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			Note about the Data in This Book

			Data described in this book have been obtained from currently ongoing animal or clinical studies. Therefore, beginning cycles of a fasting-mimicking diet is advised only after evaluation by and under the careful supervision of a patient’s own specialized doctor and oncologist. It is extremely important to avoid malnutrition, a negative prognostic factor in both acute and chronic disease, but also to ensure that this and other nutritional interventions are appropriate considering the type and stage of cancer and the therapy to be administered (see appendix 1).

		

	
		
			Note from the Author

			The Longevity and Healthspan Clinics of the Create Cures Foundation in the United States and the Valter Longo Foundation in Europe specialize in assisting patients and physicians in integrating standard approaches with innovative, evidence-based interventions. We focus on nutrition and molecular biology but also on the body’s natural ability to fight cancer and other diseases. The foundations’ mission is to help everyone live long and healthy. With available funding, assistance is offered at a discounted rate or free of charge to those who suffer from advanced-stage cancer and other pathologies and who cannot afford these integrated cures. I do not take a salary from L-Nutra, which I founded, and in addition I will continue to donate my shares of the company to research and charity. I also donate all of the earnings from my books to the Create Cures Foundation and the Valter Longo Foundation.

		

	
		
			To all the patients fighting for an opportunity to beat cancer and live a long life

		

	
		
			Preface

			In 2012, The New England Journal of Medicine, considered by many to be the leading medical journal in the world, asked me to assess a scientific article regarding experimental models of neoplasm (an abnormal growth of cells that can be either benign or malignant).

			The article in question demonstrated that rational and well-timed use of fasting was able to reduce the growth of cancer cells and increase receptivity to chemotherapy. In particular, the editors of the medical journal were interested in understanding whether the results obtained by testing mice and neoplastic cells could eventually be obtained in cancer patients. In short, I was being asked to predict the future with a crystal ball made up of complex mechanisms dictated by metabolism and immune system. I was already aware of this branch of research and the team that spearheaded it, namely that of Professor Valter Longo. However, this was my opportunity to study more in depth the reasons and workings of this innovative approach to treating neoplastic disease.

			I must confess the medical horizon appeared hostile to the inclusion of fasting or fasting-mimicking diets in treatment for cancer patients. In general, we, doctors and oncologists included, receive a drug-focused training and therefore focus on administering drugs to treat illnesses. We know little about the powerful metabolic effects of food and fasting, so we find it hard to admit they play a role in treating patients diagnosed with cancer. In addition, my medical and scientific training was directed at preventing and treating malnutrition in cancer patients. For this reason, at first glance, my clinical and scientific capabilities seemed to be not only estranged from the fasting method used in oncology but downright antithetical. I still remember the reaction to Professor Longo’s address when he spoke at the 2012 European Society for Clinical Nutrition and Metabolism Congress in Barcelona. While I was not present for his speech, I heard about the furious discussions during the Q&A session, with most in the room strongly believing patients should be fed a lot of food during treatment. Maybe the heated exchange was the reason that Professor Longo did not attend the social dinner later that evening, in the fear of his plate being laced with some form of cathartic drug. (In truth, Valter has always told me he did not attend simply because he lost the invitation card.)

			Science, especially medical science, proceeds by hypothesis, verifications, and possible successes. This means that everlasting dogmas, in every corner of the universe, cannot exist. Universal laws can be drawn only in physics. Therefore, the best way to allow medical research to evolve, with its patients’ well-being in mind, is to not accept the concept of ipse dixit, of an inflexible and immovable authority, but constantly ask oneself questions with a curious and critical spirit in the face of evidence, however counterintuitive it may be. With this spirit in mind, when I was rereading the article in The New England Journal of Medicine, two key points were clear to me: (1) the scientific evidence presented was more than solid; (2) in cancer patients, it is possible to hypothesize a synergy between protection of the nutritional status and the fasting-mimicking diet, where the former is aimed at safely implementing the latter. I concluded my readings with “cautious optimism” and trust in the clinical studies being conducted at the time to test the efficiency of fasting and a fasting-mimicking diet.

