    as her other problems improved, her scoliosis was getting worse. The degree of curvature reached a point where it seemed she needed something to stabilize her spine. This typically means spinal fusion surgery and the insertion of metal rods. I was terrified of her going into a major surgery. I talked with her parents about how MPS kids have more complications than any other patients. Surgeries can be particularly dangerous for them. Just the anesthesia can cause spinal cord compression, and surgeries themselves have a tendency to fail. I hoped that being on enzyme would help her get through it, but her bones were in a bad place when this all started. 
 
    I asked to talk with the anesthesiologist and the surgeon. I warned the anesthesiologist about protecting her neck and to not extend it, 
 
    to prevent cord compression. I advised him to talk to people at the University of Minnesota, who have a lot of experience with anesthesia in MPS. I talked with her orthopedic surgeon as well. Surgeons tend to want to do the very best surgery and “fix” the problem completely. I advised him to not be a hero in this case but do the minimum possible to stabilize her. In the case of MPS, “excellent” surgery can be dangerous. I think he understood. 
 
    Heather had her surgery, and I found out from her family that she had a complication. She was losing feeling and movement in her body immediately post-surgery, and she had to go back to the operating room to remove the hardware. 
 
    The next few days, her problems seemed to get worse and worse. After many imaging tests, it appeared she had a small blood vessel rupture, diminishing the blood flow to her spinal cord. Without blood flow, the spinal cord cannot function or survive, just like the brain after a massive stroke. 
 
    Heather’s condition worsened. She was in terrible pain and unable to move below the neck. The ischemia on her cord—the restricted blood supply—was rising up and going to her brain. I did not know where this was going. but I could not see a way out from this complication. 
 
    A day later, I got a call from George Tiller, the geneticist at Vanderbilt University in Tennessee who gave Heather her weekly enzyme infusions. He started slowly, telling me about the last day, about Heather’s extreme pain and the fact that her spinal cord was infarcted. 
 
    The tissue was dying without a blood supply, and the problem was progressing upward to affect her brain. She was in so much pain that she told them she wanted to stop. Dr. Tiller said they asked her again specifically, did she want them to take her off life support? She tearfully nodded yes, unable to speak. 
 
    Dr. Tiller had paused and was now sobbing on the phone, and I was, too. “She decided she had to end her own life and was awake, feeling it happen to her as her body failed,” he said. He was crushed by the young woman’s awareness of her dying. My heart broke for this girl, so ravaged by disease when I had picked her up at the airport all those months earlier. She had bounced back, had been excited by school and clothes, like any young girl should be—only hit a horrific, unexpected medical complication, something fate so often holds in store for MPS patients. 
 
    By that time, I had received at least three calls from Sen. John Edwards, at intervals of a few months. The last one included my admission that the compassionate use program was not going to happen. He was quite annoyed at what he perceived as intransigence at helping his friend’s child. I noted that the teams at BioMarin and Genzyme just didn’t think it was a good idea, but I could not tell him the whole story. Edwards said, “Well, it looks like I have been talking to the wrong person. I will talk with Mr. Termeer of Genzyme instead.” 
 
    Henri Termeer was the founder and CEO of Genzyme and a legend in the biotech industry. I never found out just what Edwards said to him, but apparently Henri agreed to treat Caroline Vermillion with compassionate use—after months of his team obstructing the very idea. 
 
    I had to wonder whether a conversation I once had with Henri played a role in this. Months before Sen. Edwards contacted him, I had been in Cambridge for a meeting at Genzyme’s headquarters and took the opportunity to meet with Henri to talk about the responsibility of companies to patients and their life crises. I brought up a story he knew well, about a Gaucher patient in Illinois who had switched insurance companies and only then found out he was denied coverage for his Cerezyme treatment—Genzyme’s pioneering but expensive enzyme drug for Gaucher syndrome. Someone from Genzyme in Illinois had told the patient that, if the insurers wouldn’t pay, the patient wouldn’t be able to continue receiving the treatment. The patient contacted local media, which blew it up into a national news story, including congressional attacks and an investigation. 
 
    I pointed out to Henri that his truly heroic work in creating Ceredase and Cerezyme had saved the lives of thousands of Gaucher patients, yet the company’s reputation had been harmed by this one, high-profile case. 
 
    They should have just guaranteed the patient access to treatment and had faith in his health care team to get it worked out with the insurance company. In the end, the treatment was in fact covered, and the patient never missed one dose. 
 
    Sometimes a company makes its reputation not necessarily by saving thousands of patients, but by what it is willing to do for one patient. 
 
    Henri appeared moved by our conversation, and I felt I had reached him. 
 
    Whether this laid the groundwork, or whether John Edwards, a famously successful trial lawyer, had used his mighty powers of 
 
    persuasion, Henri overruled his team. With Henri’s agreement, we treated Caroline, and I was very happy we were able to do it although we were very delayed for her. 
 
    I talked with Caroline’s mother, Diane, afterward. She, like Sen. 
 
    Edwards, concluded that they had been talking to the wrong person all this time. Hearing this statement from a parent was like a dagger in my heart. I hated being the wrong person when I tried so urgently and painfully to be the right one. 
 
    Caroline initially improved, although she was a severely sick child. 
 
    After a few months, she started having a problem with fevers after infusions, and her doctors thought it might be an allergic reaction. It turned out the indwelling catheter had become infected. This infection spread throughout her body, and she never recovered. Her death was reported to the FDA and—contrary to the dire predictions I had endured for all those months—her death had no impact whatsoever on the development or approval of our enzyme. 
 
      
 
  
 
  
   
    Chapter 25: The Multi-Million Dollar Gamble • 2001 
 
    The deaths of Natalia Misiejuk, Matu Olujic, and Caroline Vermillion heightened my frustration with the delays in the program and the ongoing debates over compassionate use. Even with children dying, the companies would not open up the therapy for further compassionate use but just wanted to focus on the development and approval of the drug. 
 
    That may have been a rational view, but was hard to accept when you have to take calls from families experiencing irreversible tragedies. But as I was unable to do anything about it, I had to set that battle aside, 
 
    to keep my eye on the bigger picture: designing a randomized, double- blind study that the FDA would accept for the approval of this therapy. This represented a daunting challenge. To approve our enzyme, the FDA would want to see tests it would recognize and which had been used for approvals in studies in other diseases. But this was a study for a disease which had never been treated. 
 
    In what felt like an endless series of meetings, a small group of people from BioMarin and Genzyme started searching for an answer to the issue of what to measure. Along with Matt Patterson, who was 
 
    always around and provided the regulatory guidance, our group included David Meeker and Pedro Huertas, two key physicians from Genzyme. 
 
    They were at opposite ends of the spectrum in temperament and style. David was the more senior. He conducted himself with the reasoned, 
 
    controlled emotions of a professional, with the added bonus that he also had a compendium of knowledge about medicine and clinical studies. He could reference trials and measurements or endpoints from other programs that gave substance to his arguments. 
 
    Pedro was a fiery, more reactive personality. Although he was very intelligent, his opinion of his knowledge and skill usually outpaced the reality. I could be pretty reactive myself, which often left David trying to maintain the peace between nitroglycerin and TNT. David’s goal was to move the program forward with rationality, constantly pushing me to 
 
    realize what I did not know. Pedro just made it all painful for me. I was a physician-scientist, but not yet a drug developer. There is a difference. 
 
    The first thing we had to come to grips with was the use of a placebo to compare with the actual therapy. A randomized, double-blind study is one in which a patient is assigned to be given either the enzyme treatment or a placebo (an infusion of saline with no active ingredient) 
 
    and where neither the doctors nor the patients know who is being treated with the real medicine. This is the gold standard for clinical trials for good reasons. When people take a treatment they think is medicine, even if it has no active ingredient, their condition often improves, in what’s known as the “placebo effect.” But if you compare two sets of people with the same condition—half of whom get the medicine and half of whom get the placebo—and neither set, nor their health care providers, know what each are getting, then any effect in the treated group is proven with greater certainty. 
 
    However, as Mark Dant had instantly grasped, imposing such a scheme on children with a rare, life-threatening disease, using a therapy that required weeks of painful IV placements and hours of IV infusions while the patients’ health declines, seemed not just cruel, but downright unethical. Given that we had data to support that the treatment was effective, how could we justify giving patients a placebo? 
 
    From the FDA’s standpoint, we hadn’t proved anything, but from our own experience, we knew the drug was having a beneficial effect. How much harm could occur during a six-month placebo treatment period, even if those patients did get treated right after that? Scientifically, placebos make sense in conducting experiments, but it still means someone is undergoing all the rigors of a study while not receiving any medicine. 
 
    The FDA wanted us to measure clinical problems in the patients, and they wanted to make sure that the observations were not biased by the doctors, or by the patients knowing who received medication. It was a legitimate concern: If you measure how far patients walk, or how far they can move their arms, and both the patients and the doctors know they are being treated with the enzyme, optimistic thinking might alter the measurement, making it look better than they were. Such skewing does happen, which is why the FDA would not accept some of the 
 
    data from our first study, such as the increased range of motion in the patients’ shoulders. 
 
    I felt the FDA was being too skeptical and not seeing the big picture regarding the whole set of changes observed. I found it hard to imagine how the changes we saw in so many of the patients could have been a result of optimistic evaluators hoping for improvement. But the standard the FDA expects for proof of efficacy is a double-blind study, and that is what we had to do. 
 
    In a study to prove that your drug works, you are forced to pick one or two primary “endpoints” that will determine if the drug works or not—the standard scientific methodology of testing a hypothesis in clinical trials. Our one advantage was that we had already done one study and seen a number of improvements: the joint range of motion, height growth, weight growth, breathing during sleep, vision in some 
 
    patients, and total breathing volume in one patient. We also heard stories from patients about how they could walk further. They all claimed to have more energy, but we did not have a way to measure that. 
 
    Given the hang-up we had just had with the FDA, BioMarin regulatory affairs and Genzyme wanted to employ endpoints that the FDA had used for other drug approvals and just adapt them to our disease. Their argument was that this tactic would make it easier for the FDA to accept the measures, even if it left us with the burden of figuring out why those endpoints were relevant to MPS. 
 
    I thought we should focus on things that MPS doctors knew and measured in MPS patients. Sleep apnea, which causes breathing problems at night, was one of those measures. As their airways constrict, patients stop breathing for moments during the night. These episodes, caused by blockage of the upper airways in the throat, force the heart to work harder, as the oxygen dips to dangerously low levels. 
 
    It might seem obvious that, if a treatment reduces the number of times you stop breathing, it has value. But the FDA had never before used this endpoint in a drug study, and therefore had no insight into how much of a change in breathing at night was clinically significant. I found this hard to understand, given that thousands of doctors and sleep specialists are diagnosing and treating sleep problems all the time, using just this measure. They had established abnormal levels and measures for improvements that were significant—just not in MPS patients. The treatments they used, procedures like tonsillectomy or tracheostomy, did not require FDA approval, so from a regulatory standpoint for 
 
    drug development, using those measures was “new.” We therefore had no ability to prove the value on the clinical outcome. In other words, because we couldn’t establish how often MPS patients died of heart failure due to sleep apnea, we couldn’t prove that the therapy was effective in those patients who received the treatment and didn’t die. The fact that this had been proven in other populations had suddenly become irrelevant for patients with MPS. I found the logic unfathomable. 
 
    We then considered the joint stiffness these patients have that limits the motion of the arms and legs. It seemed obvious that stiffness restricts movement and reduces function. Measuring the maximum range of motion could show a change in how well patients move, but again, it had not been used before, so we had no way to say how much change was meaningful. Being able to use your arms to do things on your head, like brush your teeth or hair, was important to the patients, but could we hang a number on how important it was? In addition, not everyone had the problem to the same degree, which created another challenge: variability. 
 
    As we worked through the possibilities, it became clear that we had to use something that was both new for MPS and known and accepted by the FDA. This was a first lesson on how confidence from precedent could often be more important than new, uncertain measures in getting a medicine for a rare disease approved. This struggle persisted for our enzyme and for many other rare disease drugs. 
 
    David Meeker, Pedro Huertas, and I spent many hours together working on what we should do. Articulate, calm and confident, David had started to convince me, mostly by making me realize that I did not know enough about clinical studies to make the decision. As a pulmonologist, he was particularly interested in the vastly improved breathing results we had demonstrated with one patient, Greg Day. We had done a test, asking Greg to blow out as much air as he could. The difference from before the therapy to after treatment was fantastic—not only in measurements, but also in seeing how well Greg could walk without getting winded, compared to the “turning blue” emergency he suffered when he walked up the stairs to the labs on his first visit. David considered whether we might use this breathing test as an endpoint in all patients. 
 
    Patients improved, because their enlarged livers shrank, and we knew for sure that the enzyme was making livers smaller in everyone. The FDA had not considered that normalizing liver size was clinically meaningful, since MPS patients don’t die from their liver disease. Of course, that’s only because something else kills them first. 
 
    However, it seemed reasonable to conclude that shrinking livers would reduce the pressure on the diaphragm, resulting in more air reaching the lungs. The enzyme could also be having a direct effect on the lung tissue, something we had observed in MPS I dogs. 
 
    David’s idea seemed realistic, and we had some data on breathing. Pulmonary function tests measure how much air can be blown into a tube, a fairly reliable measure of how well the lungs are working. The test was known as forced vital capacity, or FVC, which is all the air in the lung that a patient can blow out. This often went in tandem with forced expiratory capacity, or FEV, which is the amount of air blown out during the first second of the big air blow. 
 
    We could not be sure that the same degree of effect would happen with everyone, but we felt confident that at least some benefit would occur. 
 
    Most staff at Genzyme and BioMarin were comfortable that lung function measures were acceptable to the FDA, as they had been used to approve many medicines for asthma, cystic fibrosis, and other diseases. Lung function would not be a new endpoint. But was this enough? 
 
    A number of our patients had told us how much the treatment improved their energy. Jennifer Nelson said that, before the trial, she could not keep up with her family and so never walked much. After treatment, she could walk around the entire park near her home and would even beat her mom. Spencer Holland and his family went to Disneyland on one trip to our lab, and his mother Amy marveled at how Spencer walked the entire park, all day long, without getting tired or complaining. It felt like a miracle. Heather Alicia Creel, the 12-year-old from Alabama, sent us a video of her running around her school’s gym, for the first time in her life. She was so proud that she could move her once-stiff legs and had the energy to run around the basketball court. 
 
    Considering this, David came up with a six-minute walk test, which had been used in studies for treatments for both a rare lung disease and for heart failure. The test is simple enough. A doctor determines how far a patient can walk in six minutes on a track about 10 yards long. The patient is supposed to walk back and forth down this track as many times as they can during the six minutes, and the observer measures the distance traveled. 
 
    We figured that the reports of increased energy level, as well as walking better and showing more endurance, might translate into walking farther. But we had not measured it before, so it seemed a risk to run a study on it. The amount of effort the patient would put into walking would influence the result. These were children. Some random factor—feeling annoyed at their parent that day—might change their motivation to walk, thereby skewing the result. 
 
    My fear mounted that if we did not use at least one of the known improvement measures from the first study as a primary way to assess success in the second, we would be betting completely on things 
 
    we had never studied before. It seemed incredibly risky to me. We would be taking a huge gamble with a one-shot, multi-million-dollar experiment. To make the new product and conduct the study cost about $300,000 per patient per year, for 45 patients for more than two years—more than $27 million for the trial costs alone. 
 
    We met with the FDA by phone to discuss the design of the study, with the BioMarin and Genzyme teams listening in. As expected, we received negative feedback on many of the measures we had used in the first study. We proposed a design that included the FVC test and the six-minute walk test as clinical measures, even though we were not clear on how we would determine success. We were also uncertain about how big the study had to be. 
 
    P.K.Tandon, the head of statistics at Genzyme, considered these problems and concluded we needed to do a survey study to measure the FVC and six-minute walk test in a large number of MPS patients. That would tell us how much variation there was and which patients we should select. I had not heard of such a study before, but it sounded simple enough: Just get the patients to come to a clinic and measure their walking and breathing. This would tell us how abnormal they are and how much they vary from one to another, which in turn should show whether enough patients have the problem to make studying it worthwhile. This type of survey had never before been done with MPS patients. 
 
    The idea seemed sound, but I was concerned that conducting this study in a large number of patients would delay everything. But as it happened, we encountered some roadblocks switching our manufacturing plant, and we suddenly had downtime. 
 
    The plan was to enroll patients for one day at a clinic near where they lived, to measure their breathing and administer the walk test. We measured about 120 patients at sites in the U.S. and Europe. The data revealed just how variable the patients were. 
 
    We had some patients with only 16 percent of normal pulmonary function, meaning that more than three-quarters of their lungs were useless. Others were nearly normal. For most, the measurements fell somewhere between those extremes. For the six-minute walk test, we had patients who could walk only a few meters; others walked 500 meters or more. A number of patients had normal walk tests, but still showed poor lung function, while other patients registered poor walking distances 
 
    but pretty good lung function. I knew the disease was variable with both severe and mild patients, but I had not realized how extreme the levels of function could be. If we selected only patients who had both bad pulmonary function and poor six-minute walk tests, we would eliminate 75 percent of our potential pool. 
 
    In the end, we decided we should just focus on the lungs and select only patients whose breathing tests showed poor results. It seemed likely that lung function should get better in most patients, just because the liver gets smaller and presses less on the lungs above. The walk test, however, seemed way too uncertain to use. 
 
    With Matt doing the regulatory work, the team proposed a single primary endpoint study to the FDA. We were surprised to hear back from the FDA’s Marc Walton and Dwaine Rieves that they wanted both endpoints. They viewed the walk test as more clinically meaningful, and said the lung function test alone was not enough. 
 
    The team—Matt, David, Pedro, me, Karen Walton-Bowen (our Genzyme statistician) and the rest—had to figure out how to do a clinical study testing two measures that we had never studied before in these patients. If the study failed—either because of the unpredictability of these measures, or for some other unexpected reason—the treatment might never be approved, as we would be unlikely to get a second chance. 
 
    The FDA also gave us directions on how to analyze the data. This development created huge anxiety for me. We were asked to use a data analysis technique that was not optimal for the complex, variable data we would get from school-age kids, teenagers and adults—patients whose severity levels varied greatly. The real possibility existed that we would study a treatment, which we already knew worked, and would fail to show its effectiveness for statistical reasons, because the patients were just too different from each other to compare. 
 
    This was exactly the problem that I had warned the vice presidents about at that management meeting, when everyone said compassionate use presented the biggest risk to the company. Using the FDA’s proposed analysis method meant the study could very easily fall short—that some people could improve greatly on the enzyme, but if there was lots of variation between young and old and severe and less severe, the analysis might fail to show significance. And if that happened, the company 
 
    was in jeopardy. But at that point, the regulatory view at Genzyme and BioMarin was to just agree and use the FDA’s preferred analysis, 
 
    thinking it would keep the FDA happy, even if it was clearly the wrong one. 
 
    With everything that had happened that year, I began to wonder if the project was starting to careen out of control. Step by step, we were 
 
    taking on more and more risk. Ten years of work could be destroyed by a few bad choices based on too little information. 
 
    That battle, however, had been fought and lost. I decided I had to try to do the best I could with the situation. I strived to make our analysis of the walking as meaningful as possible. Matt, Stu Swiedler, and I talked about how we could maximize our ability to see results in a study that measured how far people can walk when comparing patients as young as five years old with 40-year-old adults. We worked through some changes to the analysis that I hoped would improve our chances. 
 
    One of the analyses for the walking test that I really wanted, because it was more powerful at detecting change, was eventually added as 
 
    an exploratory test to appease me. This meant that, in addition to the analysis that the FDA wanted to see, which it typically uses to decide things, we could supplement with an analysis which would be much better to control variation in age or severity. But this additional analysis would be labeled as exploratory. I didn’t know it then, but the inclusion of the exploratory analysis for the walk test would turn out to play a critical role. 
 
    With the study finally designed and the FDA in agreement, the team that had to run the study started putting the bits and pieces together. 
 
    Unlike our first study, in which we brought a handful of people to one clinic in Los Angeles, we now faced the daunting task of assembling an international clinical study, with many patients, doctors and hospitals in multiple countries and languages. 
 
    The BioMarin team abdicated the control of the study to Genzyme, primarily because Matt and others were concerned we could not handle the challenge of conducting a rigorous phase 3 study. But although Genzyme had stated the program was important, other projects were clearly more critical for them, including an ongoing battle with a competitor company on Fabry disease treatment. 
 
    BioMarin was in charge of making the enzyme and had their own problems in producing enough of it, particularly during the shift to a new manufacturing plant with a new production process. This change caused the FDA to require us to do another cross-over study, in which they wanted us to take the patients on the current enzyme and move them to the new enzyme, showing that it worked the same. That additional study threw a wrench into our plans, but the FDA wanted it, so we made it happen. 
 
    At last, we were ready to get the big Phase 3 study started. It was the end of 2001, around two years from the November 1999 meeting, in which the FDA had refused our initial attempt at approval. After losing 
 
    two years and several patients, I could not wait any longer. The Genzyme staff were hesitant to push the sites to enroll quickly, not wanting to 
 
    put too much pressure on them. They also did not want me contacting investigators directly, but I felt compelled to do so now. I called all of them, one by one, in the U.S. and Europe, and implored them to enroll their patients as fast as possible, that the program depended on it. They heeded my call, and I was very grateful. Ed Wraith in Manchester, England, one of the greatest MPS clinicians in the world, got his entire clinic staff lined up and enrolled 12 patients in a two-week period. I loved his drive in heeding the call and getting it done. 
 
    Between the cash crunch that was hitting BioMarin and the situation for patients, we felt pushed to the edge. The company raised some money through the sale of new shares, and in 2001, brought in a new product 
 
    in a business deal that enabled us to raise millions more dollars. This resuscitated them financially. At the same time, my colleagues around the country and the world enrolled 45 patients at six sites in England, Germany, the U.S., and Canada. 
 
    The two Holland girls, Maddie and Laynie, were enrolled in the study, although as with all patients, I did not know whether either one of them were on placebo or on drug. I didn’t know most of the participants, although I knew two boys from Missouri, Sean and Cody Merrell. 
 
    Greg Day’s brother Scott could not participate because of an unfortunate turn of events just before the study started. He was getting a corneal transplant, and his mother, Linda, said the anesthesiologist didn’t listen to Scott’s warnings about his MPS. He had a problem with 
 
    his anesthesia, and they had to put in a tracheostomy. He was transported from Montana to Salt Lake City while he was intubated and sedated. 
 
    He woke up in a different hospital with a tube in his neck. “Oh my god, it’s horrible to wake up with a trach,” Linda said. “They can’t promise you if you’ll ever talk again,” He also lost his chance at the cornea. The tracheostomy then prevented him from entering the study. Things like that kept reminding us of the terrible toll of MPS. 
 
    Would our new endpoints work? Would we show the drug’s benefit? Had we done the analysis right? The next six months would tell. Some patients started receiving the enzyme by IV infusion every week, while others were given placebos. Every six weeks, their doctors tested their breathing and their walking, noting the results. After six months, they spent another eight weeks crunching the data. 
 
    I began to imagine the devastation that might happen if the design was messed up somehow. I knew the enzyme therapy worked, but did we do the test right? Would we meet the FDA’s expectations this time? 
 
    Would this 45-patient, $27 million-plus study—on top of tens of millions already spent—show us what we hoped? I was not in the loop on the 
 
    day-by-day details of how patients were faring, so for me, it was months of agony. 
 
    Finally, the day arrived to see the data. Stu Swiedler and I flew to Genzyme’s headquarters in Cambridge, Mass. for the study result 
 
    “unveiling,” or, as we call it in biotech, the “unblinding.” The company breaks the blind, announcing which patients were on the drug and which were not, and then reveals how the test results compare. 
 
    The Genzyme team was straight-faced and appeared dour when we entered the conference room at Kendall Square, Genzyme’s headquarters. Stu and I were led into a room with large three ring 
 
    binders in front of us. I looked at the binder, white and shiny, and knew our fate was in there. 
 
    Karen Walton-Bowen, the statistician, started the presentation in her polished English accent, and we opened our binders. She was 
 
    going through the pages one by one, in a painfully slow review of the background and details, which we didn’t care about. What happened to the breathing and walking? I raced through the descriptive nonsense, flipping the pages to try to find the actual statistical results. I could not find it easily. Where was the number, the “p-value,” which would tell us if the results were significant or not? 
 
    Karen continued her slow methodical walk through the background, oblivious to our frantic search for the numbers. Then Stu kicked me under the table. 
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    Stu Swiedler must have found the page, or he wouldn’t have kicked me. But he did not say anything, and I couldn’t tell what he was signaling. Was it good or bad? Meanwhile, Karen Walten-Bowen 
 
    continued to tease us with her slow sweet pace, without betraying a trace of positivity or negativity. 
 
    “What?” I whispered. “Where is it? Where?” 
 
    My mind raced, but I couldn’t ask anything else, with all eyes in the room on me. Where was the result? I flipped the pages between the tabs, looking for the key table. Stu seemed happy, but he was hard to read sometimes. Bad results can also be taken with a cynical smile. And I still could not find the page. I was searching for the p-value, the measure of probability, which is the outcome of a statistical analysis of the data. If the p-value is 0.05 or less, then the result observed could have happened by random chance less than 5 percent of the time. In other words, the drug did its job. That is the level of certainty that the FDA usually wants for a study to be viewed positively. Unlike most studies, we had two primary endpoints, but it was not clear whether we had to hit both of them with that degree of accuracy, or if just one of them would be okay. 
 
    Patients needed their lung function measure—how much air someone can blow out at full breath for at least three seconds, known as the forced vital capacity—to be less than 80 percent of normal in order to get into the study. The patients enrolled in the study wound up even lower than that, with an average of 50 percent of normal lung capacity. That meant these MPS I patients in the trial were basically working on only half the normal lung capacity. Practically speaking, it was as if they only had one lung. Had this improved enough to be significant? 
 
    The other primary endpoint was how far the patients could walk in six minutes. That sounds simple enough, but the 45 patients in the 
 
    trial ranged in age from 5 years old to 42 years old. That meant we had to measure the walking distance in meters during a set period of six minutes for everyone, from little kids to middle-age adults. When talking about how far you can walk, your age tends to matter, as well as your desire to follow the instructions. We could not select for patients who had impaired walking to see if we could make them better, because there were too few people that had both bad lungs and bad walking at the same time. So we selected patients with bad lungs, and then took all comers 
 
    on the walking part. It turned out that the distance patients could walk in six minutes ranged from about 50 meters to 500 meters before any treatment, so at the upper end some patients were essentially in or near the normal range. About half the patients walked less than 300 meters, which would have made the group more walking-impaired. 
 
    Along with the measurements, we had to calculate the statistics to assess the probability that the change observed in the treated group was better than that of the placebo group. How you do the statistical analysis matters, as we ultimately saw. 
 
    Karen must have finally sensed my pain, because at last she stopped and just noted the page number with the key result that told us what happened. I found the page and looked for the p-value. 
 
    The treatment had worked on lung function. The result was clearly positive. The lung function test was 0.025, which was below the 0.05 level. The patients had about an 11 percent relative improvement in their breathing, which was a good effect. And the walk test was very, very close to a positive result as well at 0.066, just a little above the 0.05 cutoff. Dave Noskowitz, the Genzyme regulatory affairs director, saw the 0.066 result—infinitesimally bigger than the 0.05 cutoff—and said, 
 
    “I’ll take that.” His comment revealed some satisfaction that we actually were close, and perhaps that they had not really expected it to work. 
 
    On average, the treated patients walked about 42 meters farther in six minutes, compared to untreated patients, which was also a good effect. 
 
    The lung result p-value of 0.025 meant that there was a 2.5 percent probability that the result we saw on improved lung function in the enzyme-treated patients was due to chance rather than the drug. For the walking, it was a 6.6 percent probability that the increased distance was due to chance alone. Flipping those figures in a way more familiar to laypeople, this meant it was 97.5 percent certain that the improvement in lung function was due to the enzyme therapy, and the correlation between our drug treatment and the improved walking was 93.6 percent. Looking at the underlying data in the graph, it was clear it was working. At each time point we measured, the treated patients got better and the placebo patients actually got worse, as we measured repeatedly over time. The consistent pattern made it clear that it was a treatment effect, even though the p-value of 0.066 was technically a little larger than the 
 
    0.05 threshold, or below what is required to claim success. So we had a positive lung test with a good pattern of response, and a walking test that just missed, but also with a good pattern of response. And just as in the first trial, we found that GAG sugars in the urine decreased dramatically. (We didn’t measure liver size, but we could see the livers shrinking as well.) After all that drama, Stu and I felt relieved. 
 
    Looking at the other data was more complicated. Other endpoints, such as shoulder flexion motion, did show improvement, but were not statistically significant. But we had explanations for that. Not all of the patients we had selected had problems with their shoulders at the 
 
    beginning, so how could one expect them to show improvement in that area? If you looked at only the 50 percent of the patients who had more shoulder restriction at baseline (essentially, they couldn’t move their arms higher than straight across in front of them), those people did get better statistically. 
 
    The same was true for those with sleep apnea. Patients with the problem of blockage in breathing during their sleep at baseline, about half the group, did show a statistical improvement when treated. Those who didn’t have the problem, naturally didn’t get better. So, if you have a problem, walking, sleeping or moving your arm above your head, then the treatment made you better. If you didn’t, then it didn’t change you. 
 
    Not so surprising, we thought. Statistically, though, this caused a hitch, because we were required to analyze everyone, regardless of whether they had a problem when they entered the study; one more irrational FDA rule we had to follow. 
 
    During the next few hours, we worked through all the details of the study results, page by page, looking at all the data and the graphs. We then prepared a summary for the leadership team. By the time we presented the study to Genzyme management that afternoon, we all 
 
    were more comfortable that the FDA would accept this data as proof of efficacy. 
 
    We announced the results in a press release the next day. We struggled with what to say, as we had to strike the right note of optimism, without appearing to declare victory before the FDA review had occurred. Once that was public, I contacted our families from the first trial to let them know what happened, which I enjoyed a lot more. Mark Dant was truly happy the trial worked out. He expressed relief that Ryan would not have his special status for much longer and that other kids would be joining him in feeling the benefits of treatment. 
 
    The Hollands had faced their own particular tests. With three MPS- affected kids, all diagnosed within a short period of time, the Hollands showed a special strength in holding their family together and enduring all that was going on. It was clear to me that a strong faith in God was at the core of their ability to withstand the Job-like onslaught of misfortune and deal with it with both humor and earnest problem-solving, step by step. 
 
    They had put both of their daughters, Maddie and Laynie, into the Phase 3 study in Chapel Hill, N.C., where Joe Muenzer could oversee their treatment. They moved to North Carolina for the trial so that they could cut down on the children’s travel, given the many clinic visits required. Steve Holland commuted to his job in Fort Worth and to meetings of the River Oaks city council. Occasionally, the family headed home for a break. Despite the challenges of this arrangement, on top of 
 
    a life that had already provided incredible challenges, they managed to maintain an even keel and keep their spirits afloat. 
 
    As the infusions began, they quickly realized from what they saw that Laynie was getting better each week, as Spencer had before, while Maddie was getting worse. The difference was apparent the night after Laynie’s first infusion, when she exhibited very high energy and could not go to sleep. Amy noted that when the family first flew to Chapel Hill, “we had to push both kids in a large double stroller through the airport, since it was too far, and they were too tired to walk down the terminals. On a trip home after a couple of weeks later, Laynie not only walked through the airport, she pushed Maddie in her stroller through the entire airport herself. Her increased strength and stamina were evident.” 
 
    Steve and Amy knew then that Laynie was getting the treatment and Maddie wasn’t. It was torture to watch, as one got better and one got worse, but that is the nature of a placebo-controlled study. 
 
    Now that we had the Phase 3 results, it was great to share the good news and the relief that we had gotten past this difficult step. After the six months, all of the placebo patients were crossed over to receive the enzyme, while the others continued on the enzyme. We found out that, like the Hollands, every single one of our 45 patients or their parents guessed correctly whether they were on drug or placebo in the first six months. Those on the placebos could immediately tell the difference once they switched onto drug treatment. 
 
    After the Genzyme meeting, I flew back to San Francisco from Boston, elated and relieved. The enzyme trial had worked. I had been working on this program for 11 years by then, my entire professional career. 
 
    Back in the BioMarin office the next day, we began the work of putting together the package of information for the FDA. A meeting was set. I hoped that this time, we would conclusively make the case for the enzyme therapy and get an agreement to file for approval. I did not see how they could deny the efficacy, based not only on the statistics, but also the pattern of response across all endpoints. 
 
    We sent the package in and one month later boarded our flight to DC. Genzyme’s team included Dave Noskowitz and Alison Lawton, who was the senior leader in Regulatory Affairs, as well as Gerry Cox, a geneticist from Boston Children’s Hospital, who had just joined Genzyme as medical director for clinical development of rare disease treatments.We reviewed our plan, choreographing who would say what and when they would say it. Matt Patterson would emcee the event, as always. 
 
    As we arrived at the FDA building, we all felt pretty confident. That feeling didn’t last long. 
 
    We filed into a room with chairs scattered about and a long set of tables, and Karen Weiss, Marc Walton and Dwaine Rieves entered, along with a silent group of statisticians. 
 
    Gerry Cox reviewed the data in a very simple, topline presentation, explaining the success of the lung test, the just-miss on the walk test, and the overall positive interpretation of the results and the clear pattern of steady improvement during the six-month treatment period. It was succinct and reasonable. I felt good. 
 
    Then it was the FDA’s turn to give their view of the data. Marc Walton started, with his methodical tone bordering on a drone. They saw the results as merely fair. They were not really impressed. 
 
    “While the data did show biological activity, with the urine substrate going down, the walk test missed its endpoint, and we are not really sure what the 5 percent increase in lung function really means,” Walton said. 
 
    I thought, “What is the probability that a drug would reduce the substrate, increase pulmonary function, and improve walking—without actually working?” 
 
    Matt could see in my eyes that I was getting agitated. He had Gerry intervene with a reasoned response to the issues on the walk test. Our exploratory analysis, which we believed was the better analysis for these data and which was defined ahead of time, showed that, when controlling for age and disease severity in the walk test analysis, the treatment effect was in fact statistically significant, with a p-value estimate of 0.027 or a less than 3 percent chance that the result was an accident. Since the age range and severity of walking can have a big impact, it makes sense to control for those variables. That was the correct method for a variable disease. 
 
    Karen Weiss sensed our rising frustration. Rather than defuse it, however, she delivered the most memorable line of the meeting: “You know, I was really hoping to see something really great here based on the Phase 1 study, but this data just didn’t knock my socks off.” 
 
    Didn’t knock her socks off? We just did a study of 45 people ages 5 to 42, with a baseline range of perhaps 50 meters to 500 meters in walking, and showed that those who received the drug walked consistently better over time. The mean change between the groups was 42 meters, basically meaning that, in six minutes, the treated people walked an average of 130 feet further than those on the placebo. This increase was much 
 
    better than a couple of other approved drugs that used this particular test. It was a miracle we got so close, with such a wildly complex patient population. 
 
    The discussion became strained. Marc Walton began lecturing us on what they would want us to do. At first, I feared they wanted another study, which would almost certainly have spelled the end of BioMarin, but instead they wanted us to cross the placebo-treated patients onto the drug and follow them for six months to see if they got better. In addition, they wanted us to follow the treated patients for a full year to confirm that their improvement was real. And during this study extension, the FDA would not give us permission to treat other patients that were not 
 
    in the study on a compassionate use basis, as they just weren’t convinced that we were onto a successful treatment. 
 
    I thought back to that meeting at BioMarin where every vice president had declared, lemming-like, that compassionate use represented the biggest threat to the company. I had warned then that choosing how to analyze the endpoint data posed the biggest risk. If the statistical analysis did not come out in our favor, the Phase 3 trial could fail, and our company would be sunk. 
 
    And here were the results. We had gone back into the data, adjusted the walk test results for age and disease severity to show that they really did hit the endpoints, but because we had not set that adjusted 
 
    analysis as the primary analysis in the beginning, the FDA was ignoring it. By complying with their request, we had hurt ourselves. I took no satisfaction being proved right. I was only relieved that my worst-case scenario had not come to pass in which we had missed both endpoints. Instead of an existential crisis, we just had to face a further expenditure of time and money. Both were in short supply, but we could manage. 
 
    The six additional months of study, plus the time it would take to collect the data and return to the FDA for another presentation, would actually push us back another year. Another year of waiting and dying, another year of wrangling and struggle, and another year of hoping and praying that something accidental didn’t happen to hurt our case. The costs and the time, and the pain of all that had happened, was a lot to bear. 
 
    The meeting had put the final crush on any hope that we would get rational thought, rather than just pure academic skepticism. The FDA simply could not see what we saw. Marc Walton and Karen Weiss did not realize that their actions just guaranteed the cancellation of two other rare disease programs at BioMarin, the deaths of at least a few MPS I kids urgently waiting for the enzyme, and further delays in our other programs, as we diverted our attention and all of our resources to doing this new work. 
 
    I could not believe that I had to tell patients and their parents that once again, we were facing another pointless delay. I made all the calls again, family by family. Everyone was incredulous that the FDA was still balking. What could they possibly expect to see in developing a treatment for a disease this rare and this complex? Where is the standard on what is enough efficacy to gain approval? The FDA’s view seemed to be that they should force us to get it perfect now, because once they let us through, they would have no leverage anymore. But for rare disease patients, perfect is an illusion. They’re hoping only for something that can help. I felt that, for all the calculations and deliberations, the real-life situation—untreated patients getting worse every day—had to play a role in this process. 
 
    We made the enzyme they were missing, and we gave it back to them. It corrected the defect in most tissues with good results. The urine excretion of the substrate demonstrated this, as Marc Walton noted. The result struck me as being as good as one could hope for in a variable disease that caused seemingly irreversible problems. I was infuriated over the FDA’s intransigence and inconceivable interpretations. and wished they would meet the first team at the FDA, who seemed so happy and grateful that we were working on this disease. They wanted to help us and had agreed to the original biomarker endpoints. Why couldn’t we have another group like that? 
 
    And then, as work got under way on the next six months of study, one more tragedy befell our small group of patients. Christina Leighton, patient 9, the sweet girl from San Diego who suffered from bad joints, developed significant heart valve problems. Though she did better on the enzyme and had gained ground, her damaged heart valves eventually needed replacement. She had open heart surgery and it went very well. Her airway looked good during the surgery, and she seemed to bounce back quickly. I thought that maybe the enzyme helped with her recovery, since that is not the usual situation after MPS patients have surgery. She was discharged after only one week from the hospital on Coumadin, a blood thinner, which she needed to help with the new valve. At home, she was quickly back to riding her bike. She felt good and looked good. 
 
    But within a week or so, she started having chest pain. The family rushed her to the emergency room, but she stopped breathing and could not be resuscitated. She had extensive bleeding into the space around the heart. She died just four days after her 14th birthday, on Nov. 6, 2002. It appeared the Coumadin made her too prone to bleed. 
 
    It was crushing to lose the charming little girl who everybody in our clinic had immediately fallen for. As her family wrote in her obituary, “Her smiling face, outgoing personality and determination will be missed by all. Although her life on earth was short, she touched so many hearts.” I attended the funeral in San Diego. While terribly saddened, her parents, Julie and Ken, her sister Megan all four of her grandparents, 16 aunts and uncles and 15 cousins, drew strength from each other. 
 
    Everyone was thankful for the better years she had, but I still could not help feel that I wanted much more for her. It was one more reminder of the urgency to figure out how to treat this terrible disease early in life, before all the damage occurs. 
 
      
 
  
 
  
   
      
 
    Chapter 27: Decision Day • Jan. 15, 2003 
 
      
 
    The buzzing of the alarm clock in my Bethesda hotel room was the only way I could tell that I had slept at all. This time we stayed at the Marriott, instead of our usual room at the DoubleTree, but it didn’t matter where I lay my head, I would have barely slept. The day of the FDA Advisory Committee meeting had arrived. 
 
    As tired as I was, I rose quickly from bed and nervously checked my watch three times to make sure I had the time right. I had spent the night worrying, struggling through every conceivable detail of our program. 
 
    This panel, known by the inelegant bureaucratic eponym of AdCom, consisted of a group of independent experts, who would review a couple of small binders of information and, on the spot, vote on whether our drug was effective. We would learn our fate: Would we face another delay, which could crush our company and once again postpone access for patients? Would AdCom recognize the truth, that the enzyme was working and allow us to finally move toward global access? Would all the untreated patients still hanging on be exasperated at another delay— leading them to potentially die without any further hope? Or would they finally be able to seize on this opportunity to improve? 
 
    I had now devoted 12 years of my life to this project, and it all came down to this one day, in which a group of people would review some pieces of paper, discuss the data, and decide its fate. The outcome of 12 years of labor in my labs—even longer, if one considered Liz Neufeld’s decades of experiments—and the health of so many patients hinged on this one day and this one group of physicians and scientists. 
 
    Since our last meeting with the small FDA review panel led by Karen Weiss, we had met every milestone they required. We put the 23 placebo patients on the drug and, just as anticipated, all started showing improvement. They had greater lung capacity, they walked for much longer distances, the sugars in the urine decreased. The drug was well- tolerated and didn’t cause any new problems. We also kept the other 22 patients on the drug and studied them over the same six months, and they all kept showing improvement as well. At long last, both Maddie and Lainie Holland showed the same improvement that their brother Spencer had shown two years earlier. 
 
    Once again, we compiled all the data. Once again, we sent it to the FDA. 
 
    This time, we didn’t even have to go to Bethesda. We got a letter from Marc Walton, telling us the FDA accepted the results and they were now sufficient to submit an application. Hallelujah! The entire BioMarin and Genzyme teams worked intensely for months to put together the massive Biologics License Application, with hundreds of documents contained 
 
    in five CD-ROM disks. It was an incredible amount of work, and it was reassuring to see how many people had taken this project on as their own crusade, compared to the days when it was only about 10 of us at Harbor- UCLA in 1997. When it was done, we gathered the entire team that had touched the application for a photo that included more than 100 people. 
 
    A few months after we submitted our application, the FDA informed us they would hold an Advisory Committee meeting to review the application, with a team of their chosen experts—the AdCom event that was now upon us. For AdCom meetings, the FDA brings in an external group of outside experts, in this case in the metabolic and endocrine disease areas, as well as statisticians, to review difficult applications. 
 
    During this time, BioMarin and Genzyme were still unsure if the FDA would approve the drug, even though it seemed impossible to consider that they wouldn’t. Even so, we had to develop a brand name for the drug in case we did get the okay to bring it to market. The company went through a name generation and branding process. Regulatory authorities must review and approve potential names before companies may use them for commercialization. We ultimately came up with the name Aldurazyme, derived from the alpha-L-iduronidase name for the enzyme. 
 
    With a name and a story to tell, we were ready for our moment in the spotlight. But with all the trouble the FDA had caused us over the past few years, we were also braced for the worst. The FDA published its analysis of our filing in a briefing book a week before the meeting and said that they thought the drug was working, but that we needed to do another study to prove it. Our own analysis in our briefing book was also published at the same time and said the study had succeeded, and safety and efficacy had been demonstrated. The AdCom would now review these opposing views and decide who was right. 
 
    Seeing the FDA still demand another study, was inconceivable to me. It would essentially have destroyed BioMarin and all the work we have done. We couldn’t let that happen, since we knew our enzyme therapy was working, even if the FDA could not calculate their way into seeing it. 
 
    The 20-member Aldurazyme team from BioMarin and Genzyme had been in Washington for five days now, working day and night preparing for this all-day meeting with the FDA. The team had converted a small hotel conference room into a working war room, complete with computer network, printer systems and presentation screens. We constructed 
 
    and prepared hundreds of slides and answers to possible questions. Matt Patterson, Stu Swiedler, Amy Waterhouse, Mary Newman, Dave Noskowitz, Karen Walton-Bowen, Gerry Cox and I—among so many others—honed our answers. 
 
    We didn’t especially mind being cooped up all week—it was a bitter cold January in the Washington. DC, area, and we had no desire to go outside. Every night, Marriott staff would wheel in a rack of trays with crab cake dinners, the Maryland specialty. Though they tasted good on the first day, we had had enough of them by day five. Nerves started to get raw and the team could not push any harder. 
 
    On the morning of the meeting, I thought about a comment from one well-regarded genetics expert at one of those AdCom practice session: “I can see enzyme therapy for Gaucher disease, and then maybe for Fabry disease, but for MPS I, I can’t see it.” He had reviewed the data and expressed a view common at that time, which was that only easy-to-treat diseases are worth treating. Diseases with challenging chronic symptoms in difficult parts of the body like bone and joint diseases don’t rate as treatable. The treatment effect is too slow, and too many irreversible changes need to be prevented. So, let’s stick to treating things that are easy. That challenge was at the core of the Aldurazyme AdCom. Are we going to struggle against really bad and complicated diseases, or will we only pick the easy ones? I hated to think that the scientific establishment was essentially telling people with rare diseases, “Sorry, you picked the wrong disease to get.” 
 