			Thirteen years have gone by since then, and the role of fasting and the fasting-mimicking diet is no longer a taboo in treatment of patients. Experimental studies conducted years ago are now supported by clinical data in both healthy people and cancer patients. Some cancer centers are already open to the integration of traditional therapy and metabolic therapy, at least for some types of cancer. Furthermore, the overall scenario for the fight against cancer has become more complex and requires innovative strategies. It is evident that many antineoplastic drugs, i.e., anticancer drugs, have a reduced efficiency compared with what was shown in studies performed to request approval from regulatory authorities (for example, the Food and Drug Administration [FDA] in the United States and the European Medicines Agency [EMA] in Europe); such approval of a drug is necessary before it can be put on the market. Many new drugs are extremely expensive but also require improvements of their effectiveness profile. Lastly, recent statistics seem to underline a progressive reduction in the cancer mortality rate but simultaneously an increase in long-term side effects due to cancer and perhaps to therapy itself. This scenario brings to the forefront the importance of the patient’s quality of life, a parameter that is often forgotten or undermined in the approval of new drugs.

			This book is not intended to represent new guidelines in cancer treatment. Rather, its objective is to simply pay tribute to the work of a group of scientists in recent years that has led to great promise for cancer patients. The scientific evidence on fasting and fasting-mimicking diet is solid and concrete but undoubtedly does not yet allow them to be included in standard-of-care therapies. It does, however, allow them to be considered for integration into standard therapy, especially when there are no alternatives proven to be effective. In consideration of the metabolic power of fasting and food, the recommendation is to decide whether to follow this option only after having discussed it with an oncologist. Fasting and the fasting-mimicking diet in oncology are not panaceas and remedies for all ailments, and they do not guarantee control or regression of the disease. The book discusses how clinical responses vary depending on the cancer type and patient. Therefore, integrating clinically tested fasting-mimicking diets under medical supervision into standard-of-care therapies should be considered an option that allows for an increase in one’s own chances of reaping benefits from antineoplastic drugs. And whereas we may not think a 5 percent discount is a big deal at the grocery store, for a cancer patient a chance of recovery that is increased by 5 percent could be lifesaving, literally.

			I would like to end on a more personal note. After the article’s publication, I met Professor Longo in person, and we began collaborating and became good friends. I believe in Valter, and I share the thought that a profitable collaboration is based on the recognition and respect of each other’s capabilities. As in life, diversity and respect help to achieve great results. I am convinced of the potential of integrating fasting and the fasting-mimicking diet in the treatment of cancer patients and those affected by other diseases, but only clinical trials can provide conclusive results on the matter, which is why our efforts continue.

			Alessandro Laviano

			Associate Professor of Medicine in the Department of Translational and Precision Medicine at Sapienza University of Rome, Italy

		

	
		
			Introduction

			In 2019, a young female patient came to the foundation clinic and told me she had advanced-stage breast cancer, possibly incurable. Her initial meeting with an oncologist had been brief and hurried, and she was hoping that I could help further. As a biochemist, a cancer researcher, and a juventologist (someone who studies the health span in efforts to maintain youth), I started to think about whether the cancer in that woman was unavoidable. Why did she—and nearly half of the U.S. and European population—get cancer at all? I was well aware that mice, whose life span is about two and a half years, would start to develop tumors around one and a half years of age, but people rarely developed tumors at that age. So cancer depended not on time but on the aging and life span phase of the organism. Aging was by far the major risk factor for most cancers in both mice and humans, so I knew that we should focus on aging to prevent cancer. But why was everyone talking about preventing cancer, if aging was by far the major risk factor for cancer?

			I often start a medical presentation by asking the audience, “How much longer do you think we would live on average if we completely cured cancer today?” The answers range from ten to twenty-five years. Everyone is very surprised when I tell them, “Sadly, it’s only three to four years longer.” Recently, I pointed this out to one of the most famous cancer scientists on the planet, who responded, “Then shall we all stop cancer research and go home?” As someone who spends half of his time focusing on cancer research at the USC Norris Cancer Center in L.A. and the IFOM Institute of Molecular Oncology in Milan, Italy, I was trying to make the point that we should concentrate less specifically on cancer prevention and start focusing more on slowing the aging process, since it is a major risk factor for many diseases and dysfunctions, not just cancer.