    The battle for Aldurazyme and MPS I was not merely about this one rare disease. It was a proxy for the larger debate about whether society would support people with more difficult, more complex diseases. The AdCom meeting that day represented a pivotal moment in wrestling with this question: Did the FDA regard some rare diseases as too complicated and not affecting enough people to risk the scientific effort and cost? Can our science, medicine and regulation not see the challenge and respond with the right answer? 
 
    The night before the AdCom meeting, we had a final working session. This struck me as a good time for us to go over the final logistical details and assure we had everything lined up. 
 
    One of the special parts of the AdCom was the public session where our patients could speak to the decision-makers face to face for the first and only time. Having attended many similar public hearings, I had observed that many speakers do not use the microphone well, which could mean that the AdCom members might not hear the testimony. I wanted to have some way to signal Matt so that he would know if our speakers’ message was not coming across. I intended it as a simple suggestion, but as soon as I said it, Dave Noskowitz, the regulatory affairs director from Genzyme, erupted and popped up out of his chair. He said my idea was irrelevant, nonsense and a waste of time. 
 
    I don’t think he would have reacted so emotionally if not for the exhausting pace we’d been keeping. Underlying his outburst was likely the thought we were going to fail. Looking back, I can understand his feelings. Who likes to be part of a failure? Amy tried to smooth things over, but it was clear that our nerves were shot and the impending potential disaster was weighing on our minds. Dave was one of our smartest and most insightful thinkers, and I said so at the time, but privately I lamented that he could be so cynical. 
 
    I wanted to have many patients and parents talk about their experiences with Aldurazyme and relate what the product did for them or their children. This was the patients’ one chance to make their voices heard after years of feeling left out of the process. The patients from the first trial were still getting the medication in weekly intravenous infusions, every week for five years, and all had seen the therapy’s transformative powers first-hand. I was determined to have them speak at the AdCom. 
 
    I discussed this with Matt and Dave, and I won’t ever forget Dave’s answer—”the patients will have the same effect on the AdCom that cupping has on treating pneumonia.” Cupping was an ancient folk remedy for pneumonia to “suck the bad humors out of the body,” and Dave’s scornful observation reeked of mockery. 
 
    Matt had a different concern—he feared the “finger tapping” effect, meaning that too many long, drawn-out, emotional appeals might just bore and annoy the AdCom and have no effect on their vote, which was supposed to be based on science only, not emotions. He felt we should get just one well-spoken family to come to the meeting. I heard his concerns but did not agree that only one family should talk. I feared that the AdCom would then wonder what happened to all the others who had the therapy and didn’t speak. We needed an army of patients. But I also got the message on how these public sessions might not turn out to 
 
    help our cause. 
 
    I asked the MPS Society to help bring as many of the most well- spoken families from the first trial to come to the AdCom meeting to tell their story. This was their chance to make their opinions known. I wanted them to plan and write down their talks and focus efficiently on direct health comparisons about what their kids were like before and after treatment for 5 years. They needed to practice and be organized. 
 
    Barbara Wedehase, the director of the MPS Society at that time, had worked with us on the first Aldurazyme trial as the nurse coordinator at Chapel Hill with Joe Muenzer, so she knew the program well. She and Abbey Meyer, the president of the National Organization for Rare Disorders, or NORD, invited the families and helped them prepare 
 
    written statements and rehearse their presentations.. At least six families planned to come and make their case. I was happy to know that, but I didn’t say anything to Matt or the team, because I didn’t want the company cancelling anyone’s chance to make their voice heard. I could not know for sure whether it would help or not, but I felt that there was no way for the committee to make an accurate evaluation without having real patients’ input. 
 
    Oddly enough, the FDA had no process at this time to get formal input from patients who receive a drug, only the public comment portion of these meetings. 
 
    By the morning of the AdCom—Wednesday, Jan. 15, 2003—I had become a bit superstitious. I dressed wearing the tie I used for the first Aldurazyme infusion, hoping that the luck of that day and the early days of the program would come back and visit us again. 
 
    Despite my role in the research, I would not be taking center stage that day. I was only there for support and to potentially answer questions. I would not be making a formal presentation. While I was not happy about that, I had resigned myself to my colleagues’ opinion that 
 
    this was safer, given that I was conflicted as the patent inventor of Aldurazyme. Of course, everyone in the company was conflicted, but the inventorship was thought to be an even greater issue. 
 
    Matt and Gerry could do a good job, but it felt like our team was in the World Series and the manager had put me on the bench. It was hard to know how all our preparation would work for us. Would we be on point and effective? Or would we be so exhausted that we would mess everything up? 
 
    The people who serve on AdCom panels are specialized independent expert advisors that the FDA employs to help answer difficult questions. The group is typically comprised of experts in the subject matter. 
 
    However, the Metabolic and Endocrine Committee looking at the program on this day consisted primarily of endocrinologists, none of whom actually knew or had treated MPS disease. The rest of the group included statisticians, 
 
    a variety of academic specialists, and a pulmonologist brought in to review our lung function data. 
 
    A couple of extra experts in metabolic genetics were brought in, one of them was Adam Jonas, my old medical genetics chair from UCLA, who had helped me set up my first lab. Adam was recused from voting, because his friendship and working relationship with me constituted a conflict of interest. Jerry Schneider, a long-time friend and colleague 
 
    of Adam, who was a pediatric geneticist at UC San Diego, was the other genetics physician on the committee, and this was his first time on an AdCom. Jerry had no official conflicts, and he was an expert in lysosomal disorders, so I was glad to see him on the panel. 
 
    One genetics expert among 12 people evaluating a treatment for a complex genetic disease did not seem adequate to me. But that is the system. We are constantly forcing rare diseases and their treatments to adapt to ill-fitted systems and processes, because we have not taken the time and effort to prepare special processes to meet their unique 
 
    needs. This AdCom was simply one more instance, in which the system would evaluate a rare disease that did not fit neatly into its ready-made categories. 
 
    Dressed and with nerves increasingly jangling, I made my way downstairs to the lobby, where the team was gathering. The temperature had barely climbed above freezing as the team boarded our chartered bus and headed to the Holiday Inn in Bethesda, where all AdComs were held. 
 
    The meeting was in the vast main ballroom, all brown and dull. A large U-shaped table was set up, with individual microphones for each committee member. A video camera in the middle of the room was going to webcast the hearing. To the right of the U-shaped table was the company gallery, with four sideways rows for the company doctors, developers and experts associated with the program. Many rows of audience seating filled the large ballroom behind the camera. 
 
    The families were there, the FDA was there, and everyone was milling about in small groups, talking in hushed tones. The families were fearful and uncertain, because the FDA had published its own negative assessment of our Aldurazyme data online, suggesting they might require us to do another study. 
 
    We also faced a problem of perception among the public. Who are people going to believe, a supposedly “greedy” pharmaceutical company pushing its product in the name of profits, or the angels of the FDA with nothing but good intentions, as they seek to keep patients safe? The fear of failure was very real. Investors had driven BioMarin’s stock down on the release of the FDA briefing documents, believing that our program was headed for a disaster. Our team was determined not to let this happen, but how much could we control? 
 
    I saw Mark, Jeanne, and Ryan Dant and stopped to talk. We mused about how far we had come since that day when Ryan started—Feb. 13, 1998—only one month shy of five years ago. Ryan, now 14, was doing well. Mark and Jeanne had somehow come down with a case of food poisoning and felt lousy, but they had prepared their talk and were not going to let anything derail them. For them, this hearing represented the most important day in their lives since the start of therapy. 
 
    Bryant Graeber was there as well, with his mother Melissa and they, too, were ready. Melissa was a professional, with a successful career in retail sales and I felt she would be a good speaker. Many other families were there. It was great to see their support. I felt they might be the one intangible that could shift the view of the therapy. 
 
    Back in Novato, BioMarin had set up a large screen TV in the training room to watch the live feed from the AdCom. The whole company was watching the drama unfold, including co-founder Chris Starr, the research team, the other regulatory team, the clinical team and the manufacturing team. Like at a midnight movie, they could howl and jeer and applaud without fear of being heard—reality TV in drug development. 
 
    It probably would have been better for my emotional state if I had been there instead of in the AdCom room, stilted and silent. 
 
    The meeting was called to order and people took their seats. 
 
      
 
    

  

 
   
      
 
    Chapter 28: Stating Our Case 
 
      
 
    I moved up to the seats on the right in the company gallery and sat in the first row, with Gerry Cox on my right and Stu Swiedler on my left. The audience filled the hall and became quiet very quickly. I could feel the tension. 
 
    The committee members took their seats, appearing a bit jovial and perhaps tired. They had already met on the prior two days, deliberating on two proposed treatments for Fabry disease, another rare lysosomal disorder. The hearings were being webcast, and I attended one of 
 
    them briefly. It was like watching a sporting event—a Super Bowl for drug development. In one of those deliberations, the AdCom ruled positively for Genzyme’s drug Fabrazyme; in the other, they were sharply negative for Replagal, made by the pharmaceutical company 
 
    Transkaryotic Therapies. We did not know which attitude would show up today for Aldurazyme. 
 
    Dr. Thomas Aoki, chairman of the committee and an endocrinologist and diabetes researcher on the faculty of the University of California 
 
    at Davis, began the proceedings with formal introductions of all 17 members of the committee. 
 
    In addition to Jerry Schneider, the pediatric geneticist from UC San Diego, the other members were no less impressive—all MDs or PhDs, if not both: 
 
    Deborah Grady, an internist and epidemiologist at UCSF, 
 
    Dean Follman, a statistician at the National Institutes of Health, Jesse Joad, a professor of pediatric pulmonology and allergy at UC 
 
    Davis, 
 
    Lynne Levitsky, a pediatric endocrinologist at Massachusetts General Hospital, 
 
    Allan Sampson, a professor in the Department of Statistics at the University of Pittsburgh, 
 
    Dave Schade, an endocrinologist from the University of New Mexico School of Medicine, 
 
    Eric Swenson, a professor of medicine at the University of Washington, 
 
    Nelson Watts, an endocrinologist from the University of Cincinnati, 
 
    Paul Woolf, an endocrinologist from Crozer Chester Medical Center in eastern Pennsylvania. 
 
    Every AdCom also has an industry representative—in this case, Bob Zerbe, CEO for QUATRx Pharmaceuticals—and a consumer representative, 
 
    Kathy Knowles, from Health Information Network in Seattle. 
 
    FDA staff on the committee—also all doctors—included Karen Templeton-Somers, acting executive secretary to the committee; Ilan Irony, a clinical reviewer for our Biologics License Application (BLA) with the FDA’s Center for Biologics Evaluation and Research (CBER); in addition to Marc Walton and Karen Weiss. Dr. Irony had taken the place of Dwaine Rieves as the junior reviewer. Dr. Rieves also attended. 
 
    After Karen Templeton-Somers read the conflict-of-interest statement, Thomas Aoki introduced FDA biochemist Blair Fraser to talk about the chemistry of the product. 
 
    Blair was there at the beginning of our interactions with the FDA, all the way back to the first, very positive, pre-IND meeting. He had guided us on improving our product quality in those early years. Seeing Blair start the proceedings was reassuring. It reminded us that we had a friend at the FDA—someone who understood the challenges we faced and knew how to help get it done right. 
 
    Blair started by going over our review milestones, noting how much we had worked with the FDA to refine and clarify our proposal, 
 
    particularly in the past six months. He went through the science, the cell lines used, the weights and doses of iduronidase—this was a technical presentation to a highly sophisticated panel. 
 
    Then it was BioMarin’s turn. Matt Patterson took the podium. Despite all the debates I had had with Matt over our strategy, I couldn’t think of anyone better to present our case to the FDA. Matt laid out the basics of MPS I and how Aldurazyme treats it. I was impressed with his smooth and concise performance and glad to have his professional demeanor to start our presentation. 
 
    Matt recapitulated the history: “The program was designated an orphan drug product back in 1997, and I would like to note that the prevalence of MPS I is currently estimated at approximately 1,000 patients in the United States,” he said. “An IND filing followed shortly thereafter in October of 1997. The product was designated a fast-track product by FDA in September of 1998. The BLA was filed in July of last year and was granted a priority review by the FDA. Finally, I would like to note that the development of Aldurazyme involved frequent 
 
    and detailed collaboration between the sponsor and the agency.” Joe Muenzer, the internationally recognized expert in the MPS diseases and one of our principal investigators in the Phase 1, 2 and 3 clinical studies, was up next to make two important points. First, that MPS I was an incredibly complicated, multi-system disease. Second, it was extremely heterogeneous, thereby challenging the current paradigms of the simpler genetic diseases that had been treated to date. 
 
    Joe was probably the most experienced clinician in the world for MPS diseases. He had been there from the beginning of the study. Having him step up to support the program here was reassuring. He made his points, and the AdCom clearly understood. I remain grateful to this day for his support over the years. 
 
    Gerry Cox came to the podium next. Gerry was the first person at Genzyme with specific training in genetic disorders. Having him on board greatly had calmed the program, which had been in some turmoil over the conflicts between me and the Genzyme staff. Gerry really understood the situation and had the diplomatic skills to manage through the difficulties. The program stabilized under his guidance (except for the lingering contention over the compassionate use program.) 
 
    In his presentation, Gerry worked through the data in a clear and eloquent fashion. His talk was impressive for its efficiency. He made our case sound compelling. 
 
    “You have just heard from Dr. Muenzer that MPS I is a devastating disease of childhood,” he began. “Patients have significant medical problems that lead to disabilities, impairments and reduced quality of life. Ultimately, these patients will die of their disease in either childhood or early adulthood. What I would like to do now is present our clinical data demonstrating that Aldurazyme not only reverses the underlying pathophysiology of the disease by clearing glycosaminoglycans (GAG sugars that accumulate in the cells of MPS I patients) from the body, but that it provides meaningful clinical benefit to patients through improved functioning, and it does so in a safe manner.” 
 
    He ended his talk by concluding: “MPS I is a rare, progressive, life-threatening disorder that represents an unmet medical need. In an adequate and well-controlled clinical study, Aldurazyme has been demonstrated to rapidly decrease lysosomal storage of GAG, and this is translated into meaningful clinical improvements in terms of both respiratory function and functional capacity.” 
 
    He also noted how safe the therapy was, and he had special praise for the patients, especially those who received the placebo at the FDA’s insistence, despite their desperate need for real treatment. “The 
 
    compliance of this study was amazingly high,” Gerry said. “Greater than 97 percent of infusions were received by patients in each group (placebo and actual therapy) during the double-blind phase, and I just want to commend the patients for their participation in the study.” 
 
    As Gerry turned the podium back to Joe Muenzer, I had a strong sense of gratitude for everything he had brought to the program. His even keel and intelligence had put us back into a stable mode. He had put a tremendous effort into honing his presentation, and it was crisp, nuanced, and thorough. How could they not approve Aldurazyme after that talk? 
 
    Joe then put the data in perspective, making it clear how our results related meaningfully to MPS disease. “In summary, physicians who care for patients with MPS I need to have Aldurazyme available to them as 
 
    a treatment option,” he said. “As a panel, I strongly urge each of you to recommend approval.” 
 
    The presentations by Matt, Gerry and Joe gave me great hope. 
 
    However, it was hard to read what the committee thought at that point. They were stone-faced and serious. 
 
    The statisticians, Allan Sampson and Dean Follman, asked a couple of questions about our studied endpoints and analysis, and those answers went smoothly. Then Jesse Joad, the lung specialist, voiced concerns about how we measured lung function and corrected the numbers for 
 
    the patients’ height. She was skeptical about how the physical disease of MPS impairs the ability to measure height accurately. This was the first hang-up related to the lack of general knowledge about these rare diseases. She doubted our view that the joint stiffness makes it hard for patients to stand up and get accurate measurements, and she questioned our assertion that these joint limitations can improve with treatment, thereby changing a patient’s height. 
 
    “Explain again,” she said, “why you think you should use baseline height rather than current height as is the typical.” 
 
    Gerry explained once again that we followed normal formulas to measure patients’ breathing as a percentage of height. However, after the patients started taking Aldurazyme, “investigators told us that they noticed that patients were standing taller, their joints were releasing, and that they were increasing in height, not due to necessarily linear growth, but just due to straightening of their posture.” 
 
    That was a great outcome, he said, because it increased the predicted FVC—the forced vital capacity test of how much air a patient can blow out. He even showed how we plotted out and calculated the percent predicted FVC, using both current height as well as baseline height. “You can see in the placebo group, they show somewhat of a decline in percent predicted FVC using current height,” he said. “The Aldurazyme group shows a modest increase, and the difference was 4.3 percentage points, which was significant.” 
 
    He gave more figures, more data, and said, “If you look at all the patients, you can see that the Aldurazyme-treated patients did go up in height more than the placebo-treated patients.” 
 
    Joad pressed further. Could the patients have simply grown? Did we prove the new heights were the result of the lung improvements? 
 
    “We found it very difficult to tease out what was true growth, because the patients were also gaining weight, so we suspect it was some growth, but we also heard from investigators that the patients were just standing taller,” Gerry said. 
 
    After a few more questions in this vein, Joad turned it over to Paul Woolf, the endocrinologist from Pennsylvania. 
 
    “Can you tell us something about the growth of the children who were prepubertal in the treated group?” Woolf asked. “Did they grow better or not grow better? Did their pattern of bone abnormalities improve or not?” 
 
    Matt called on me to answer those questions, and I explained that we didn’t have enough data about how tall the patients were before the treatment to draw any conclusions about their growth. Also, most of the patients in the Phase 3 trial had gone through puberty. We did have some data from the six prepubertal patients in the first trial, showing terrific improvement in growth—from 2.8 centimeters per year before treatment to 5.32 centimeters per year afterwards, nearly double. They also showed even more impressive weight gains. Before the trial, I said, “all patients were growth deficient, many of them were well below the 5th percentile.” These improvements in growth were life-changing for patients because both the kids and their parents could feel it and see it. 
 
    Next, Dave Schade, the endocrinologist from New Mexico, had questions for me—questions that started to concern me. 
 
    “I am having some difficulty understanding the mechanism between the treatment and the effect,” he said. “In other words, I understand 
 
    you have measured reduction in liver volume, but I don’t see that. The outcomes you are measuring could be due to many changes in rib cage, liver volume, etc. I understand you have measured a decrease in urine abnormal products, but I haven’t seen any histological data at all showing any tissue change in the abnormal lipids that accumulate—or anything 
 
    to indicate that your enzyme is doing anything to the underlying pathophysiology.” 
 
    By “histological data showing tissue change,” Schade was saying we should have conducted biopsies—sliced a piece of the livers off our patients, put it under a microscope, and analyzed it to see the effect of our enzyme, rather than just showing that their enlarged liver shrank in six weeks. Schade’s comment struck me as odd, since it came after the AdCom had spent two days arguing with the other companies whether measuring disease in a biopsy is clinically meaningful or not. Now he 
 
    was challenging us for not having done biopsies and analyzing pieces of tissue, instead of the clinical measures we did use. 
 
    I was irritated that we were once again switching. Would we get hung up by not having biopsy data? 
 
    “If you would like,” I said, “I can show you some data about urinary GAG excretion in the canine model, which relate to histopathology.” 
 
    “No,” Schade said, “I am not interested in the urinary data, I am interested in the tissue data.” 
 
    “Right,” I said. “What I am saying is, I could show you some data on urinary GAG and relate it to tissue GAG levels in the dog. We did not do biopsies in our trials with the children. There are a number of anesthetic risks in doing that, and we opted not to do tissue biopsies.” 
 
    “Don’t these lipids accumulate in the skin or any other tissue that is easily accessible?” Schade insisted. 
 
    While we could have biopsied skin tissue, the skin of our patients was not associated with the major problems of the disease and would not be particularly useful. Moreover, this line of reasoning toward more biomarker analysis seemed opposite of what the FDA had been asking us to do for the past couple of years. 
 
    “Well,” I said, “we feel that looking at liver volumes is one way to look at storage. It is well established that liver storage and the volume of liver is related to the storage of vacuoles within the liver. Now, you could look at how many lysosomes are in a liver, or you can just weigh the whole liver and see how big it is, and the reality is, it is a better quantitative measure of liver storage just to look at the liver volume rather than do a liver biopsy. 
 
    “Secondly, doing a liver biopsy would not be a very rigorous test of whether the enzyme is treating these patients. Because there are so many other tissues that contribute to the disease, knowing that wouldn’t help us.” 
 
    I added that even if post-treatment skin biopsies “showed improvement in the skin, I am not sure how that would relate to the treatment of other aspects of the disease.” 
 
    I then decided to address the issue head-on. “I know you have heard two days of discussion about Fabry disease and renal disease,” I said. “There is not any single tissue that we can access readily that would demonstrate to us that the disease would change, so we felt that clinical measures would be more to the point in demonstrating benefit in these patients.” 
 
    Schade wouldn’t let go of his idea about accumulation. 
 
    “So, are you saying that lipids don’t accumulate in the skin or any other easily accessible tissues, just in tissues that you can’t reach?” 
 
    He clearly wasn’t listening. I was getting exasperated. Several years of frustrations with this program were starting to bubble up. Back 
 
    in Novato, the BioMarin staff were gathered around a big screen TV watching the proceedings. Chris Starr told me later that, knowing my temper, people in the room were getting nervous. They could feel an eruption coming on as Schade perseverated on a topic that was not critical to understanding the study. Even the FDA did not consider the biopsy data critical. How patients do was the issue. 
 
    But I behaved myself and answered respectfully. 
 
    “No,” I said. “What I am saying is, there is storage throughout the body in these patients, but the sites of storage that are critical to the clinical disease course and the clinical benefit in this disease are not as readily accessible, things like synovium for the joint storage or, 
 
    for example, other connective tissues, or perhaps the lungs would be involved.” 
 
    “Well,” Schade rejoined, “we heard about the breathing difficulties and the fact that there were redundant tissues in the breathing passages, and the tongue was large, and so forth. It seems to me there are many tissues that are accessible. I just want any indication that you are actually decreasing the underlying pathophysiology. All I have really seen is indirect evidence of liver size, and what you are measuring is complex clinical outcomes.” 
 
    “I am actually very surprised that in the short period of time, you are seeing such a major clinical benefit because, as you were here the last two days, they had difficulty seeing clinical benefit, and yet they were able to demonstrate an improvement in the underlying pathophysiology in the tissue accumulation of the abnormal compounds. Here, we are seeing just the opposite. We are seeing a number of clinical benefits without any evidence that the underlying pathophysiology is being corrected.” 
 
    Schade had heard two days of discussions on another disease in which biopsies were needed, so suddenly only biopsies were good enough. The odd thing is that previously we heard from the FDA that the biopsy data was no proof of clinical benefit. 
 
    Let me address that,” I said, “by talking about the measures we did use and explain a little better why we used them….” 
 
    Thomas Aoki, the chairman, jumped in. 
 
    “Let me stop you there,” he said. “If you don’t have the tissues that Dr. Schade is referring to, then I don’t think you need to proceed any further, and I would like to go on.” 
 
    I swallowed my words and pressed my anger back. In hindsight, he probably did us a favor, seeing that the discussion was going in circles. But in the moment, I felt disrespected and ignored on a critical point, and I didn’t know whether Schade’s questioning might carry weight with the other AdCom members. 
 
    Rather than continue, the committee took a break. I grumbled about the issue with Gerry and the team. I could not tell where things were going. The statisticians seemed supportive, Jesse Joad was skeptical, and Dave Schade seemed to be hung up on pathology. A strong sense 
 
    of uncertainty—even impending doom—hung over all of us. No one felt positive. 
 
    When we reassembled in the ballroom to resume the meeting, it was the FDA’s turn to present its view of the data. Their briefing document was negative on the clinical data and seemed to indicate they were going to force us to do another study. This was totally irrational in my mind, but we would see how convincing they would be. 
 
    Ilan Irony, the clinical reviewer for our Biologics License Application, was a nice guy, but new to the program. As the junior officer, he did 
 
    not know the field at all. He had to learn about MPS and try to get the history of our effort to treat it. He meant well, I’m sure, but I felt like we were starting over. 
 
    He began much as we had, by talking about how the only treatment for MPS is supportive care, and how bone marrow transplantation only worked in the most severe patients, and only for those younger than two years of age. He steadily moved through all the data from our clinical trials, but I felt he avoided any interpretation that would reflect positively on our case. After noting the data on the primary study, including meeting the primary endpoints and multiple secondary endpoints, he stated that the FDA could not conclude anything about clinical efficacy. 
 
    Dr. Irony proceeded to review the Phase 3 study results. He got to a section with subsets of the data. The FDA had looked at who benefited in the study and attempted to show that, when looking at subgroups, 
 
    the young girls contributed the most to the data. They would have surely criticized that kind of data, if a company had tried to argue it proved anything. But the remark passed, and, in any case, Dr. Irony’s methodical but uninspired presentation did not appear to make a 
 
    strong case against us. 
 
    Dean Follman, the NIH statistician, started the questioning of the FDA’s case. I took some pleasure when he asked the agency to justify why the study had two primary endpoints, and why there seemed to be so little difference between the two studies. And I especially loved it when he asked if the FDA was setting “a much harsher threshold for the company to meet.” 
 
    “Why was the bar set so high here?” he asked. 
 
    Marc Walton responded that we wanted to show the effect on the lungs, but the FDA didn’t want to see just a statistical change that was not necessarily clinically meaningful, and so we had agreed on the six- minute walking test as a clinical test. Then he explained that normally, they would want to see two separate studies showing “independent evidence” of the efficacy of a drug, but since we were only doing one study, they wanted to be sure we provided ample evidence. He added that he wasn’t going to cut us any slack simply because of the orphan drug status. 
 
    Nevertheless, I felt tremendous vindication when Dean Follman made his point. He saw what Marc Walton and the review panel had put us through: Making us hit 0.05 on two endpoints is essentially requiring us to meet a probability of 0.0025—that is, 0.05 times 0.05. That is 20 times smaller than hitting 0.05. It means that the probability of hitting 0.05 in two endpoints should happen only 0.25 percent of the time—a quarter 
 
    of one percent. This is virtually impossible with a small study, in a rare disease, with lots of variability. 
 
    The two p-values we actually hit were .027 and .066. If you multiply those by each other, you see that we had only .17 percent chance that this could happen by accident. As I see it, that was far and away enough to meet the standard the FDA has for what constitutes a persuasive statistic. 
 
    My satisfaction was short-lived. Dave Schade started up again, this time asking whether the FDA was “satisfied that the dose of the drug that was being used was appropriate.” This was once again tied to his questions about the lipids accumulating in the tissue: “In light of the discussions we have had in the last two days about dosage, I am very worried that this is an inadequate dose, because I see no indication that the human tissue is decreasing its accumulation of lipid.” 
 
    To my continuing frustration, Marc Walton agreed with him, up to a point. “I think you are quite right asking if we have an optimal dose,” he said. “I don’t think there is any data to truly address that question. Unfortunately, what we have are data on this single dose.” 
 
    He explained that, while it would be great to have so much data that we could tell just what the optimal dose was, we’d have to work with what we had. I felt Schade was unnecessarily pursuing the “optimal” dose when an “adequate” dose could improve the lives of so many people suffering with this awful disease. 
 
    They went back and forth on the issue of liver reduction and what it all meant, and how the dose affected the liver. Then Deborah Grady, the epidemiologist from UCSF, asked, “Is there any concentration of the drug in the liver that might actually indicate that the dose for other tissues could be too low?” 
 
    Matt gave me another chance to address the issue. I explained how, in our dog studies, the liver did take up more enzyme than other tissues, but that other tissues also took up substantial and corrective amounts of enzyme. 
 
    “In the animal models, we show that there is 60, 70, up to 80 percent reduction in many different tissues in those preclinical studies at the dose that we are currently using,” I said. I was so happy to finally get this point across. Once you reach saturation of the uptake receptors, giving more enzyme does not provide substantially more drug uptake. 
 
    Jerry Schneider, the genetics colleague of Adam Jonas, then asked my favorite question: “I wonder why decrease in liver size wasn’t taken as the primary endpoint. If my long-term memory isn’t too bad, it seems to me that in bone marrow transplant work done many years ago, when people thought they were seeing an effect, it was because of a decrease in liver size. It appears to me that because the first study showed this very dramatic decrease in liver size, you sort of took that as a given and looked for a more difficult endpoint.” 
 
    I was excited to hear him say that, though it was an old wound now for me with the FDA. Marc Walton attempted to explain it away. “The answer to this is exactly the point that Dr. Schade was bringing up, that the question is how large is the liver to begin with,” he said. “In many of these patients, it was not so enlarged as to be a clear impairment in and of itself, so that a decrease in liver size and even a normalization, we felt, would have an uncertain clinical impact on the patient.” 
 
    I had one more chance to speak, when Nelson Watts, an endocrinologist from the University of Cincinnati, asked about the frequency of the dose—why we need to give it once a week, as 
 
    opposed to every other week, when that would have a huge effect on the rest of someone’s life—as well as whether we had a “one-dose-fits-all scenario.” If someone’s GAG levels did not return to normal, could we increase the dose? 
 
    The FDA had no data on this, so Matt turned to me. 
 
    I said that patients needed the treatment every week in order for the enzyme to accumulate in their bodies. That way, they would get the greatest benefit, given that half the enzyme disappears in three to four days. And I told him that higher doses would not efficiently increase the level of enzyme in the tissues due to the receptor saturation. Giving a smaller amount more frequently is more efficient in using the enzyme and allows better accumulation, as we saw in our dog experiments. 
 
    I had managed to get in the last word before Thomas Aoki called for the public hearing portion of the meeting. We hit some speed bumps in the morning session, as expected, but we survived. There was lots of skepticism and critique, but nothing suggested we couldn’t get through. 
 
      
 
  
 
  
   
      
 
    Chapter 29: The Patients Get Their Say 
 
      
 
    At this point in the AdCom meeting, anyone who had applied to talk would be given a few minutes to present their opinion for consideration. This was the only moment when the patients or their families and doctors could advocate for their cause, and they were ready. People had flown in from Dallas, Seattle, Montana and even England to make their voices heard. 
 
    Abbey Meyers, the founder and president of the National Organization for Rare Disorders, or NORD, was the first up. Abbey was a strong advocate for the treatment of rare diseases, and she was well respected in Congress and by the FDA, so her words would have impact. Given her experience, Abbey knew just what to say, both to win the panel over and to put the issue in context. 
 
    “I have been here for all three days, and I want to say that I admire you all for all the very, very hard work that you have been doing,” she said. “We are looking today at another of the enzyme replacement therapies. As time goes on, we are going to see more and more and more of these, because of the Human Genome Project and because of the discovery of these genes and what types of enzymes and proteins they are not making—or they are making incorrectly. So, it just occurs to me, after listening to all of this, that the FDA is having some problems in trying to catch up with the science of this whole thing.” 
 
    She mentioned Ceredase, Genzyme’s pioneering enzyme replacement therapy for treating Gaucher’s disease. 
 
    “Back in the 1980s, we had Ceredase, which I think was reviewed on evidence in about 15 people. There was very little evidence of safety or efficacy. All of the research, just about, was done by NIH, and they let 
 
    it on the market. (Gaucher’s) was a fatal disease, untreatable. (Ceredase) was okay, it reduced the size of the spleen and the liver, and nobody sat around saying, ‘Well, we really wonder whether that is going to have an effect on the disease.’ As you know, it saved many, many lives. 
 
    “Then, we had Prolastin for alpha-l antitrypsin deficiency, and the evidence was so little on the effect of that product that the FDA, in a way to solve this, required the company to set up a patient registry, which they had to keep running to monitor these patients for five or six years just to prove that the drug was effective, because when you approved it, there really wasn’t the substantial evidence of efficacy. 
 
    “Then, we had PEG-ADA for severe combined immune deficiency. I think it was probably around 10 patients, something like that, when they reviewed that, and the only evidence at that point was, ‘This is an enzyme deficiency, we are going to replace the enzyme, it probably works, and you approved it. 
 
    “But today and the last couple of days, it just seems like nobody is willing to understand that when you have an enzyme deficiency and replace the enzyme, it is probably effective, and that all you need is minimal evidence that it has helped in some way. I know the companies sit down with the FDA and you negotiate these endpoints. It boggles my mind to understand how anybody could have picked an endpoint involving a six-minute walk for kids who have these joint contractures. You don’t have to be a brain surgeon to understand that probably you give the kids the enzyme for six months or eight months or a year, and 
 
    their joints are not going to clear up overnight, so it is going to be pretty hard to see any kind of improvement in an endpoint like that. 
 
    “I agree with what somebody asked before: Why didn’t you just say reduction in the size of the liver? What you could see on an MRI should have been enough. The reason I am saying all of this is that this is among the first few enzyme replacement therapies. You are going to have a lot of these enzymes on your desk in the next few years, and you have to adjust the way you look at them and the measures that you are using for success. We have patients here, we have parents who will be talking to you about how their children have taken the drug and, to them, there is only one measure of success—their children are better.” 
 
    Abbey’s forceful speech was the perfect kick-off. Now the parents took their long-awaited turns at the microphone, starting with Melissa Bryant from Charlotte, North Carolina. 
 
    “My son, Bryant Graeber, was diagnosed with MPS I at age 6 by our pediatric ophthalmologist,” Melissa said, with Bryant by her side at the podium. All of the MPS kids joined their parents during their statements, so the AdCom could see them up close. 
 
    “I would like to share with you what has happened in the years following that diagnosis and his great success with enzyme replacement therapy. I had no idea of the impact of the words I heard from our ophthalmologist. He said, ’I believe Bryant has an enzyme deficiency.’ I had no idea what that meant, but Bryant had all the symptoms of MPS. 
 
    “As he got older, life became more difficult and his liver and spleen enlarged, his joints grew stiffer, and he had chronic respiratory issues. Bryant has had multiple surgeries, which include carpal tunnel, six hernia repairs, eight sets of ear tubes, and three spinal fusions. Bryant’s eyes were incredibly sensitive. He constantly complained of floaters and always wore a hat. Anything bright was a distraction. He didn’t like to wear a shirt with stripes, and an eye exam was a challenge. Fatigue was an ongoing problem. His energy levels got lower and lower. We lived less than two blocks from our church. To walk there, he had to stop at least twice to rest. Ascending the stairs in our two-story home was a major ordeal. Pneumonia, bronchitis, and other respiratory problems were an almost monthly occurrence, 12 months a year. It was never confined to winter months. He had begun the slippery slope.” 
 
    The gallery was sitting up and taking notice. The Ad Com 
 
    members were leaning forward on their seats listening intently. Melissa had their attention. 
 
    “Almost five years ago, we were privileged to be a part of the clinical trial for enzyme replacement therapy. What a difference this treatment has made in Bryant’s life! I am very committed to doing whatever I 
 
    can to see that other MPS children have the same good fortune. Today, Bryant wears a hat, but only because it is cool. He never complains of light sensitivity. His ophthalmologist is amazed at how easy his yearly exams have become. And he wears stripes and patterns. We can hardly keep up with him walking to church. No grass grows under his feet. In fact, the last three summers, Bryant has had a job at the Christian Life Center at church. He walked both ways and helped with programs they offered, as well as with the maintenance and upkeep of the gym. 
 
    “Incredibly, he is rarely sick. Bryant will get a cold from time to time, but the duration is short and doctor visits are almost never needed. I consider my son a healthy young man. His life has changed in a positive way. We look forward to continued years of good fortune, and other MPS children deserve the same.” 
 
    Amy Holland told me later that she would never forget Melissa’s beautiful description. A strong, positive speaker, Melissa captured so perfectly not only how her son was better, but how meaningful it was for him. I remembered all that Bryant had been through with his three back fusions. All of those had failed, but after he started on the enzyme, the next back fusion surgery was successful, and the back brace was gone. 
 
    Steve Holland was the next speaker. He had been a rising CPA with the accounting firm of Deloitte Touche when their kids were 
 
    diagnosed with MPS. He decided to put his family first, moving to a less demanding employer where he could devote himself to his children and the MPS cause. Along with some others, he took over the National MPS Society, helping to transform it into a group that offered crucial support for research like ours. 
 
    “I stand here today in my role as president of the National MPS Society,” he told the AdCom, “but equally important I stand here in my role as a father of three children with MPS I. I am here today with my wife Amy and our children Spencer, 13, Maddie, 11, and Laynie, 9.” 
 
    The room became very quiet, as he pointed out his three amazing children, who had joined him at the podium. No one could avoid grasping the tragedy of three MPS kids in one family, which was otherwise so difficult for anyone to imagine. Including the AdCom. 
 
    “The National MPS Society,” Steve continued, “is a support 
 
    group representing approximately 700 member families afflicted with mucopolysaccharidosis. As far as financial disclosures, the Society receives operating and conference support of the sponsors of less than $100,000 a year. I personally do not have any current or past financial interests in the companies, and our family’s travel here was paid by NORD’s Patient Assistance Program. 
 
    “The Society appreciates the safety objective of the FDA and how it helps protect children from the unintended negative side effects of therapy. We also appreciate the efficacy objective and the protection it provides to society’s most vulnerable families from those who might 
 
    want to fraudulently profit from our families’ dire circumstances. MPS is a particularly cruel disease, whereby a seemingly healthy child grows and gains skills, only to have those reversed and lose skills and 
 
    health over time. 
 
    “It is degenerative. Therefore, time is the enemy for many MPS children. Without intervention, they will get sicker with each passing day. It is the law of nature. However, enzyme therapy provides hope to our MPS I members and future sufferers of MPS I. It offers stabilization of many aspects of the disease and improvement in still others. It provides a reprieve from a death sentence that these children were handed on diagnosis, and there are currently no safe alternative therapies to enzyme therapy.” 
 
    With that preamble, Steve then delivered the emotional gut punch— the wrenching story of his children’s battle with the disease. 
 
    “My family has had the opportunity to experience enzyme therapy firsthand. We have also had the unique experience of seeing the difference between treated and untreated children just by looking at our own three children. My son was in the first trial, and my daughters were not. This approximately three-year period provided many opportunities to see the stabilization and improvement in my son’s condition, while my daughters worsened. 
 
    “My daughters were then accepted into the second trial with a placebo-controlled group. During the first six months of the study, I noticed the stabilization and improvement in one of my daughters, while the other one worsened. Once the trial was unblinded, my observations were confirmed, when I learned that my daughter that worsened was part of the placebo group. For the past 18 months, she has joined her brother and sister on enzyme therapy. During this period, I have seen many of the same results with her that we saw with the other two children. 
 
    “At each step during this five-year period, it was obvious to me as a parent who was receiving the drug and who was not. Some 
 
    improvements are easy to describe and explain, and some are not. The easy ones include actually making a basket, reaching a milk bottle from the top shelf of the refrigerator, not taking an extended nap every day after school, walking around the block four times, not using the stroller for long walks, and staying awake until 10 p.m. on non-school nights. 
 
    “Those less easy to describe and explain include feeling well enough to go to school most every day, increased shine in hair, increased zest for life, and just feeling like a normal, healthy kid. Their improvements are directly related to this therapy. There is no other explanation for them, but not only is the therapy validated by the improvements we have 
 
    seen, an even larger validation is the lack of progression of certain aspects of their disease. This is where the true strength of the treatment shows brightest. 
 
    “In closing, I appreciate the need for the FDA and the fine work it does. At this point, I believe the drug has been proven safe and effective. This proof did not come from looking at samples in a lab, in data and graphs on paper. I cannot adequately debate surrogate versus clinical endpoints or why any particular trial design was chosen, I am not educated in such matters. 
 
    “My proof comes from living with three MPS I children, 24/7 for the past 13 years, one nearly five years on therapy, and keeping tabs on the other families on therapy. I understand that the therapy is not a cure, but it helps, and it helps a lot. I have seen that the benefits outweigh the 
 
    risks firsthand. There is no alternative. MPS kids need Aldurazyme until science progresses to the point that an ultimate cure is available. Now is the time to allow therapy to be given to those who have been waiting so desperately for the opportunity to get better. All of us in this room owe them that opportunity.” 
 
    Steve was compelling. There was no finger tapping going on. Some AdCom members were getting teary eyed. Dr. Schade got up and moved from his position, to one outside of the camera’s view. He clearly had gotten emotional listening to Steve’s incredible speech. 
 
    Next up was Greg Day’s mother, Linda. Greg was the colorful 
 
    22-year-old young man from Montana who joined our study and nearly collapsed when he struggled up a flight of stairs at the hospital. Greg also had an older brother with MPS. Linda described when Greg and his older brother Scott were both diagnosed with MPS I Hurler-Scheie Syndrome at the ages of 3 and 4. Her story, like the Hollands, was the heartbreaking tale of what happens when one child gets the medicine and the other 
 
    does not. I couldn’t imagine anything more powerful to illustrate to the AdCom why they needed to approve our enzyme. 
 
    Linda introduced her oldest daughter Danette, along with Scott, now 28, and Greg, 27. After hearing about all the young children with MPS, people appeared shocked to see these adult men. Greg and Scott looked so much like each other, with the arching eyebrows and flatter faces that MPS patients have. They both had the tight ankle cords—shortened Achilles tendons—that gave them a tendency to walk on their toes. They moved stiffly. But there were two striking differences: Scott’s eyes were hidden behind dark glasses, and the audience could see his tracheostomy. 
 
    Greg was doing better now, and his huge liver had shrunk nearly 1 liter in volume. Scott was getting about, but his confidence and strength hid the pain and illness he struggled with every day. 
 
    “By 1998, we had endured years of countless surgeries and illnesses due to the ravages of this disease,” Linda said. “We increasingly felt like our boys were living on borrowed time.” 
 
    Having connected with Spencer Holland’s mom Amy in an MPS group, Linda learned of our study. “All of a sudden, we were allowed to hope again,” she said. “For many years, the only medical treatment available was bone marrow transplant. The procedure was very risky, and there was significant chance that complications might prove fatal. 
 
    Those weren’t good enough odds on the lives of our sons. So, we decided to wait and pray for a time when a lower risk treatment was developed. 
 
    Amy’s call was the answer to our prayers.” 
 
    She recounted Greg’s desperate situation at that time. “He was in his fourth year of college, and his health had plummeted,” she said. “He no longer had the energy to walk across campus, and his grades suffered. His heart was arrhythmic and beginning to fail. His liver was grossly enlarged, and his liver enzymes were abnormally high, but my determined son was still unwilling to give up.” 
 
    Greg’s health was so precarious, she said, that Scott made the tremendous sacrifice to let Greg join the study instead of him. “In our wildest imagination,” Linda said, “we never would have thought that the enzyme would still be unavailable for Scott after five years. Yes, five years have passed since Greg began weekly infusions. He has flourished on enzyme. He graduated from college summa cum laude and has a great job in our county.” 
 
    But Linda’s was not merely the success story of how the enzyme helped Greg. It was the horrific tragedy of how Scott had suffered through all of the delays. 
 
    “While we have watched Greg thrive on enzyme, we have watched a dramatic deterioration in Scott’s health. When we thought approval 
 
    was imminent, we learned that a more extensive double-blind study was necessary. Scott was standing in line to be the first to sign up for this study. Even if he was on placebo for six months, it meant that he would be on enzyme at the end of that six months, but fate would intervene when he had a serious complication during a cornea transplant. He was flown on life support to the University of Utah, where he received a tracheostomy. His cornea transplant failed, and he got acute glaucoma in his other eye. They didn’t know how much injury had been done to his vocal cords from the trauma. He developed cubital tunnel syndrome from having his hands restrained. At one time, we didn’t know if he would have normal brain function again. At another time we didn’t know if he would be able to see, speak or write again. But what we did know was that this ended his chances of being in the double-blind study, because the protocol involved pulmonary function tests, and they weren’t accepting participants with trachs.” 
 
    Scott’s story was common among MPS people: A simple procedure goes awry, and his chances in the trial are lost in a moment. Instead 
 
    of finding himself on the path to treatment, he wakes up at a hospital hundreds of miles away from the one he was put to sleep for surgery, now with a hole in his neck. It doesn’t get more shocking and tragic than that. 
 
    “Last year, Scott’s doctor was so worried for his life that he applied for a compassionate use, but Scott was denied. He is probably not going to be able to have his trach removed until he has been on enzyme for 
 
    a period of time. He gets infections regularly, and he deals with the terrible pain of crushed discs. His liver enzymes are high, and we are continually worried about his eyes. He is plagued by chronic headaches and fatigue. The challenges of living continue to grow, but Scott never stops demonstrating his strength of character and his independence.” 
 
    She paused and looked at Scott. We all did. Greg moved close to Scott. We could not read Scott’s emotions behind his dark glasses, but we knew he heard every word his mother said. 
 
    “We have endured a quarter of a century of virtual hopelessness and then almost five years of holding our breaths for this chance. It feels like we are walking on eggshells waiting for the process of approval. 
 
    We have witnessed the miracle of enzyme replacement therapy that has given Greg his life back. It is obvious to us that enzyme has helped him greatly. Anyone who knows Greg, knows that he would not go to the hospital once a week for an infusion if he didn’t have to. The option of enzyme replacement therapy has been the proverbial carrot on a stick for Scott. Approval is ever closer, but it continues to be out of reach. Scott’s life is completely dependent on you and your recommendation. 
 