			At another conference, someone raised their hand and relayed to the audience, “I knew a lady who every morning around eleven used to drink a glass of grappa [a grape-based distilled spirit from Italy]. Then one day she moved into a nursing home, and when she turned one hundred and three, they told her that for health reasons she could no longer have the grappa. Shortly after, she died.” Everyone laughed and expected me to defend the decision of taking away the grappa, but they were surprised when I said light alcohol consumption (up to a few drinks per week) has either a neutral or a slightly positive association with longevity. A journalist moderating the interview pointed out that alcohol should be completely avoided by everyone, since it is a cancer risk factor. But that isn’t accurate: although alcohol is a risk factor for certain cancers, the effect of low alcohol consumption on the risk for most cancers is either very small or null. We should be focusing on how alcohol affects juventology and health span, not just cancer. Yes, a certain food or drink could cause a slight increase in the risk of developing cancer, but it could also have protective effects against diabetes, cardiovascular disease, or Alzheimer’s, or it could simply make the person much happier and willing to fight to live longer and healthier. That food or drink can still be recommended to most people but should be avoided by someone at high risk for developing one of the tumors affected by alcohol (for example, head and neck cancers).[1]

			We need to treat aging or, better yet, promote youth span (the period of life during which a person remains young) and health span. But this is not as easy as it seems. Just like the decision whether to drink alcohol, the decision to follow a specific diet must be based on multiple factors. Take, for instance, Emma Morano from Verbania, Italy, whom I followed for the last five years of her life. She called her doctor, Carlo Bava, when she was over 100 (she lived until 117, the oldest person in the world when she died) and told him she thought she should stop eating red meat. Dr. Bava asked why, and she replied, “A journalist told me that it causes cancer.” While meat consumption is a risk factor for cancer, it should have been a secondary worry for the centenarian Morano. For years to come, cancer will be one of the most common and lethal diseases worldwide, and adopting a diet that delays aging and prevents obesity will be the best way to avoid it. The Longevity Diet was created with this in mind; and its recommendations should be tailored to each person and their specific age. For example, the centenarian Emma might have benefited by eating red meat to avoid malnutrition, which is a major risk factor for older adults, and not worrying so much about its associations with cancer. Someone who is forty-five, on the other hand, should be more concerned with both the prevention of cancer and malnutrition factors. Additionally, finding the right team to implement antiaging and cancer strategies can be the difference between life and death for many people, as it was for Emma, who found Dr. Bava.

			According to the American Cancer Society, people in the U.S. have about a 40 percent risk of developing cancer and a 20 percent risk of dying from it.[2] This is not just an American problem, since the numbers are similar in Europe. Cancer Research UK reports that about 50 percent of people living there will be diagnosed with cancer in their lifetime.[3] In Italy, the Italian Association of Medical Oncology (AIOM) in collaboration with the Italian Association of Cancer Registries (ARTIUM) determined that 50 percent of men (one in two) and more than 30 percent of women (one in three) are likely to be diagnosed with cancer.[4]

			One wonders how we have been so successful in reducing the risk of cardiovascular and many other diseases but have had very limited success with cancer. The answer lies in the molecular mechanisms responsible:

			
					
					Cancer can start in most cell types and organs, giving rise to forms of the disease that share some similarities but also have major differences.

				

					
					A tumor mass does not include a single cancer cell type but rather many types, each of which could respond, or not, to a particular therapy.

				

					
					Even if a cancer therapy is effective against 99.9 percent of cancer cells, those one in one thousand cancer cells that do survive can generate new masses, which are often more difficult to fight than the original ones.

				

					
					Tumor masses can contain cancer stem cells, which can continue to generate new cancer cells even if the therapy appears to be effective.

				

					
					It is relatively easy to kill cancer cells, but it is much more difficult to kill cancer cells without killing or damaging normal cells.