    “Please look at my family, as I plead for you to recommend FDA approval for Aldurazyme. Life and quality of life is being lost every day that this treatment is not available. I am confident that you will 
 
    recommend approval if you look at the evidence and ask yourselves, ‘Do the benefits exceed the risks?’ I know that if you ask that question of the families, the answer will be, ‘Oh, yes, they do.’ 
 
    “Greg is here with us today, because he had the opportunity to be on enzyme. I am here today to ask you to give Scott that opportunity. I 
 
    thank you very much for hearing us, and we welcome any questions that you might ask.” 
 
    Linda was amazing as an advocate for her family, and the tension of Scott not being treated, while Greg was, clearly impacted the AdCom. After the Hollands brought forth the crisis of Spencer’s untreated sisters, Linda presented another untreated brother, with the brother who had been even sicker rebounding and living again. 
 
    After that emotional plea, Dr. Aoki called Mark Dant. Mark was an accomplished public speaker, and he came equipped with PowerPoint slides. Jeanne and Ryan, now nearly 15 years old, stood next to Mark, as he began his story. 
 
    “Although we see our son Ryan as normal, we realize he is not,” Mark said. “At the age of 3, Ryan’s love for sports and team play had already begun to shape his spirit, drive, and persona. At age 3½, Jeanne and I were told that Ryan’s life would be shortened to young adulthood. As years passed, his health would slowly deteriorate to a point where wheelchairs and daily pain would be more part of his life than would balls, gloves, or the friends that can be found when one is accepted by the majority in our society as normal. I have heard the passionate pleas from fellow MPS families and concur with how they have described the positive health experiences their children have gained since their lives were altered by the weekly infusions of Aldurazyme. 
 
    “Ryan began his infusions on February 13, 1998, eight weeks before his tenth birthday. I want to speak to you briefly about how Ryan’s life has changed since Aldurazyme came into it, and not just his physical life, but just as important, I want to try to relay to you how Aldurazyme has affected Ryan psychologically. 
 
    “I have seen the reams of paper and the stacks of data-filled binders which have been gathered on our son as he moved through the Phase 
 
    2 trial. I know you have each reviewed the extremely accurate and objective data on patient RCD-003 (Ryan’s code name as patient #3 in the initial study). I wonder, though, how does one objectively measure quality of life, both physical and psychological? Where in the data does it say simply that patient RCD-003 feels better not only physically, but he feels better about life and how others will accept him?” 
 
    Mark’s PowerPoint, which had shown photos of Ryan as a baby and then in various uniforms—basketball, soccer and, of course, baseball— stopped forwarding at some point. Ryan, standing next to Mark, stepped forward and fiddled with the computer, solving the forwarding issue. Mark, not skipping a beat, praised Ryan’s computer skills, and noted how he was quickly becoming “quite the computer nerd” on top of everything else. Several people smiled and even laughed, both in the audience and among the reviewers. 
 
    On the screen, tiny Ryan wore catcher’s gear and squatted behind home plate, serious in his on-field role. 
 
    “It wasn’t until Ryan was about 8 that he began to realize that he was not able to run with the same balance, speed or stamina as the other boys on his soccer team. By 8½, Ryan began showing signs of what 
 
    we in the world of MPS call ‘toe walking,’ because his left heel would oftentimes not touch the ground as he walked because his hips, knees and ankles were beginning to stiffen. Ryan’s last soccer season was that year, because he could not keep up, and he knew it. The wheelchair was moving closer to the Dants’ home. Ryan’s last year in city league baseball was also that year.” 
 
    “Physically, his shoulders, elbows, wrists and hands had stiffened to the point that grasping a bat or throwing a ball was not the same for him as it was when he was 3½. He began to realize he was not going to be the major league baseball player we all had thought he would be. 
 
    “In December of 1997, Ryan played on a church league basketball team. Ryan’s ability to stay on the court was severely limited compared to his peers because he was winded. He needed to come out just after one trip down the court. He noticed this, too, but he also noticed the other boys staring at him as he puffed and puffed, trying to catch his breath, which by that time was impossible, because his liver and spleen had grown so large, there was little space for his lungs to expand. Ryan also noticed the boys staring at his funny tummy, and by that time he decided sports would not be in his future. 
 
    “Ryan was also getting tired of his horrible headaches, which would come without notice and cause him to miss game after game. While the ‘normal’ boys were playing, Ryan would be home vomiting or trying 
 
    to sleep off the pain. Many times, our trips to or from the athletic fields would be interrupted by a stop on the side of the road for our son to vomit because of the onset of yet another headache. By the age of 9, Ryan had decided he was not like the other children. He also stopped talking about what he wanted to be when he grew up. When he was 5 or 6, he would often talk about growing up and going to high school and college, but by age 9, he began asking what it would be like in heaven. ‘What will it be like when I die?’ He knew there was no future in his world. He learned this not from mom and dad saying this, because we would not. He learned this from watching his own body and by watching the others stare at him.” 
 
    Another baseball photo appeared on the screen, showing Ryan with a bat in his hand, squared to bunt in a Little League game. 
 
    “Four years, 11 months, and 2 days ago, Ryan began changing both physically and mentally,” Mark said. “He has now grown over 8 inches and put on over 50 pounds since his first infusion of Aldurazyme. The photos you have just seen show a young man trying to pull off a squeeze bunt and beat the throw down to first base. That was last summer. It also shows a little boy playing basketball.” 
 
    Mark clicked, and photos of Ryan in a blue basketball uniform appeared on the screen. 
 
    “The basketball photos are from last Sunday’s game where Ryan was the point guard for his eighth grade B team. The Mustangs took it on the chin, but Ryan competed. He shot the ball, he dribbled, he passed, and at the end of the game, he posed for a post-game team picture with his fellow teammates. 
 
    “If you ask Ryan today, in closing, after nearly five years of changes brought about by Aldurazyme, what he wants to be when he grows up, he once again will have an answer. The three of us know that Aldurazyme has not made Ryan’s health perfect. We realize that there is no cure for MPS, but we also realize that Ryan has improved dramatically because of Aldurazyme. We have watched the boys and girls in his classes and teams accept him as what he is today, and we 
 
    have continued to watch his outlook on life change because of that. The pictures before you perhaps show things that cannot be measured by an MRI or a sleep study. They depict a happy young man getting to be what he wants to be most right now—normal. Thank you for your decision. It will change our world.” 
 
    I was so proud and grateful for Mark in that moment. He looked to the gallery and our eyes met. Both of us were thankful to be there at that moment, finally having our voices heard. 
 
    Other speakers continued to step forward. Dr. Ed Wraith, a pediatrician who served as director of the Willink Biochemical Genetics Unit in Manchester, England, spoke on behalf of the 12 United Kingdom families who have MPS disease who participated in the Phase 3 trial. 
 
    “It has been said many times this morning, and perhaps most eloquently by the parents, but I want to say it again: It is important to remember that we are dealing with a progressive disease here,” Ed said. “These children and young adults don’t have time. They have been robbed of normal childhood and normal adult life and as each month goes by, these children are deteriorating, and we have in our 
 
    hands the ability to alter this, and it is my view that we have to take that opportunity. We just don’t have time not to.” 
 
    I was so grateful that someone was making this point—and not a parent, with so much emotion at stake, but a sober, experienced doctor. Ed was one of the most experienced clinicians in the world with MPS, because he saw patients from most of the U.K. and from around the world. He told how, over the past 15 years, he had seen more than 500 patients with various MPS disorders, a highly diverse group of children and young adults, including more than 100 children with MPS I. He spoke to the high hurdle set for our company, and how we had cleared that bar. 
 
    He got straight to the point: You didn’t need a medical degree or a doctorate in science to know that this drug worked. The parents and their kids saw it work with their own eyes. “Within a very short period into the study, they knew whether their child was on placebo or drug,” Ed said. “It was obvious to them, because they could see the changes, irrespective of what the numbers or figures were showing.” 
 
    He told some individual stories of his patients. He pointed to photos of a 20-year-old woman. She had barely been able to walk and then, 26 weeks later, danced in high heels at a celebratory party. Before going on the drug, he said, she was “acutely aware of her disease and her 
 
    disability.” He told of seeing a nine-year-old girl and thinking he did not want her to endure her teens the way the other young woman did. 
 
    Ed also made another critical point. “It is important to remember that all of the patients that you see and hear today don’t have significant 
 
    learning difficulties,” he said. He told of one bright young man—“highly computer literate, certainly far better with computers than I am,”— but who couldn’t even go to the bathroom by himself. 
 
    “I realize the committee will listen to all of the discussions and think very carefully about all of the presentations before they decide,” he said, “but what I would urge you to do is to listen to the parents, listen to their desperation, see the children. These people have the same wishes and aspirations as all of us, and they deserve a chance. Please make it possible for them.” 
 
    The next speaker, Denise Dengel, told an equally remarkable story from another end of the MPS spectrum: someone who had lived with it for decades, without participating in the trials. She was 38 years old and had flown in from Seattle. She was a “mild” Scheie patient, but the fact that she was not deformed or contractured didn’t mean she didn’t suffer. She was very well-spoken and insightful. 
 
    Spencer Holland’s mother Amy remembered meeting Denise years earlier. “She was a beautiful young lady,” Amy said. “She carried herself with such confidence. When I first met Denise at a conference, she 
 
    did not look like somebody who had MPS I.” Mark Dant recalled how Denise was an inspiration to his family early on, as she did not have the deformities he had seen in the books. 
 
    MPS, like most rare diseases, is so heterogeneous that you could pose three patients next to each other and they could all look completely different. Yet Denise had many struggles, particularly by this time in her life. Her body was starting to fail her, and she was now more acutely facing the inexorable decline towards death. 
 
    As soon as she began to talk, Denise proved Dr. Wraith’s point about how intelligent the people with MPS are, and how aware they are of exactly what the disease was doing to their bodies. 
 
    Denise was not eligible for the last trial, she said, “because my pulmonary functioning was too good, which isn’t a bad thing. As you can tell by looking at me, I have a different stance than a lot of the people that you have seen pictures of and have seen. I am skeletally pretty mild and just don’t really have a basic look of an MPS person. I am, however, quite severe in my symptoms now, and that is what I want to share with you. 
 
    “I was diagnosed with Scheie Syndrome when I was 10 years old. It was 1975. At that time, the only symptoms that I had were stiff joints. I had adenoid problems, tonsil problems, an umbilical hernia, had surgery for the adenoids and the tonsils and the umbilical hernia, and my stiff joints and I went on my way. I was unable to do some things as far as physical education went, but I just found other ways to be active, and just kind of carried on in my life. I was considered a mild case.” 
 
    Mild, obviously, is purely a relative term with MPS. She dealt with one health challenge after another. 
 
    “When I was 25, I had carpal tunnel release,” she said. “Four years later, I had carpal tunnel release on the other hand, and I had the umbilical hernia removed yet again. In 1988, I graduated from college and began my career as a social worker, working with homeless and street-involved youth in Seattle. I continued with my high activity level, and when I say high activity level, I mean I was one of those obnoxious people that got up at 6:00 and went to the gym, so I could go to work, so I could come home and go biking or do something like that. I am 
 
    not talking a little bit. I was a little bit nutty about it. I loved to go backpacking with my tent and hike. It was a big part of my life. I had, of course, some things I couldn’t do, but I definitely managed.” 
 
    Denise told how she had battled neurological difficulties as well for many years. Her brain was essentially fine, she explained, but the MPS mass—her term for what was most likely a buildup of sugars—exerted pressure from outside the brain, which she felt short-circuited her wiring. “I feel like the plug isn’t plugged all the way in sometimes, and so all of a sudden the leg won’t work or my speech won’t work or I don’t work.” 
 
    That mass also restricted the flow of blood to her brain. She would have mini-strokes, seizures, and often felt “like a knife was being stuck in my head.” She also needed two open-heart surgeries. It’s a litany familiar to any experienced MPS patient. 
 
    “So, really, in the last six years, I went from being a high functioning, very active woman with stiff joints and some mild MPS problems to being somebody who, if I am lucky, I have a couple of hours a day that I function. I never feel good. I mean, that is done.” 
 
    But now, she had hope. 
 
    “Enzyme replacement therapy, it is an option for me,” she said. “I don’t know what it will reverse, I don’t know what it will fix. I want to try it. I hear from people that it helps with the fatigue, it helps with the headaches. I see the data. I am like, ‘Sign me up! Let me try that!’ 
 
    “You know, right now I know what my path is, I know what has happened in the last year, I know what has happened in the last five years of my life. I was a very, very active woman. Now, like I said, I am a woman who is going towards needing somebody to do everything for me. Right now I have people do my grocery shopping and a lot for me. 
 
    “That is a really short amount of time. So I would really like to try 
 
    it.” 
 
    Denise took her seat, and the hearing continued. Eric Merrell of St. 
 
    Louis was up next. He and his wife Vickie had two sons, Sean, age 10, and Cody, 8, who were also at the hearing. Both had MPS I, but only Sean was in the trial. 
 
    “These children have been the best thing that has ever happened to Vickie and me. We feel like they are truly a gift from God. They and their little sister Amber have taught us more about unconditional love than we ever thought imaginable. Unfortunately, Sean and Cody were diagnosed with MPS I in July of 2000, just a week before Sean’s eighth birthday. 
 
    “We were devastated, but we were told that there was an experimental drug that could possibly help, so in January of 2001, we flew to New York University to try to enter our children in the Phase 3 clinical trial for Aldurazyme. We were thrilled that Sean was accepted into the trial, but our joy quickly turned to despair when we learned that Cody was not. It had never crossed our mind that they both would not be accepted. 
 
    “Before receiving the enzyme, Sean’s abdomen was enlarged due to the deposits being formed in his spleen and liver, and his range of motion was diminishing at an alarming rate. He was beginning to have some corneal clouding and deposits on his mitral valve. Since Sean has been on enzyme replacement therapy (ERT), his condition has stabilized. Almost immediately after beginning ERT, his liver and 
 
    spleen reduced to normal size. There has been no increase in the size of deposits on Sean’s cornea and mitral valves. We are thrilled and very grateful for these changes in Sean. We now believe that his dreams and aspirations in life may come to be. 
 
    “However, every day that we awaken and watch Sean improve is another day that we watch Cody decline. Every day, we watch this loving boy struggle more and more to complete simple tasks, such as grooming himself, pulling on his favorite dragon T-shirt over his head, and bending over to tie the shoelaces on his sneakers. Every day we watch as he squints his eyes to see the screen as he plays his PlayStation 2 that Santa brought for him. Every day that goes by, we see him have less and less energy to chase his brother and sister around the backyard. Every day his abdomen grows more, as well as our fears for his future. 
 
    “It is very difficult to juggle the emotions of having one child in the trial and one who is not, and watching that child suffer more and more every day. Every Monday we go to Children’s Hospital in St. Louis and watch the enzyme as it goes into Sean’s body, wishing we could just take and put a little bit in a hidden bottle and take it home to Cody. That is why today is a very important day for our family. It didn’t matter to us that we had to travel many miles or spend thousands of hours at the hospital to receive this drug. If this drug is approved, Cody may have a chance to be a dragon slayer, a police officer, a comedian—and if you 
 
    know Cody, he is a comedian—or whatever else he may wish to become. And other children afflicted with this horrible disease may have a chance to become whatever they wish to be, maybe even a doctor who one day works with MPS children or possibly even for the FDA. Thank you for allowing us this time to talk about our children.” 
 
    Eric’s short speech was followed by Steve Smith of Chicago, whose son had MPS Type 4A, known as Morquio Syndrome. Steve’s son, Ian Michael Smith, had perhaps the highest profile of any MPS child—at age 11, he had starred in a major Disney film, playing the title role of “Simon Birch” in the 1998 movie, alongside Ashley Judd and Jim Carrey. The movie was based on John Irving’s novel, “A Prayer for Owen Meany,” about a boy with dwarfism, and at 3’1” tall, Ian fit the bill. 
 
    Like a lot of MPS parents, Steve had tirelessly traveled the country and world, going to conferences in search of solutions for his boy. 
 
    “People with Morquio Syndrome have dwarfism and very severe joint problems, and progressive problems also related to their respiratory 
 
    systems and health risks,” Steve explained. “If you knew him, you would know he is also academically a very advanced student in high school, 
 
    he is socially very well integrated, and he has already, in eighth grade, passed the college entrance exam to get into any of the top universities in this country. So he is actually way above normal in his capabilities, but I am very, very concerned about his future potential.” 
 
    Steve said he spoke at conferences in Europe, where he saw the keen interest from parents around the world on how enzyme replacement therapy is developing in the U.S. People everywhere look to the U.S. for biomedical leadership, he noted. Not just the people with the disease, but also the scientific community and the investment community. 
 
    “They are watching the process very carefully, and they are concerned that time and money and their children’s chance is going to run out,” Steve said. 
 
    “They know that they cannot provide a large number of patients, they can’t prove things the way a cancer group or an Alzheimer’s group or 
 
    an AIDS group would do, because they just don’t have those kinds of statistics to compile,” he said. “They hope the decision-makers can also weigh in this case, because of the suffering that is going on and the lost opportunity they see going away from them right in their very living rooms.” 
 
    He put the issue squarely in the AdCom’s lap. “They are hoping that those who have the decision in their hands will not only improve the science that we have going on today, and improve the medicine, but also improve the process and look at what is happening in this trial, and make a decision to release this substance, and then let’s move to the other diseases.” What Steve didn’t say and probably didn’t know, was that once the FDA delayed the approval of Aldurazyme to conduct the randomized trial, we had to cancel our investment in a treatment development program for Morquio disease and focus our money and resources on 
 
    the one product. This is the hidden casualty of the delay that was not resolved until 2016, when another enzyme therapy was finally started again at BioMarin and reached approval. 
 
    Dr. Aoki called for a lunch break. The meeting broke up slowly, with people quietly engaging in conversations throughout the Holiday Inn ballroom. The patients and families had been spectacular spokespeople for their cause. Members of our team whispered that they had detected tears welling up in the eyes of some of the AdCom members as they listened to the parents’ stories. The sympathy for these patients was palpable throughout the room. The AdCom members felt their pain 
 
    and saw their appreciation for the clinical benefit in ways that were not captured by the numbers and figures. 
 
    The patients’ stories gave me hope that we had a chance to overcome the skeptical tone that dominated the FDA’s case. I greeted the families and thanked them for their help. They worried about what was going to happen, but I told them their speeches would make the difference for sure. 
 
    In reality, I had no idea how it would turn out. While I felt the AdCom members must be feeling sympathetic, I also knew that people in general, and scientists in particular, have an ability to compartmentalize those emotions and rationalize their decisions. I had no idea whether the AdCom members could be moved one way or another. All I knew was that the patients had done their part. 
 
  
 
  
   
      
 
    Chapter 30: The Vote for Life 
 
      
 
    In talking about the parents’ messages over lunch, we allowed our optimism to grow. But when the AdCom reconvened after lunch, we grew nervous all over again. This next discussion would be the most critical. It would be followed by the committee’s vote. 
 
    Dr. Aoki brought us back to order, noting that AdCom members had asked him to “speed up the process.” To do that, they would focus their discussion on specific questions that the FDA had asked them to consider. 
 
    First up was Jesse Joad, the pulmonologist from UC Davis, discussing FVC—the lung capacity tests. She outlined in very technical terms the difference between the group that got the enzyme and those on placebo and noted that the improvement among those who were treated coincided with their growing height—which she said made the improvement potentially difficult to assess. Were they better because they were taller? Were they taller because they were better? Should lung capacity be measured as a percentage of height, which would therefore change over time? 
 
    Of course, I had my own opinions as to the answers to these questions, but I had to hold my tongue unless someone on the committee asked for my comments. Dr. Joad noted that the improvement appeared slight, but added, “in this context of a disease that’s progressive over years and years and years and would be expected to get worse over time, that within a six-month period to be able to show a difference of 4.5 percent probably is clinically important.” 
 
    Yes! 
 
    The FDA’s Karen Weiss questioned the time course; Joad said a longer study would have been great, to really see the results sustained over time. She then shot down any attempt at nitpicking in this arena: “It would be great to go back over with a bigger study and a longer time period. But given the information we have, I think it’s just people change, seasons change. As we say, the data are the data.” 
 
    Geneticist Jerry Schneider commented that he would not have adjusted for height, given how hard it is to measure height in children, particularly MPS children. Joad noted that height was, at best, only one of the things that may have had an impact on the FVC test, in addition to lung function, the size of the diaphragm, the way the bones are put together, and intrinsic properties of the lung itself. 
 
    Eric Swenson, from the University of Washington, also argued that any effort to find fault with the data was misplaced. “This finding 
 
    appears robust,” he said. “The fact that there’s maybe some glitches here and there is not enough to really overturn what I think is a significant effect here.” 
 
    Thomas Aoki called for a vote on the questions of whether the data supported a meaningful laronidase (generic name for Aldurazyme) treatment effect on lung capacity. 
 
    He started on his left with Dean Follman, the NIH statistician. “Yes,” Follman said, “I believe they show a meaningful clinical 
 
    benefit in FVC.” 
 
    Aoki called on Eric Swenson, the professor from the University of Washington. 
 
    “I believe so,” he said. 
 
    As each reviewer spoke, they pressed a button on the base of their microphone. That turned on the mic, and a red ring lit up. The person would state their vote and release the button. 
 
    Dave Schade, the endocrinologist from the University of New Mexico who had seemed so skeptical that morning, was next. 
 
    The red ring lit up. “Yes,” he said. 
 
    The voting actually picked up speed. Aoki would call their name, and they would vote. 
 
    “Dr. Woolf?” Paul Woolf, an endocrinologist from Crozer Chester Medical Center. 
 
    Red light. “Yes.” 
 
    “Dr. Joad?” Jesse Joad, from UC Davis. Red light. 
 
    “Yes.” 
 
    The voting went around the big table so fast that the videographer couldn’t keep up with the yes votes. It was surprising how fast the votes came about, as if there was no hesitation and perhaps some enthusiasm for the vote. 
 
    Even the transcriber lost track of who voted when. It didn’t matter. The votes were all in favor. Twelve to zero. I was stunned. The parents were stunned. Even Thomas Aoki seemed stunned. 
 
    “Are you guys sick?” he asked, drawing a laugh. “Clinicians and statisticians don’t agree.” 
 
    Then came Allan Sampson, the statistician from the University of Pittsburgh, with the next question, which probed whether our results showed a difference between male and female patients and if so, whether it mattered. The results did indeed show that in terms of the endpoints we measured, females improved on the enzyme, while those on placebo stayed stable. Males stayed the same on the enzyme, but those on placebo got worse. But as Sampson noted, and as came up in the earlier discussion, we were dealing with a very small sample size, even smaller when broken down by gender, making it difficult to draw distinctions. 
 
    Sampson said we could keep an eye out for any differences down the road, but there didn’t seem to be “a strong enough effect at least to necessitate new studies pre-approval.” 
 
    That, naturally, came as a big relief to me. But I still had to wait to hear what the rest of the committee was thinking. 
 
    Deborah Grady, the epidemiologist from UCSF, jumped right in with her agreement with Sampson’s analysis. “This is a small, randomized trial,” she said. “It was done on a group of patients with a very heterogeneous disease, and their severity of disease was very different, a very wide range at baseline.” 
 
    She went as far as to say that it was “really fraught with danger” to look for patterns in sub-groups. “I just think it’s inappropriate,” she said. 
 
    Lynne Levitsky, the pediatric endocrinologist from Mass General, noted that Sampson hadn’t addressed whether it was biologically plausible to see different results in the different groups, which of course it was: For “the people with the more severe symptomatology who didn’t respond as much, it may well be a time issue.” That is, she said, if someone had suffered with MPS I for a long time, they had many things contributing to their FVC—not only the lungs, but the cage surrounding the lungs, whether the liver is enlarged, and how the bones, joints and muscles are affected. “It’s easy to see why there would be a biologic 
 
    reason why the more severely affected people would show less change in this short period of time,” she said. 
 
    Jerry Schneider must have read my mind as he stepped in with his thoughts. “I agree,” he said, “and it suggests to me that perhaps this means that treatment should be started at a younger age.” 
 
    Could this really be going as well as it seemed? 
 
    Karen Weiss of the FDA, who often found the downside of everything, then brought up one of the morning’s most contentious topics: dosage. Should we try to figure out the optimal dose? 
 
    Dave Schade, who had grilled us on that topic, said he’d handle that question. I steeled myself for another round of trouble. To my surprise, he did nothing but praise our efforts and back off his earlier criticism. 
 
    His answer centered on the concept of “receptor uptake.” Earlier in the AdCom, I had noted that we achieved levels in the serum that were 10-fold higher than the half maximal uptake amount needed to get receptor uptake of the enzyme. In the case of Aldurazyme, those receptors can only handle a certain amount of enzyme. So, at the doses provided, which reached high enough levels to be saturating the receptors, it wouldn’t matter if the dose were increased. The receptor uptake would reach the same point amount, and more excess enzyme would not help 
 
    “I think the company made actually a fairly valid response in receptor uptake and the fact that maybe, no matter how high you push the dose, the receptor does limit uptake,” Dr. Schade said. “Before one automatically jumps in, like maybe I did this morning, to suggest higher dosages, I think there are some valid biochemical measures that one would look at to make sure it’s rational,” he said. 
 
    Therefore, he concluded, “the company did make a very valid response to my question.” 
 
    With that out of the way, Aoki moved on to the third question, which Lynne Levitsky presented—the examination of how far everyone walked in six minutes. This was the other major endpoint to our study. 
 
    The key measurement in my mind was that patients on the enzyme walked roughly 38 more meters than those on the placebo. Levitsky mentioned this but went on to slice and dice the data in many ways, exploring different “p-values”—the measure of statistical significance. 
 
    If looked at the analysis the way the FDA did, she said, we fell slightly short of the goal, meaning the p value was 0.06, above the 0.05 threshold. The FDA’s analysis looked at everyone in the group—some who could walk very well at the start of the study, and some who could barely walk, and some in between—and averaged how well they did on the enzyme. I had argued that we should consider their age and ability before judging whether the enzyme worked. Dr. Levitsky now agreed with my perspective and the alternative way to do the math to account for the differences. 
 
    “The company presented some very compelling reasons why, because this group is so heterogeneous, [the company’s approach represented] a very important way to look at the data,” she said. “And when they did this, they did show significance, and that significance seems to stand up over the longer period of time when both groups are being treated with enzyme.” 
 
    She said if the FDA ultimately looked at the full 52 weeks during which everyone was treated, “then I think we have very good data to support the fact that this primary endpoint was positive and that the drug made a difference in this population.” 
 
    Eric Swenson of Washington laid the issue to rest by noting 
 
    that the six-minute walk test is more commonly used in adults with cardiopulmonary disease, in which airflow from the lungs is obstructed. He came back to the distance gained in the time we had them walk: “The 38 meters or so difference is a difference in which adult patients routinely perceive that as an improvement in their lifestyle,” he said. “So this is bordering on not only an objective improvement but, in another validated study, at least something that suggests quality of life is also enhanced.” 
 
    I found this discussion incredibly vindicating, as I thought back to the management meeting at BioMarin, where I had to raise the issue against the opinions of the other managers. At that meeting, I had pointed out that not having the right endpoint analysis put us at grave risk, and yet we still used the primary analysis the FDA wanted, which I knew was likely inadequate. 
 
    That tiny bit of math mattered a great deal. If we only judged the walk test by its primary analysis results, it seemed like it fell short. But fortunately for everyone, we included in our statistical plan a second alternative method that adjusted for age and walking at baseline. 
 
    We had defined that alternate math choice upfront, and the FDA reviewers did not agree with it. But the statisticians on the AdCom considered that point of view and decided it had more validity than the one the FDA reviewers made us use. 
 
    “Then at this time,” Thomas Aoki said, “we are asked to vote on the question: Do the data indicate that a meaningful treatment benefit has been demonstrated with laronidase treatment in walking capacity?” 
 
    He started at the other end this time, with Deborah Grady, the internist and epidemiologist from UCSF. She pressed the button on her microphone. Her red light came on. 
 
    “Yes,” she said. 
 
    “Dr. Schneider,” Aoki said, calling on Jerry Schneider, the pediatric geneticist from UCSD. 
 
    Red light. “Yes.” 
 
    Even faster than the first time, each member’s red light would come on and we heard “Yes,” “Yes,” “Yes!” We had another unanimous, 12-0 vote in our favor. 
 
    The room was stunned, but no one dared break the decorum. It was all but over. Aldurazyme was going to get approved! With two 
 
    unanimous positive votes, it would seem impossible for the FDA to not approve the treatment. 
 
    I looked at Matt Patterson and the other team members and smiled. Gerry Cox and I, sitting next to each other, squeezed hands tightly in congratulations but said not a word. 
 
    Behind me, the Dants and the other families were reading our reactions, and I could see them getting excited as well. I was cheering in my mind and wished someone in the audience would just burst out in applause or cheers so we could all let loose. But no one did. It was personal and deep. It felt like the surgeon had just come out from a difficult operation on your family member, and they were going to live. The relief and happiness were powerful. 
 
    The AdCom members debated a few further issues, mostly in how we would deal with the drug once it became widely available. Who would get it? What instructions would it carry? How would we monitor any problems that might arise? It didn’t really matter to me. I was floating on air. 
 
    Finally, like a timekeeper sounding the final buzzer in a game that was decided much earlier, Thomas Aoki made it official. “Hearing nothing further,” he said, “the meeting is adjourned.” 
 
    I could have whooped with joy, but we just bounced up to congratulate each other on the company gallery. I turned and found Mark, Jeanne and Ryan Dant, and went over to share a celebratory hug. The room bubbled with excited talk, incredible relief, and lots of hugs. After seeing many families and thanking them, I returned to Gerry Cox, whose work on Aldurazyme was so pivotal for this hearing, and we marveled on how impossible everyone thought this was, and yet how we came out with 12-0 votes twice. 
 
    As I walked out of the ballroom with Gerry, we came to the front of the room where the AdCom table was, and Dwaine Rieves and I caught each other’s eyes. Dwaine had been on the FDA review team that gave us such a hard time. Now we had overcome all of their objections. I paused, smiling, though I didn’t have any thought in my head about Dwaine. I was just happy—purely happy. Dwaine blurted out, “I was just trying 
 
    to do my job.” I guess he meant that as an apology for critiquing our program in the work leading up to the event. He must have thought that by looking at him I was implying something, but that was not my intent. I didn’t need an apology from Dwaine. I just shrugged and walked off to the breakout room, where the BioMarin and Genzyme teams were getting together. 
 
    There was already a party in progress, with hugs and handshakes all around. No one had dared to hope we would succeed at this AdCom; now everyone was walking on air. Henri Termeer, the CEO of Genzyme, was there and congratulated us on our success. We hugged and thanked each other and just glowed in the light of truth and rightness having prevailed. In fact, Aldurazyme even fared better with the AdCom than Genzyme’s other product, Fabrazyme, had in the prior days. 
 
    When we were ready to go, I left the celebratory chaos to see if I could find a quiet moment. We had reserved a stretch limousine to take me and some of the other company executives back to the Marriott, and when I stepped outside, I discovered the MPS kids were mesmerized by the limo, ooh-ing and aah-ing and wanting to go inside. I let them get in to check it out, and then I realized something: My team can get taxis. Let the kids celebrate. “Okay, kids, the limo is for you, get in and it will take you to the party at the hotel,” I declared. The kids were super excited 
 
    to take a ride in the stretch limousine. Their enthusiastic reaction to that simple gesture was a treat in itself. The parents were happy to let the kids go together to the hotel for a party. So they took off. Then the company officials came out and their ride was gone. We all took cabs back to the hotel. 
 
    As the party continued at the Marriot, the relief that team members expressed was exhilarating and emotional. Someone even brought out a cake, made for the occasion. Some of us had spent 10 to 15 years of our lives leading to this one moment in time. A struggle for an entire career led to one meeting, in a dingy brown ballroom at the Bethesda Holiday Inn, and we emerged victorious. Now we could see the road ahead to treat the MPS I patients who had been waiting and waiting. We could change the future for so many families. I could not imagine a better moment. 
 
      
 
  
 
  
   
      
 
    Chapter 31: Epilogue 
 
      
 
    Eighteen years have passed since that Advisory Committee meeting in January 2003, with the drama of the families speaking out about the need for this treatment. The AdCom’s vote was just a first step, but the panel’s unanimity ensured Aldurazyme’s approval. “The words that the families spoke that day are just seared into our brains,” said Amy 
 
    Holland, the mother of patients Spencer, Maddie and Laynie. “That was a standout day we will never forget. You could see the faces of the panel, how intently they were listening, and the impact our words had on them.” 
 
    The FDA did approve Aldurazyme three months later, in April 2003, a landmark event in the development of treatments for MPS. Aldurazyme launched in the U.S. and soon after in Europe, then Latin America, Japan, Canada and other countries. The work the people at both BioMarin and Genzyme did was critical to our success, and the more than 100 people at BioMarin and dozens of people at Genzyme were passionate and driven for a cause that at one time, had been mine alone. Doing all of this was not possible without their dedication to the mission every day to do all that was needed to make and distribute an enzyme therapy to the world. 
 
    Aldurazyme is now approved in more than 40 countries and has treated more than 1,000 people around the world. After approval, the ability to treat MPS kids earlier in life became possible, and soon publications about kids treated from near birth showed how much more disease could be prevented, so that by a few years of age, it was hard to see the child as having MPS at all. Now many states have laws requiring newborns to be screened for MPS I, and children grow up barely believing the scenarios of what might have been. 
 
    I have to note that Aldurazyme’s approval also represented a crowning achievement in the life of my mentor, Liz Neufeld. Not that many scientists are able to come full circle the way Liz did. They make great discoveries and wonder where others might take them, without ever seeing them ever help a patient in the real world. Many PhD scientists working in academia never even see a patient. It brought me untold joy to help Liz close that loop. 
 
    Since Aldurazyme’s approval, MPS treatment research increased, and multiple researchers and companies have worked on new treatments for all types of MPS. Enzyme replacement therapies are now approved for five types of MPS disease. I was involved in four of them. Beyond that, there are new improved enzymes, gene therapies, and other approaches in development that put forth a future of better care and better outcomes for MPS patients, and for patients with many other ultra-rare diseases, which are no longer unknown, nor unappreciated. The golden era of ultra-rare disease treatment development is happening. Many are not solved and are still too difficult for the regulatory system to understand and appreciate, but we see improvements everywhere we look. 
 
    Ryan has been living his life. He got his driver’s license, graduated high school, graduated from the University of Louisville (his parents’ hometown college), and entered the workforce. In 2012, he began dating Silvia Ramirez, a fellow native Texan, a sweet and kind elementary school teacher, who shares his love of baseball. His parents, Mark and Jeanne, eventually left Texas and moved back to their native Louisville. In 2019, I visited them for the 145th running of the Kentucky Derby, the highlight of the year in Louisville. Among friends and families, Matt Patterson, the ex-BioMarin head of regulatory affairs had also joined us that May, which was fortunate. At dinner that night at Bourbons Bistro, a rustic bourbon restaurant in a refurbished 19th century saloon, in a 
 
    private room that Mark had reserved for our group of 24 family members and close friends, Ryan clanged his glass for a special announcement. 
 
    “Dr. Kakkis,” he said, “you have been at all of the important moments of my life. You and my mom and dad pushed the button that started my first infusion of the medicine you developed that saved my life. You were at my high school graduation. You were at my college graduation. And that is why I wanted you to be here today. 
 
    “This afternoon, just before the Derby, I asked my long-time girlfriend Silvia to marry me, and she said, ‘YES!’” 
 
    The room instantly erupted. Everyone stood up. Many people were crying, including Mark and Jeanne. Jenny and I were speechless. One by one, we all hugged Ryan and Silvia. “It was a moment that will never leave us,” Mark said. 
 
    Ryan had apparently snuck off with Silvia to take photos under the twin spires at Churchill Downs and got down on one knee and made his proposal. “I had to give it to Ryan,” Jeanne said. “I had no idea he was going to do it like that.” No one had any idea. He sure knew how to create a memorable Derby Day! 
 
    It is now July 3, 2021, and in just a few hours, Ryan and Silvia will be married. Sitting here in my Dallas hotel room, it is hard to conceive of how this all has come true. None of us would have had the nerve 
 
    to predict that we would ever reach this point. We never even spoke of the possibility. To be here now reveals the fulfillment of our deep 
 
    inner wishes for a life tethered not to disease, but to the prospects of an unknown, unpredictable future. 
 
    Progress does not always move in a straight line. While we’ve had many triumphs, we have also suffered losses. Aldurazyme is now approved and treating patients around the world. Yet we cannot save everyone’s life. We lost several patients from our first trial, the group that will always be special to me. Only four survive: Ryan, Bryant Graeber, Woody Duffy, and Jennifer Nelson. Three of the youngest, Natalia Misiejuk, Christina Leighton, and Heather Creel, had died before we even got to AdCom. Two of those three deaths were related to complications from unavoidable surgeries that still were necessary in their ravaged bodies. In the years since, we’ve lost three others—Justin McComiskey, our first patient; Greg Day, our sassy Montanan and oldest participant in the trial; and Spencer Holland, the brave little boy who paved the way for his sisters. Each one of these deaths brought its own particular tragedy. Each one took a little piece of my heart. 
 
    Even before that first infusion, I could see how devoted Justin’s mother Lynnda was. She stayed by his side, suctioning his trach tube, always giving him tender care. The McComiskeys were a tight-knit Virginia clan. Her husband Owen worked for the Navy in Virginia Beach, and Lynnda kept Justin and her two younger kids pretty close. A chain smoker, Lynnda had a cover of spunk and positivity that belied a deep sense of guilt and pain over what her son had to endure. She wanted to fix his disease and everything that came with it, but it just wasn’t possible. I think Justin had high hopes for the enzyme, perhaps too high. He had a notion in his mind that it would restore him to 
 
    normalcy, but his body was so ravaged by 17 years of MPS, his bones so horribly deformed, that he could only improve so much. Despite showing important signs of getting better, his life still did not completely turn around, and over time, he started going less and less regularly for his weekly infusions. Lynnda and I had not talked for a few years after the AdCom, so it was hard to know how he was doing, other than knowing he was going to fewer infusions. Part of this was having some allergic symptoms and not liking the allergy medicine, but I think it might have been more about not getting much better. 
 
    Some years after the AdCom, I got a call on my cell phone from an unknown number. A woman was sobbing and wailing into the phone as I picked up. She was crying so much and her words were so muddled that I could not at first tell who was on the phone. I was trying to figure out what was going on, my heart racing, like being called to a Code Blue resuscitation. Finally I realized from her accent that it was Lynnda. It seemed like something terrible had just happened. 
 
    “Lynnda, what happened exactly?” I asked. “I can’t understand you. 
 
    Tell me what happened.” 
 
    “Jus got up from the couch a moment ago,” she said. “Then he suddenly fell to the ground, and his heart stopped. And he is dead, I know he is dead.” 
 
    I pleaded with her, my words coming in a torrent, “Wait, Lynnda, did this just happen? Does he need help? Are you sure he is dead? Did you call anyone, is anyone there for him?” She told me the paramedics were coming, but that he was dead. She was sure of it. Her sobbing subsided, and she steeled herself to ask me an important question. 
 
    “Doc, do you think Jus could hear me tell him how much I loved him while he was down on the ground, before he died? Do you think he could hear me?” 
 
    I didn’t know the answer, so I said, “Justin knew how much you loved him. No kid could ever have a better mother. Look at all the things you did for him, and for your kids. You did everything any mother could have done.” She insisted and kept begging me for my opinion on whether he could hear her right after he collapsed on the ground. I cycled again through, “Of course Justin knows how much you love him, and he has to know after all these years, of course, Lynnda.” 
 
    “Yes,” she said, and slowing down even more and more clearly emphasizing each of the critical words, “but did he hear me when he was laying there as his heart stopped, could he still hear me then? Doc, could he hear me then?” 
 
    I finally realized how important the moment and her specific question was for her. I realized that I needed to just hold her hand. 
 
    “Yes, of course he could hear you,” I told her. “Even though his heart had stopped, his brain could still hear you talking to him for many minutes. So he definitely could hear you.” 
 
    “Are you sure, Doctor? I just wanted to make sure he heard me then.” “I know he heard you. His brain was still thinking and listening even 
 
    if he could not move to tell you that. He heard you.” 
 
    She seemed more reassured and began to calm down, her wailing reduced to a slow, soulful sob. She did everything anyone could have done for Justin, and he had a special life, but just one different from anyone’s original plan. 
 
    After Justin died, another few years went by. I didn’t have a chance to talk to Lynnda again and she didn’t respond to invitations for reunions. 
 
    But I thought of her and that phone call often. I found out later that Lynnda had died, only a few years after Justin, still relatively young herself. The burden was just too much for her. Her younger son Tim, one of Justin’s siblings, did grow up and have a family and was proud of his mother and brother and how much they went through. Siblings can sometimes have the greatest insight and compassion after having gone through so many years of difficulty. 
 
    I wondered whether Lynnda carried the guilt some parents feel for the genetic burden they passed on to their child. It’s an understandable emotion, even if the disease is clearly no one’s fault. Parents still carry the burden of knowing where a genetic disease comes from. 
 
    It was also understandable Justin didn’t want to keep going to infusions and that she accepted that. Justin’s improvement was real, but not enough to completely change the direction of his life. The life- or-death choice for people with chronic diseases is a hard one. Should 
 
    they fight for the best life they can have and enjoy some good moments, however difficult and dysmorphic they may be? Or should they let go and die? 
 
    For some patients, the benefit in getting the therapy was just seeing that the world did care for them, and that they had a chance to feel better for a while, even if their ultimate fate was not changed. In the beginning, Greg Day, patient 6, was so blue and constantly out of breath, it was hard to imagine him thriving. But he did. He felt better and got back home to Montana. Soon enough, he was going fishing again, which we captured on video. Of course, he was so good at it, he caught a trout while the cameras were rolling. 
 
    “Before my infusion, there was no way I could be out here doing this,” he said. “And that’s what I love to do—come down here and fish.” He went back to school, earning a degree in environmental geology from the University of Montana-Western in 2001, and getting a job with the Madison County Weed Board, searching Montana’s forests for non- native plants and targeting them for removal. I couldn’t imagine someone who almost died walking up the stairs could improve so much that he wound up doing field work, hiking around in the mountains at high elevation, but that was Greg. 
 
    He did well on the enzyme, but since he was already 22 years old when we started the trial, his heart had suffered a lot of damage, due both to MPS and to two prior open-heart surgeries before treatment began. With the enzyme, his heart had gotten better, but the structural damage was too much, and he eventually started having issues again. 
 
    I begged Greg to move to a lower altitude to help reduce the stress on his heart, but he wouldn’t leave his family or Montana. Clearly, he would rather die there, hiking around, than live anywhere else. 
 
    He ultimately had four open-heart surgeries in his life, the last one in late summer 2005, when he was 30 years old, after seven years on enzyme therapy. Later that year, he spent his last night enjoying an annual winter stroll with his whole community. The next day, Dec. 3, he 
 
    had a sudden episode and fell down. His heart had stopped. And that was the end. He died at the Ruby Valley Hospital across the hall from where he was born. 
 
    In his obituary, his family wrote: “Greg told us he had three goals in his life: graduating from college, working in his chosen field, and being instrumental in finding a treatment for MPS diseases. Because he 
 
    accomplished those goals with his own unique style and grace, Greg has been absolutely delighted to spend his last months with his dad and best friend, enjoying nature, conversation, and the pursuit of the proverbial ‘big one.’” 
 
    “If you knew him,” his family wrote, “you appreciated his candid wit, soft heart and punch line grin. But, if you really knew and loved Greg, you are probably a redneck. If passionate is a word you think of when remembering him, you must be familiar with his fly cast, heard him tell a hunting story, or connected with him over a Philadelphia Eagles game or a noxious weed discussion. The nature behind Greg’s stories kept us all on the edge of our seats, whether the truth or a whopper… His extreme approach to cribbage will live throughout the Ruby Valley in infamy.” 
 
    Greg’s brother Scott, who also had MPS but could not get on the drug until it was finally approved, died in 2008 at age 34. Like Greg, Scott had been fiercely independent. Even with his many health problems, he wanted to live on his own. After one procedure on his eye, he stayed with his parents in Sheridan for a week, but once he regained his eyesight, he returned to his home in Dillon, 37 miles away. 
 
    Like Greg, Scott was something of a character. He once called his mother from Kansas City, telling her, “I flew out here to pick up a sports car.” He planned to stop and visit friends and relatives on the way home. “He called me on his cell phone,” Linda said. “He was holding the phone with one hand and using the other hand to talk with his trach. I said, ‘Hang up the phone and drive.’” 
 
    Linda once asked Scott, “’Given the choice, would you have liked to have had a normal life?’ Scott said to me, ‘No. My friends don’t get life. I would have missed that if I was normal.” 
 