				

			

			The standard cancer therapies, ranging from chemotherapy and immunotherapy to hormone therapy, need improvement, particularly in being effective against a wider range of cancer cells, in killing cancer stem cells, in preventing cells from becoming resistant to the therapy, and in preserving normal cells. Fasting and nutrition may have the highest potential to provide this type of integrative approach to cancer treatment, at least for the foreseeable future.

			An “Unconspired Conspiracy”

			Why are so many people getting cancer? The answer lies in part in what I call an “unconspired conspiracy.” We have known for years that a Western diet rich in calories from animal fat, proteins, refined carbs, and sugars can lead to obesity and cardiovascular disease in addition to increasing the risk for cancer and neurodegeneration. Yet food companies, pharmaceutical companies, the media, hospitals, clinics, and doctors participate in this unconspired conspiracy by going along and promoting the status quo. It is “unconspired” because there is no outright collusion between the food industry that sells unhealthy processed foods, candy, or sugary drinks and the pharmaceutical companies selling drugs to treat nutrition-related diseases like diabetes and heart conditions. In addition, the great majority of doctors have good intentions, and they don’t have many alternatives for treatment other than prescribing those medications. As I discussed in my first book, The Longevity Diet, the solution is clear: to improve your health, adopt a diet and lifestyle that increase your chances of a long, healthy life. This is based not on my opinion but on hundreds of studies related to the five solid pillars of longevity (epidemiology, clinical trials, basic research focused on longevity, studies of centenarians, and studies of complex systems).

			The science is clear, yet the world is slow to change and collect the benefits in terms of health, life span, and financial savings (the U.S. spends nearly 20 percent of its GDP on health care). Why?

			
					
					Most doctors are trained for sick care. They usually receive only one course on nutrition in medical school, so they are not taught how diet can promote a healthy longevity or how to get patients to adopt and maintain a longevity lifestyle.

				

					
					Some food and drug companies benefit from “information confusion”—the persistent and contradicting data on what foods are healthy and unhealthy—and are able to push drugs as the primary way to treat a condition or disease. They pay thousands of academic consultants and fund the many commercials and ads you encounter daily. Not all companies do this; there are many that promote healthy foods and create remarkable drugs. And I am not against drug therapy; I am only against those that are ineffective or merely put a Band-Aid on a problem that may be better served by nutritional and other lifestyle changes.

				

					
					Hospitals and clinics can make much more money if people are chronically sick than if they live a disease-free life. It may not be intentional, but there is no incentive to cure people.

				

					
					Scientists frequently use a one-pillar strategy (for example, a focus on epidemiology) and are often steeped in their own world of research and academia. While it is critical that scientists be focused on their basic research, this often comes at a price to the patients. While this strategy is great for the advancement of science, it’s terrible for people who are sick, at least in the short term. The solution is for scientists to be part of the treatment team together with doctors and nutrition experts.

				

					
					The media is often confused by all of the above and is worried about backlash from food companies, drug companies, and the medical community alike.

				

			

			It’s an unconspired conspiracy because everyone, including me, is going along with a system that keeps us employed and makes many companies and hospitals rich. So who is responsible? We all are. We are in dire need of academic sources of information we can trust; doctors who are properly trained in nutrition and health span; hospitals that truly care about helping people become healthy and stay that way; and food and nutritechnology companies (like the ones I founded) that focus on the health and longevity of their customers and on the environment without making money a major factor. (To reduce the conflict of interest that affects so many professionals in the health-care field, I do not take a consulting fee or a salary from L-nutra, and I have pledged to donate 95 percent of my shares to research and charity, with the remaining 5 percent to be invested in socially and environmentally responsible companies.)

			Teams of Doctors and Biologists

			This same mission-based mentality should be applied to everyone, and nutrition and fasting held as central pillars. Unfortunately, in recent years we have grown progressively more concerned with our positions on health: lifestyle versus genetics, vegan or carnivore, traditional or alternative medicine. If we could move away from this us-versus-them mentality and concentrate on the fundamentals of health and longevity, while keeping in mind tradition, history, and the effect of dietary choices on pollution and the environment, we could achieve much more at a lower cost. For example, someone who likes meat may belong to the carnivore ideology and refuse to acknowledge any of its negative effects, whereas a vegan may refuse to acknowledge that some vegans may experience malnourishment. If we instead focus on the mission, we can help people find a path to live longer and healthier regardless of ideology.