    What he meant, Linda said, was that many people have only shallow lives. “My boys had really intense, faithful, loyal, loving relationships,” she said. “Some people never get those. They were blessed and we were blessed to have them.” 
 
    “That’s a lot of wisdom coming from a 22-year-old.” 
 
    Greg and Scott had a sister, Danette, who did not have MPS. Like so many other siblings, Danette was moved by her brothers’ plight. When she was 16, she wrote a letter to her congressman supporting scientific research in dogs, which he read into the Congressional Record, Linda said. Danette earned a master’s degree and is a mental health counselor. 
 
    Like the Day family, with two sons with MPS, lightning had struck more than once in the case of Steve and Amy Holland. Their son, Spencer, and two younger daughters, Maddie and Laynie, all had MPS, a rare trifecta. The Hollands’ deep faith helped them weather many challenges. Steve’s father was the mayor of the small town in Texas where he and Amy grew up, and Steve served for many years on the city council. That civic mindedness carried over to MPS, where he became the president of the National MPS Society, raising money for research and advocating for better regulations that could help more therapies gain approval. At one point, the Hollands participated in a story the Wall Street Journal wrote about the challenges of paying for the treatment. 
 
    They noted that, when their children were in the study, they received the drug for free. But once the drug was approved for commercial use, they would have to pay for it. “We weren’t worried about it,” Steve said. “We said, God will provide. When it becomes commercial, we’ll deal with it.” Spencer took it all in, but apparently the terminology confused him. The next time the family went to the hospital for their infusions, he asked, “So when are we doing the commercial?” 
 
    Spencer was the spirited boy who bravely participated in the first trial, enduring all the tests and needle sticks of “Hell Week” to help find a treatment for his younger sisters. He was also the patient whose crisis in his fourth infusion made all of our hearts skip a beat. I always 
 
    had a soft spot for Spencer, as I did for all of my patients. These kids had been dealt a tough hand, and I wanted to do anything I could to make their lives better. 
 
    Spencer loved dogs more than anything. “Spencer was a dog dreamer,” Amy said. “If we didn’t have one, he dreamed about the dog we would soon have. He traveled with picture books that listed every dog known to man.” Even as an eight-year-old, he could recite breeds and characteristics as if he’d memorized an encyclopedia. Sitting with Spencer for six hours every week, we often discussed dogs, and one day I took him to see the Plott hounds that we used to test our enzyme. (The colony had moved to Harbor-UCLA from Tennessee by the time the first trial started. The dogs helped us work out the method to reduce the risk of reactions like Spencer had.) We bred beagle-Plott hound mixes, which we called Pleagles. Some of the dogs in the litters did not have MPS, although they had the gene for it—and we would give them away to people. I managed to get two of the Pleagles for the Hollands, went through a grueling amount of paperwork, and flew to Texas to deliver them. You should have seen the look on Spencer’s face. He honored the gesture by naming one of them “Kakki” after me. 
 
    Spencer got much better with the infusions. In a video, he dribbles a basketball around an outdoor court, then launches it into the basket. 
 
    His mom said he had so much energy that he started waking up as early as 4 am. 
 
    His sisters, who participated in the next trial, also improved, although Maddie in particular still had a lot of problems. Spencer earned his driver’s license and drove his sisters everywhere. There was something fearless about him. One year, Steve and Spencer went to an MPS conference in Venice. While Steve attended a session, Spencer went 
 
    out sightseeing. “Whenever he ran out of money, he would stop and ask people to pay for a soda or whatever,” Amy said. “He was always a little directionally challenged, and at one point, he ran into one of the doctors, who asked, ‘What are you doing out here?’ He had complete faith he would be taken care of.” 
 
    In December 2007, Spencer turned 18. Despite his health challenges, he maintained a normal teenager’s life and was having a great year as 
 
    a senior at Castleberry High School in River Oaks, Texas, where his parents had gone. He enjoyed performing in the band and in theater productions, singing in the choir, and playing on the tennis team. He received first division awards for his trumpet solo at a regional competition and for his vocal solo at the Texas state choir competition. A devout Christian, he led singing at Castleberry Church of Christ, participated in youth group activities, and volunteered every summer as a junior counselor at a Christian summer camp, where he touched the lives of many children. 
 
    He hoped someday to get married and have children and was thinking about what kind of job he might get. As an MPS patient, he was well aware he would need good health insurance when he got older. 
 
    Through it all, he kept getting his weekly infusions, and occasionally he’d have reactions where his stomach would cramp up, just like in 
 
    the early days. Those painful spasms no longer represented a threat, however, as the doctors would give him some intravenous Benadryl and the cramping would pass. 
 
    But in January, 2008, to address compression in their spines, he and his sister Laynie participated in a clinical trial that would deliver some of the same enzyme into the spinal fluid with lumbar punctures. We hoped this would help reduce the sugar storage and avoid surgery. It was still an experimental procedure, but the Hollands were veterans of such trials. 
 
    Spencer received the treatment on a Thursday. The next day, Laynie received hers. Then Spencer developed a severe headache. Laynie suffered from similar headaches quite often, and the doctors had given the parents Fentanyl patches to alleviate her pain. When Spencer developed the headache, they gave him one of her patches. 
 
    Unfortunately, Spencer had a sensitivity to the medication, causing him to go into respiratory depression. He stopped breathing that night and never woke up. A well-intentioned attempt to ease their child’s pain had gone horribly wrong. 
 
    “We made lots of hard decisions over the years, where we thought about them for a long time,” Steve said. “This was a quick decision, made without much thought.” 
 
    “Our perspective is that having MPS is like being in a battle. We as parents were drafted into battle—we didn’t ask to join. To win the battle, someone has to go to the front lines to fight the disease. Just like in a real battle, people die. Sometimes they die in a friendly fire accident. That’s what this was, friendly fire. That doesn’t make the battle not worth fighting.” 
 
    Maddie, who turned 30 in 2021, and Laynie, 28, live at home with Amy and Steve. They’ve both suffered some cognitive effects from the disease, but both were able to graduate from high school. Both had other complications through the years. Maddie fell off her mobility scooter 
 
    on a trip to see a specialist in Boston in December 2015 and suffered a severe spinal cord injury. The family had to stay in Boston eight weeks, and it took her a year to recover. She also has fairly serious psychiatric problems related to her MPS. Laynie had to have her heart valve replaced in October, 2019, but has recovered very well. 
 
    Laynie has long loved fashion and worked at a Gap store. She went on to work for a publisher, packaging children’s books, and has also worked as the church secretary. She maintains an Instagram account devoted to fashion and is always giving her mother fashion tips—or preventing her from going out in what she sees as an embarrassing outfit. 
 
    The Hollands see the big picture: Without the enzyme, their kids were on a downward slope, and they could see their deterioration almost every day. “The treatment put the brakes on it for the most part,” Steve said. “From our perspective, things are so much better with the treatment.” 
 
    While Aldurazyme extended and improved these patients’ lives, the deaths of Greg, Justin and Spencer—and those who passed before them, Natalia, Heather and Christina—served as a reminder of the insidious nature of the disease and the need to treat before the body is too damaged to recover. As we approach the 25th anniversary of that initial trial, however, it is also rewarding to celebrate those who still 
 
    survive: Ryan, of course, and Woody Duffy, Jennifer Nelson, and Bryant Graeber. 
 
    Woody, a spunky 12-year-old, was the fifth patient in the study. Once he got the enzyme, he found himself able to unleash all of his abundant energy. In a video shot for the Ryan Foundation, Woody splashes in 
 
    a pool, walks on a balance beam, and runs through a playground, scampering to the top step where—borrowing a different reference to “Titanic” than the one I had used in a much less happier situation—he declares, “I’m king of the world!” 
 
    “Since I had the enzyme, I’ve felt a lot better,” Woody said. “I’ve had more stamina. My house is on Fourth Street. And my friend’s house is on Ninth Street. I usually had to get a ride, but now I just walk to his house.” 
 
    His mother, Beth Tullis, had been skeptical when she first heard about the enzyme. But then Woody’s health started to improve almost immediately. “And then I started to hope,” she said. “And then the strangest thing in the world happened. I got used to him getting better. It’s a gift that I’ve been given that no price—there’s no price on that.” 
 
    On camera, Beth fights back tears. “It is such a huge thing,” she said. “It gives a mother back her child. I mean, that’s huge.” 
 
    Following the trial, Woody started focusing on what he called “the acting thing,” working with a local theater group in San Luis Obispo, where he got involved in many productions as an actor, director, or in other capacities. Being quite the character, he found his niche in the diverse and accepting theater world. His eyesight had gotten better early on, but ultimately got worse, impairing his ability to read and see. Now in his 30s, he still has as outsized a personality as ever. 
 
    Bryant Graeber is now 37 years old and is still doing really well. By the time he joined our study as patient 10 at age 14, he had had carpal tunnel surgery on both wrists, heart valve leakage, three spinal fusions and eight hernia operations. Once he started on the enzyme, all of those problems were gone. 
 
    Today, he works as a greeter at the Harris YMCA in Charlotte, N.C. He took the job immediately after graduating from high school in 2003, something he was newly able to do, since the enzyme therapy gave him the energy and stamina to work all day. In January 2014, he reached the incredible milestone of welcoming his millionth visitor. The entryway to the Y was named in Bryant’s honor, and the mayor of Charlotte declared the occasion “Bryant Graeber Day.” 
 
    “Bryant is a bit of a celebrity in town,” Melissa said. She is particularly proud of his independence. 
 
    “He has his own apartment. He takes the special transportation bus to and from work. He’s able to take care of himself. We do have a support system, with an agency here that helps him with cooking and shopping.” 
 
    Through his job, Bryant befriended Steve Wilks, who was a coach with the NFL’s Carolina Panthers from 2012 to 2017. When Wilks was hired as head coach for the Arizona Cardinals the next year, we were all in for a treat. He brought Bryant and his family to Phoenix for practices and 
 
    a game, and Bryant included me and my wife Jenny in the invitation. We got to sit in the coach’s box with Coach Wilks’ wife and kids. It was an experience I’ll always treasure, particularly because of how much it meant to Bryant. 
 
    Bryant is also close to his sister, Cameron, who has been a strong supporter for Bryant and the family. Not enough attention is given to the siblings of children with serious illnesses. “She had to take a backseat much of the time,” Melissa said. Cameron, who is two years older than Bryant, stayed with her grandparents for six weeks during Bryant’s infusion. Her experience growing up with a brother with MPS drove her to earn a master’s in social work, with a focus on disabilities. 
 
    Bryant, who had entertained us with his enthusiastic “Hallelujah” and “Praise the Lord!” at the infusions, remains a dedicated churchgoer. “Bryant has a really strong faith,” Melissa said. “It’s very black and white with him. He’ll tell you this: ‘Life is great on earth, but it’s better after.’” 
 
    The families from that first infusion have remained close, and I’ve enjoyed bringing them together for a reunion every so often. “We crave to be together,” said Linda Day, Greg’s mother. “All those people are my other family.” 
 
    Bryant, never shy, suggested that we have the 20th reunion in Hawaii. 
 
    How could I refuse? So we arranged it. We had a 20th reunion and big party in San Francisco, and then all the families that wanted to go, whether their children were still with us or not, took the trip to Hawaii. They had a wonderful time, with luaus on the beach and all the joys of the tropics. I was glad we could give them that treat after all their efforts on the trial and the challenges that came after. 
 
    Barbara Lyons says she’s in touch with Christina Leighton’s sister, Megan, who—much like Bryant’s sister Cameron—became a nurse because of her experience with our clinical trial. “The siblings have such an incredible and unique perspective,” Barb said. “You’d think that for siblings of children with chronic diseases, it can be a hard life for them, but it can also give them strength and insight into what people go through. They can develop into strong, compassionate people.” 
 
    In the beginning, Jennifer Nelson fared very well, with improved energy and less fatigue. She became more involved with her mother’s daycare center and got out of her room with a more positive view of life. On Facebook, I have watched her post about her favorite little dogs, 
 
    fingernails, makeup, and lots of things a young women might indulge in, but rarely about MPS, which for me represents a wonderful success. The disease is not gone from her life by any means, but at least it is not top of her mind all the time. 
 
    What made these stories possible was the development and approval of Aldurazyme, but work didn’t stop with that FDA approval. The biggest remaining issue was getting the enzyme across the blood- brain barrier, which typically protects the brain from anything in the bloodstream. Unfortunately, the barrier also prevents the enzyme from getting efficiently to the brain when given intravenously. 
 
    Even though Ryan and many other less severe MPS kids had high functioning brains, Mark Dant was thinking about many other kids who had more significant brain problems. Our enzyme just didn’t get to the brain well enough to fix these problems—something that had become all too clear in Natalia’s case. 
 
    The Ryan Foundation continued supporting my laboratory at Harbor- UCLA to develop a way to treat the brain part of MPS disease, funding a project to help deliver Aldurazyme directly into the spinal fluid. Since the brain is bathed in spinal fluid, our thinking was that the enzyme 
 
    could be delivered more directly that way, giving the brain a much higher amount of enzyme. 
 
    We tried treating the MPS-affected dogs with this approach and were elated to discover that not only could the enzyme diffuse around and into the brain, it was taken up into the brain cells. In less than a month, we could clear the brain of the storage of GAG that we could measure. It was incredibly effective, at a time when most scientists thought a large 
 
    molecule like an enzyme could never penetrate the brain sufficiently. The work was very exciting and was presented internationally and published not too long after. Soon, others tried injecting other enzymes for storage diseases into the spinal fluid, and all of those worked too. 
 
    With this exciting prospect for treating the brain, I hoped we would press ahead, but BioMarin and Genzyme did not fully appreciate the project. Instead, people raised concerns and, over a few years, the project got stuck. We tried to work in this area independently, with grants, but progress was incredibly slow. The science was strong, and other researchers and companies proceeded, but unfortunately, we did not. A trial of spinal fluid enzyme for the brain in MPS patients was finally started by the team at Harbor-UCLA supported by BioMarin and Genzyme, but the enrollment of study patients was so slow that 
 
    it took many years and still never collected enough data to get the approach approved. So being too rare hurt treatment development again. 
 
    Some doctors now give patients the spinal fluid treatment despite no formal trial ever being conducted, as doctors can prescribe any approved drug they want for any condition they think it would help. 
 
    In the beginning, we thought the brain problem only afflicted the more severe patients and didn’t relate it to Ryan, who we thought was thriving. After a few more years, however, it turned out that Ryan was not doing as well as we thought. 
 
    Once Ryan had gotten on regular enzyme treatments, he was able to go back to school. A nurse trained Mark and Jeanne in how to administer the infusions at home, making life a lot simpler for the family. I attended his high school graduation, and he went on to junior college for some time. Around 2009, when he was 21, Ryan’s memory started failing him. While driving, he would get disoriented and forget where he was, calling his parents to find him. At school, he did alright in some subjects, but he could never finish biology, because he could not adequately remember 
 
    all the detailed facts. He would study and study, but he was not able to pass the tests. He could not read an entire book and keep track of the characters and story line. 
 
    As Ryan’s memory and brain function got worse, he stopped going to school. Over the next 18 months, he lost confidence and became withdrawn and depressed. Mark realized that all the work to treat the brain that the Ryan Foundation had been funding at my lab might actually help Ryan himself. 
 
    “Emil, Ryan is starting to get lost, like someone with Alzheimer’s who can’t remember where they are,” Mark told me, and I could hear his heavy heart over the phone. “It is crushing him, and us as well, to know he is losing this ability to think and remember.” 
 
    Mark described going to Minnesota for an annual brain functional assessment with Elsa Shapiro, a neurocognition expert, and said the tests revealed that Ryan was clearly losing memory. “His numbers are going down,” Mark said. 
 
    I told Mark about the great results we were getting with the spinal fluid treatment. “They are doing the trial at Harbor-UCLA, so he should go there and do it,” I said. Getting enzyme put in your spinal fluid means doing a “spinal tap,” which means putting a needle between the vertebrae in your back—what’s known as an intrathecal injection. The enzyme solution is injected into the fluid there and then makes its way up to the brain. 
 
    In 2011, Mark took Ryan to Harbor-UCLA, the place where the treatment began in 1997, to enroll in the trial. As with any trial, patients had to meet certain criteria in order to be enrolled. One such test would show that a dye placed in the spinal fluid would actually make its way to the brain. I did not think they should use this test, because so many MPS patients had so much thickening of the meninges—the sheath around 
 
    the spinal cord in the neck—that the dye might not get to the brain. We only needed a little bit of enzyme to move to the brain, but the dye test was not sensitive enough to detect such a small amount. Because of this, I had advised the team at Harbor-UCLA not to restrict patients based on the results from this fluid movement test. There were so few patients to begin with, why go out of your way to eliminate some who really needed it and have no other options? 
 
    Ryan’s spinal fluid flow test showed that he didn’t have detectable fluid movement from his spine to his brain, due to his thickened sheath at the neck level. The doctor informed the Dants that they couldn’t participate in the trial, with no apparent regard for the impact such demoralizing news would have on them. 
 
    That evening, Mark sent me an urgent email, relating how he, Jeanne and Ryan were devastated to learn that Ryan could not participate in the trial. They feared that Ryan was going to decline and be lost. When I called him, he sounded emotionally crushed. 
 
    “The trial test said his spinal fluid wasn’t getting to the brain so the treatment wouldn’t work for Ryan. What are we going to do now?” 
 
    I explained to him how the lack of observable flow doesn’t mean that some fluid cannot get across, even if it is slow. I also told him that the enzyme concentration being given is 1,000-fold the concentration 
 
    needed to get brain clearance—so much excess, that some small amount should get past the barrier and be enough to treat the brain. And once the enzyme treatment starts, it should shrink the meninges, the thickened sheath tissues around the spinal cord in the neck. The enzyme should melt away the storage in those tissues, so with time the fluid flow could significantly improve. “Mark,” I said, “we are going to get Ryan treated this way.” 
 
    “How is that possible when we cannot enter the trial?” Mark asked. “The enzyme is approved and is available,” I said. “You just need 
 
    another doctor who wants to use this off-label or is willing to run their own little study at their center for Ryan alone. And do it without the restrictions.” 
 
    I told Mark he would need to find a doctor in his local hospital’s hematology-oncology department who customarily performed spinal fluid treatments. 
 
    As it turned out, while Mark and I were conferring, Ryan was not giving up. He posted on Facebook, “Things happen for a reason. Things you don’t think are possible happen, and you’re shocked and upset. I’m going to continue to march in the direction I was. Nothing is going to stop me from fulfilling my dreams.” 
 
    A nurse who knew Ryan saw his post and wanted to help. Sarah McNeil had helped oversee Ryan’s early Aldurazyme infusions, when he returned to Texas in 1998, and at this point was working with neurologist Elizabeth Maher at the University of Texas Southwestern Medical Center. Although Dr. Maher specialized in brain tumor research, she did perform spinal drug injections. “I’ll never forget her response,” Sarah later told the Dallas Morning News. “She said, ‘Why wouldn’t we do this?’” 
 
    Mark told me about Dr. Maher’s willingness to help. 
 
    “Great,” I said. “Here’s what we’ll do. You connect with her, and I will get the protocol together and talk her through the approach. She can take the protocol and get approved at her location and start treating him. We have not come this far to let this stop us.” 
 
    It seemed obvious to me. We had something very simple right in front of us with an approved enzyme. We could apply it and help Ryan. 
 
    “Everything I am seeing in our research says this works and works well,” I said. Mark was relieved. 
 
    Within some weeks, Mark had connected with Dr. Maher, and I provided a protocol. I spoke to Dr. Maher and thought she was perfect for the job—smart, insightful and not afraid to try something new. In pediatric cancer, everything is new. The life and death nature of the work inspires doctors to be bold in trying to solve problems that are difficult and uncertain. When she looked at our product, Dr. Maher thought it seemed easy. “This is just an enzyme,” she said. “I have put far more toxic things into the spinal fluid for cancer. Not a problem.” 
 
    With the protocol set at UTSW, Ryan showed up for his first injection. 
 
    He was nervous, but hopeful. I felt the same, but I was reasonably confident it would work. Ryan got the first injection in a smooth 30-minute procedure. Not a big deal. He went back for another one 
 
    month later, then a third and then a fourth. Mark told me Ryan seemed to be doing better, feeling stronger and more confident. He was not getting lost. It seemed like it was working. Could we be sure? 
 
    After the fourth injection, Ryan went back to Minnesota for another brain functional assessment. The results were stunning. His memory scores had jumped back up to where he was years before, and his other performance scores improved as well. Ryan felt sharper. He started testing his abilities. He continued on the treatments, getting one now every three months for maintenance. 
 
    Within one year, Mark let me know that Ryan had read a novel from cover to cover in a couple weeks, which he had never done before. He could now remember the characters and everything in the story. He decided to re-enroll in junior college and take the biology class he could never pass. He did great, earning a B-plus. His mind was coming back. The intrathecal treatment was working. 
 
    The result was so stunning that his case was written up and published in a scientific journal. Ryan made a YouTube video so that other kids could get comfortable with the procedure. He still got intravenous Aldurazyme every week at home, and now part of one vial of Aldurazyme once every three months at UTSW. This has been his regimen to this day. 
 
    We had come back from the brink again. For a second time, Ryan Foundation support came through to save Ryan. 
 
    Ryan went back to Brookhaven Junior College and received his associates degree in 2013, then transferred his credits to the University of Louisville in his parents’ hometown. He and Mark loaded his Mustang and drove 15 hours to Louisville on New Year’s Day 2014 to start life 
 
    on his own. A nurse came to his dorm for his four-hour infusion every week. 
 
    His passion for sports never faded. While at Louisville, Ryan was on an athletic scholarship as a student equipment manager for the football team for three seasons, helping players like Heisman Trophy winner Lamar Jackson, now a major NFL star. Ryan spent one summer working in the visiting clubhouse at the Texas Rangers baseball stadium. He found himself rooting against his beloved Rangers, thinking, if the visitors win, “they’ll give us a bigger tip.” Former Cy Young Award winner C.C. Sabathia once tipped him $200. 
 
    Ryan spent another summer as an intern with the San Francisco 49ers, and five years working part-time for Southern Methodist University football coach June Jones as an equipment manager. I was able to go to Louisville for yet another special milestone in Ryan’s life, when he earned his bachelor’s in sports administration in May 2017. I gave him a watch and told him, “For me, it’s always been about giving you time.” 
 
    Now his parents have moved back to Louisville and Ryan has returned to Texas. During this time, he met and started dating Silvia. On a trip to Los Angeles, he even took her by the bungalows to see where we made history together. He still gets his weekly infusions, and he 
 
    is working as an administrative assistant at a hospital and considering careers in sports administration, biotech, or patient advocacy. I can’t imagine anyone better suited to any of those jobs. Finally, with love in his life, he was living the full life one could hope for, but which no family affected by MPS had ever felt they could expect. 
 
    Having found both inspiration and my purpose from Ryan, I spent 11 years at BioMarin, ultimately getting approval for an enzyme treatment for MPS type VI and a treatment for phenylketonuria (PKU), another rare, enzyme-related disease. The company developed four other programs—treatments for MPS type IV, a brain disease called Batten’s disease using intrathecal enzyme therapy, another treatment for PKU, and finally most recently for achondroplasia—based on work I started there. I rose to the rank of chief medical officer and served in that role for four years, until I left the company. 
 
    In 2009, I founded the EveryLife Foundation for Rare Diseases, based on my frustrations in getting Aldurazyme developed and approved. The foundation is now based in Washington, D.C., where it works with the FDA, Congress, and companies to improve the processes, approach and innovation required to diagnose and treat more rare diseases. 
 
    So many rare diseases are still untreated. While the individual diseases are rare—often affecting less than one in 50,000 people—in total, they are actually common. Thirty million Americans suffer from one of more than 7,000 rare diseases, and millions more have family members that are afflicted. An estimated 93 percent of rare diseases have no FDA approved treatments, and 50 percent of rare disease patients are children. 
 
    Most importantly, the foundation educates decision-makers about the need to be able to use biomarkers of disease activity for diseases like MPS, which is what the FDA’s Dr. David Finbloom was going to allow us to use for Aldurazyme before his untimely passing. The ability to develop rare disease drugs using accelerated approval and biomarkers 
 
    is still inadequate and needs to be fixed. The FDA needs to do more to knock down the barriers that prevent rare diseases from taking advantage of the science. So many diseases, particularly neurologic 
 
    diseases, do not get adequate attention or the best of use of our science. 
 
    Part of that is due to 
 
    outdated thinking about how to assess drug efficacy, and part is due to the FDA putting staff who are not trained in rare diseases in charge of review groups. 
 
    Mark Dant serves as chair of our board, along with many other dedicated advocates, and he continues to run the Ryan Foundation, raising millions of dollars over the years on behalf of MPS. Much of that funding has gone to what is now called the Lundquist Institute, which is affiliated with Harbor-UCLA Medical Center, where we did our work in the bungalows all those years ago. 
 
    Many people from the initial team have stayed in biotech, helping to develop therapies for many other diseases. But we all know there will be nothing like that initial push that created Aldurazyme. Becky Tanamachi tells of one colleague, Quoc Nguyen, who ran the commercial facility for Aldurazyme and has been looking for another project like that since then. “I told him that I came to the conclusion that I wouldn’t have that again so I quit trying,” Becky said. “Lightning doesn’t strike twice. It’s enough you had it the first time. You did something really worthwhile with your life. That’s something to be proud of.” 
 
    Finally in 2010, I founded a new company called Ultragenyx to work on more rare and ultra-rare genetic diseases. My desire is to handle these diseases as they should be, including by providing early access 
 
    or compassionate use to treatment when it is appropriate and assuring access after approval. 
 
    In 2013, soon after starting the company, we were working on a therapy for MPS type VII, also known as Sly syndrome, after Bill Sly, the St. Louis doctor who discovered the disease, and who had been a key figure in our efforts to get Aldurazyme approved. Before we had even treated our first patient, I received a call from a mother in Queens, N.Y., telling me her son, affected by MPS type VII, was at the hospital with serious breathing problems and it appeared he was dying. I had met her years before when we first started the program, but we hadn’t talked in a while. “Doctor, where are things with that treatment you were working on?” she asked. “My Matthew really needs it, and I think we are going to lose him soon.” 
 
    Matthew could not survive long enough to wait for the trial in the 
 
    U.S. This was our first test of whether we could be different. After the loss of Caroline Vermillion, Matu Olujic and others from not providing compassionate access to Aldurazyme years before, I did not want another life lost, when we could do something. I could not bear the burden of more regrets as more people died because they didn’t get the treatment when it was available. I had confidence the enzyme would rapidly help his breathing, based on our years of experience and our animal data. 
 
    We asked Dr. Joyce Fox, the doctor who diagnosed Matthew, to call the FDA and request expanded or compassionate access. In support 
 
    of her request, we sent the FDA a lot of paperwork, and one week later, the agency approved Matthew’s treatment. We invited Bill Sly to attend the first historic infusion of an MPS type VII or Sly syndrome patient. We celebrated our overcoming the improbability of this ultra- 
 
    rare disease, MPS type VII, ever getting treated. Matthew’s liver shrank and his breathing improved dramatically in just a few weeks. He woke up and was more alert and engaged with his family. Eight years later, Matthew is still a severely affected kid, but he came back from the brink. He has stayed on the therapy and is doing well. We have done the same for other MPS type VII patients around the world. We have also supported early access for a second drug many dozens of times to help save patients with a different disease. Having formed our own company, we had the chance to do this the right way, developing an 
 
    approved treatment, yet not waiting for that approval to help patients at the moment they’re in crisis. As we saw in the effort to get Aldurazyme approved, the FDA does not readily accept new treatments when there is no precedent or history to rely on. That has not changed all that much in the past two decades. But we have gotten better at making our case, and these days, I have an entire department assigned the task of developing new ways to measure disease and drug effects. 
 
    The FDA decides whether we will have a chance to be successful or whether the rules for rare diseases will raise the bar to impossible heights. I’ll never forget the pivotal moment in my Aldurazyme experience when an FDA team of five led by Dr. Finbloom broke down the barriers at our first meeting. They knew how rare this disease was and how lucky we were to have an option to treat the patients who 
 
    suffered from it. That team believed in the science and guided us to use the disease’s biomarkers. That was a reasonable way to treat this ultra- rare disease. They let us get to the clinic with only our model studies and with a continuous improvement process in our manufacturing. 
 
    They enabled us to get to the patients sooner than most experts thought possible. What a difference that made. I wonder now how our time after that point might have been different if Dr. Finbloom had not died of cancer, but instead had survived to cheer us on when the results came back as strong as we had hoped. We probably would have gotten approved earlier, with substantially less money spent. With the money we saved, we might have developed other treatments earlier as well instead of canceling those programs. 
 
    The inability to qualify a simple biomarker test that would show how much disease is in a patient makes it impossible to treat some complex diseases, especially those that affect the brain. The continuing request for studies with impossible clinical endpoints—for diseases that probably have to be treated before symptom onset—leaves families with such diseases like MPS type III, Sanfilippo syndrome, with 
 
    enormous challenges. We have so much good science behind our efforts. On their end, the FDA needs to hire the right people to review and approve difficult complex rare disease therapies, using disease activity biomarkers, so that we can start the process of saving more lives with the science we already have. 
 
    For some of the rarest diseases, I’ve seen families go so far as to struggle on their own to get funding, start their own companies and develop a therapy that can save their child. I still get calls on a regular basis from people whose children have just been diagnosed with an ultra- rare disease. There is no cure or treatment, and their search has somehow led them to me. They are hoping that I can do something. Sadly, I am not able to tackle every rare disease that comes my way, but I can offer them some advice from my experience. 
 
    I tell them that if they are able to raise some money, they should not go looking for well-established senior scientists, the so-called top in their field. Find someone who is young and hungry, like I was when Mark Dant first found me. A grant of $50,000 won’t mean much to someone who is getting millions of dollars from the National Institutes of Health, but it could mean the world to a smart young researcher, just starting out with new ideas and needing support. 
 
    The money from the Ryan Foundation allowed me to buy key pieces of equipment and hire people that enabled me to do enough experiments to advance the therapy and attract the attention of BioMarin. In the right hands, a similar gift could advance the effort to find a therapy for the next rare disease. 
 
    I have often described the rare disease patient as someone treading water in a cold lake at twilight, trying to stay afloat as the frigid depths threaten to overtake them. They are calling out to the shore, trying to get someone’s attention. But no one hears them. People are going about their business on land, walking back and forth, laughing and playing. No one notices the person out in the lake. As drug developers, we are the ones who must hear the voices and turn to the lake. We see them out there. We cannot know if we have the rope that can reach them, but we tell them we are here. We see you. And we will throw whatever lifeline we can to reach you. The patient recognizes that we have seen them. 
 
    Knowing you are not forgotten or ignored is a tremendous relief, even without a treatment. Getting to the treatment at least has a chance now. 
 
    Saving Ryan gave me my purpose in life. Treating him and those other first nine kids in their first-ever infusions of a new therapy was such a transformative experience that I committed myself to repeating that moment over and over again. This resolve brought me forward to treating as many different rare diseases as I can and enlisting as many people as I can to help me achieve this challenging feat. Finding that rope we can throw to them, however imperfect, is an act of humanity that is profound and reassuring for our future. I find there is nothing else more compelling one can do in human experience than to fight for the treatment of rare diseases and then see it happen successfully. 
 
    I can’t begin to describe the joy I felt watching Ryan and Silvia walk down the aisle. Ryan was looking sharp and a little nervous in a tan tuxedo, and Silvia was glowing with love for all. I’ve never seen two people with bigger smiles—except maybe Mark and Jeanne, as they saw their young man fulfill so many people’s dreams. So many Ryan Foundation supporters were there as well, enjoying what their labors helped provide for the little boy they knew so many years ago when nothing was guaranteed. 
 
    Bryant Graeber was there with his mom, as was the Holland family. 
 
    So were Dr. Lewis Waber, who originally diagnosed Ryan, and nurse Sarah McNeil, who gave him early infusions and who helped set up his intrathecal infusions. But MPS was not the star. I thought about all the trial kids who had not made it, and how I wished they could see this. I know they would be so happy for Ryan. 
 
    At the end of the evening, Ryan and Silvia got into a limousine and headed off to a hotel. They were leaving for a Caribbean honeymoon the next day. After that, who knows? 
 
    Emil Kakkis, 
 
    July 3, 2021 
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    Dr. Lew Waber (Dallas, Texas) who diagnosed Ryan (Chapter 2) 
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    Ryan as young boy after diagnosis, with Nolan Ryan, August 1992. (Chapter 2) 
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    Steve Blow’s (Dallas Morning News) article on Mark Dant was one of the first pieces that got noted widely. 1996. (Chapter 8) 
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    The C3 Bungalow where the early work producing Aldurazyme took place. Beginning in 1991- 1994, the enzyme was produced before moving to Bldg E4. Human’s first dose wouldn’t be until 1997. (Chapter 5) 
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    First meeting at UCLA with Mark and Ryan Dant with Liz and Emil, July 1995. Ryan inspired the scientists and the Ryan Foundation found the scientist they needed. The Ryan Foundation delivered the first check for $40,000 that day. (Chapter 9) 
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    Becky Tanamachi with an early running version of the culture system circa 1997-1998. The 19-liter flask is in the middle. On the right is a tower controller that measures all the sensors in the top of the 19-liter glass flask. A rubber heater blanket is around the flask to maintain the culture at body temp. The tanks on the right have oxygen and nitrogen for “breathing” into the flask to oxygenate the cells. The two pumps on the left are for harvesting fluid and refilling the culture flask. (Chapter 12) 
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    Assembling the first simple low cost production system circa 1992. The early production setup including the brown incubator obtained for free from UCLA and the small refrigerator and pump below. The red liquid to the right is pumped into the culture in the incubator and the culture fluid pumped out into a container in the refrigerator. (Chapter 5) 
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    Ginger Griffin was the wonderful young woman whose family became friends with the Dants. She died in 1996, the year before the trial was started due to surgery complications. Her photograph was then placed on the door entering the lab, so that all that came into the lab could remember that people are waiting. (Chapter 11) 
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    On Ryan’s first trip to California to meet Dr. Kakkis, Ryan also got to meet Tommy Lasorda and players at Dodger stadium, July 1995. (Chapter 9) 
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    Ryan and Tommy Lasorda at Dodger stadium, July 1995.(Chapter 9) 
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    The core members of the iduronidase production lab in Building E4 circa 1998: From the left, Harold Gonzales, Becky Tanamachi, Andy Craddock (in front), Peter Schindler (in back), Lesley Shinohara, Betty Jean Lamb (in front), and Chad Mierau (in back). (Chapter 11) 
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    Vik Anand appears to be trying to help Ryan do an experiment, with dry ice in the E4 laboratory, 1998. (Chapter 17) 
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    Becca Yang (left) and Merry Passage help Ryan examine cells under microscope, 1998. (Chapter 17) 
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    Barbara Lyons, the nurse coordinator with our first patient Justin McComiskey (Patient #1). December 1997. (Chapter 16) 
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    Lynnda McComiskey with her son Justin (Patient #1) and Heather Alicia Creel (Patient #2). The first two patients treated in the trial. Circa 1998. 
 
    (Chapter 17) 
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    Heather Alicia Creel, (Patient #2) smiling after receiving her first infusion. The patient’s were given an empty vial as momento of the infusion which is in her hand. Circa 1998. (Chapter 17) 
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    Emil setting up the IV and sampling port for Justin’s first infusion. To the right is the back of Merry Passage setting up for specimens. To the left is Liz Neufeld waiting to start the first dose. Just behind her is Lynnda, Justin’s mother. December 1997. (Chapter 16) 
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    Liz Neufeld pushes the IV Pump start button to begin the first dose with Emil watching. To her right is the nurse Janie Olsen. Emil watches while Chris Brock films the historic moment. Dec 19, 1997. (Chapter 16) 
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    The entire clinical and manufacturing team posing after the first dose of enzyme administered to Justin, December 1997 Left to right, Vik Anand, Betty Jean Lamb, Harold Gonzales, Ansha, Peter Schindler, Emil, Justin, Becca Yang, Lesley Shinohara (kneeling in front), Liz Neufeld, Merry Passage (high in back row, Becky Tanamachi (face peeking out), Andy Craddock, Connie (Emil’s secretary) and Barbara Lyons. (Chapter 16) 
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    Steve and Amy Holland arrive at the airport (March 1998) with their son Spencer (Patient #4), to begin the trial, picked up by Emil who captured this moment. (Chapter 17) 
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    Spencer (Patient #4) starts his infusions (March 1998), with a stuffed dog next to him for this “dog dreamer” as his mother notes. (Chapter 17) 
 
  
 
  
   
    [image: ] 
 
    Ryan working on the culture system 1998. (Chapter 17) 
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    Emil with Ryan in the production lab with the 19L culture system used to make the enzyme in the back - circa 1998. (Chapter 17) 
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    Ryan Dant Patient #3) Circa Feb 1998. (Chapter 17) 
 
  
 
  
   
    [image: ] 
 
    Ryan Dant (Patient #3) setup for his infusion and blood sampling to measure the enzyme’s levels. On the left arm he would get an infusions, and then on his right arm we put in another catheter to draw blood and flush the line so the concentration of enzyme in the blood could be determined. The kids had to endure two IV’s for four hours for these major visits. Circa Feb 1998. (Chapter 17) 
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    Ryan (Patient #3) August 1998 completes 6 months of infusions and enjoys a cake with Merry Passage on the left and Barbara Lyons, in the center. (Chapter 17) 
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    Ryan (Patient #3) celebrates with his parents after completing 6 months of infusions. August 1998. (Chapter 19) 
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    Beth Tullis with her son Woody Duffy (Patient #5), hanging out during the video/photo session part of the clinical trial. 
 
    Circa 1998 (Chapter 17) 
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    Woody Duffy (Patient #5) preparing to obliterate Dr. Kakkis mercilessly using his Nintendo firepower on screen. Circa April 1998. (Chapter 17) 
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    Greg Day, (Patient #6), with his usual baseball cap, at an early infusion visit with two IV’s in place. Circa April 1998. (Chapter 17) 
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    Jennifer Nelsen (Patient #7), center, with Emil and Barbara Lyons at the beginning of the trial. Circa April 1998. (Chapter 17) 
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    Melissa Bryant with her son Bryant Graeber (#10) and grandfather Don Bryant. Circa May 1998. (Chapter 17) 
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    Christina Leighton, (Patient #9), on the left with her mother Julie, father Ken and sister Megan at the start of the trial. Circa May 1998. (Chapter 17) 
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    Miroslawa Misiejuk, mother of Natalia (Patient #8), consoles her daughter who was fussy at the beginning of the trial due to pain in her limbs and joints which seemed to get better. Circa May 1998. (Chapter 17) 
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    Matu Olujic, the fun-loving young kid with his mother, flew from Croatia to Los Angeles, and dropped by my bungalow with the hope that they could gain access to the enzyme. 
 
    Circa 1999. (Chapter 24) 
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    Dr. Kakkis with 9 of the patients at the Queen Mary Celebration, October 1998. (Chapter 19) 
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    Elizabeth Neufeld with Emil at the Queen Mary Celebration after completing the 6-month trial, October 1998. (Chapter 19) 
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    James Jeter, center, the videographer that captured Ryan’s story with Chris Brock, camera man, right, and John Klock, then-President of BioMarin, left. October 1998. (Chapter 19) 
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    Eduard Miseijuk beaming with his daughter Natalia and wife Miroslawa posing with Robin Doroshow, the cardiologist for the trial on the right. 
 
    (Chapter 19) 
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    The BioMarin team responsible for filing the Biologics License Application to the FDA. In the center above the BioMarin sign, is Emil with a FedEx box with 5 CDs that contain the electronic application to be shipped to the FDA. Circa 2002. 
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    Practicing for the Adcom Meeting in Bethesda, Maryland. Gerry Cox at left. At the far end of the table is Joseph Muenzer. January 2003. 
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    Gerry Cox presents the trial findings to the advisory committee sitting at the U-shaped table in front. The company gallery is on the right. January 15, 2003. 
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    The Advisory Committee or AdCom set with the “company gallery” where company employees and consultants would sit. Matt Patterson is on the left. Seated right to left is Emil, Joseph Muenzer, Karen Walton-Bowen, the statistician. Behind is Stuart Swiedler with the red tie. We are waiting for the program to begin. January 15, 2003. 
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    Melissa Bryant with her son Bryant Graeber present to the Adcom meeting. 
 
    She set the stage with an excellent presentation, clear and concise on what enzyme therapy has done for Bryant.January 15, 2003. 
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    Vicky Mabry center, interviewing Emil for 60 Minutes II. The episode first aired in April 2001. On the left is Barbara, a producer for the segment. 
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    “Saving Ryan” On 60 Minutes II debuted nationally on CBS in April 2001. 
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    The Dant family presenting at the AdCom Meeting January 15, 2003. 
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    The Holland family presenting at the AdCom Meeting, January 15, 2003. 
 
  
 
  
   
    [image: ] 
 
    The AdCom kids celebrate at the end of the Ad Com meeting, 2003. (Chapter 29) 
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    The AdCom kids eye the limo and then take a ride to the hotel in it afterward. (Chapter 30) 
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    Ryan graduates high school with his parents, May 2007. (Epilogue) 
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    Ryan at his graduation from University of Louisville with Emil. Emil is wearing the tie from the first infusion of the trial. May, 2017. (Epilogue) 
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    Ryan and Sylvia take their vows in a Texas chapel. July 2021. (Epilogue) 
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    Ryan and Sylvia first kiss after vows. July 2021. (Epilogue) 
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    Emil and wife Jenny watching video of Ryan and Sylvia at their wedding. July 2021. (Epllogue) 
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    Emil with Ryan and Sylvia at their reception. July 2021. (Epllogue) 
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    Ryan and Sylvia Wedding Day • July 2021. (Epilogue) (l-r: Emil, Sylvia, Ryan, and Jenny) 
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    Over the last 25 years, Dr. Kakkis is best known for his work developing novel treatments for rare diseases including developing an enzyme replacement therapy (Aldurazyme®) for the rare disorder MPS I, the subject of the story, “Saving Ryan”. 
 
    Dr. Kakkis has developed or started 11 approved treatments for rare diseases and he founded Ultragenyx in 2010, a global rare disease company that is developing treatments for seventeen more diseases. 
 
    In 2009, Dr. Kakkis founded the EveryLife Foundation for Rare 
 
    Diseases, nonprofit organization that works on public policy issues related to the treatment of rare diseases. He founded Impositivity Media with his brother Aris to bring to light great stories too good to be true that inspire people to do impossible positives. 
 
    He has received numerous publications and awards from his innovation and leadership work on treating rare diseases. 
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The 30-Year Journey Into Saving the Life of a Child

SAVING

Dr. Emil D. Kakkis
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Dad’s deadline
puts our own

) l .Ve
We all face
deadlines. Boy do
1 face deadlines.
And we all hit a
big one last week
— April 18,
But few of us
face the kind of
STEVE deadline pressure
BLOW that Mark Dant
must deal with ev-
ery day.

Mark will soon breathe a big sigh of
relief as one of his deadlines is met. This
is the weekend of his annual fund-raising
porty and golf tournament for The Ryan
Foundation,

But even when it's over, a larger dead-
line will still loom over Mark and his
wife, Jeanne.

It was supposed to be just a routine
physical four years ago. Their son, Ryan,
was entering preschool, and a medical
checkup was required.

“The physical found that his liver was
enlarged,” Mark said, That led to a bar-
rage of tests and then a summons to a
meeting with experts,

“It was & very doom-and-gloom story,”
Mark recalled. “They said Ryan's life ex-
pectancy was 10 years. They said there
was no hope for treatment, and that any
future children of ours had o one-in-four
chance of having the same thing, It was a
horrible day.”
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Ginger Griffin loses

battle with disease
Services scheduled Frlday

Ginger Griffin, who fought a
courageous battle with muc-
opolysaccharidoses throughout
her life, died Wednesday
morning of the lengthy illness
at Methodist Hospital in Hou-
ston.

The 25-year-old daughter of
Northeast Texas Community
College Athletic Director Bill
Griffin and math instructor
Dr. Mel Griffin was a fixture
with her father in the base-
ball dugout as a bat girl.

Ginger was born July 23,
1969 and was a native of
Carthage. She lived in Mount
Pleasant the past three years
after her father came here
from Big Spring to begin the . 2
baseball program at NTCC. Ginger Griffin

Ginger was the bat girl for :
baseball teams at both Panola gz%ree ee lgh:rvta?zr]r;o X:O;:::}
and Howard where her father |/ o%ét. PauPs Presbyterian
coached and won national Church
titles. She also stayed active She had 5n aicton for
withithe NTCC baseball pro- tennis and her favorite ath-
gram and sat in the dugout lete was star Andre Agassi
with her father and was an Sho alio ol attos.
inspiration to those who knew i y 3
her.

Ginger earned an associate’s

See Ginger, Pg. 3A
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