			Consequently, a mission-based and problem-solving approach is essential. I want to stress the importance of building clinics with multidisciplinary medical teams including physicians, molecular biologists,[5] dietitians, psychologists, and other specialties working together to solve complex medical problems. In our Los Angeles Create Cures Foundation Clinic, registered dietitians are working closely with physicians and molecular biologists, as well as with external specialists treating cancer, diabetes, cardiovascular disease, neurodegeneration, autoimmunities, and other diseases, many at advanced stages. I have to admit that the initial phases were challenging for everyone. We wrestled with determining the role of each member of the team. I had to reassure the medical doctors that they were in charge of any decision related to disease treatment and how much time they should spend with their patients, but we slowly overcame these challenges and are now beginning to publish studies on the efficacy of the teams, the Longevity Diet, fasting-mimicking diets, and other science-based nutritional or integrative interventions on patients with a range of diseases.

			Old Cancer Therapy Versus New Cancer Therapy

			Years ago, when I was attending one of the largest cancer conferences in the world, I noticed the organizers didn’t have any sessions dedicated to side effects of cancer therapy. So I proposed to organize one in the next conference; they turned down my request, even though the influential conference did not have a single part dedicated to patient protection. This sort of thinking represents the old cancer-therapy model based mostly on the magic bullet (chemotherapy, immunotherapy, etc.) to kill cancer cells. We should reconsider this outdated mentality and instead provide patients with the type of 360-degree care and multidisciplinary team that can maximize the chance of a cure but also improve healthy longevity. In this book I talk about not only how nutrition and fasting-mimicking diets can lead to better care but also the right type of medical team and system to optimize the therapy. For what I call the “Longevity Revolution” to be successful, the doctors must welcome it, dietitians working with these doctors need to implement it, and companies need to develop new products or services that will help people have longer and healthier lives while simultaneously generating revenue.

			Why is a 360-degree care method implemented by a multidisciplinary team necessary, particularly in the cancer-treatment setting? Because each cancer has a molecular weakness and all cancers require lots of nutrients to grow, but they also continue to change. For this reason, fighting cancer with only one or a few drugs is like fighting a war by employing only the infantry. We need to fight tactically by thinking differently about the problem. While cancer can be attacked frontally with chemotherapy or radiation, we also need the immune system to attack the cancer cells, all the while ensuring minimal damage to the normal cells and organs of the body. To do this, we need to exploit the fact that normal cells and cancer cells can have very different needs for a particular amino acid, sugar, fat, or growth factor. The cancer cells may need high levels of sugar, whereas the normal cells are fine with relatively low blood-sugar levels. This is where nutrition and evolutionary biology meet oncology. In our research, we found a way to exploit those needs through a combination of standard therapy and a fasting-mimicking diet—one that “tricks” your body into responding as if it is fasting but allows some food intake, providing the right amount of nutrients and calories. Studies have shown that fasting-mimicking diets seem to protect normal cells while cancer cells become more vulnerable to many therapies ranging from chemo to radiation, immunotherapy, and hormone therapy. While we have learned that you cannot starve cancer with fasting alone, since cancer steals from other cells and finds a way to stay alive even if the patient fasts, you can use fasting-mimicking diets to make the cancer cells so weak or desperate that the right therapy will kill them. These nutrition-based interventions are exploiting the differences in the biochemistry and molecular biology of normal and cancer cells.

			All this is to say, that the types of standard and integrative therapies used can make the difference between whether someone dies at twenty-five of a lymphoma (a blood cancer), dies at thirty-two of an adenocarcinoma (for example, breast cancer), or lives disease free to one hundred. Integrative therapies (therapies added to the standard cancer treatment) do have the potential to make a big difference for cancer patients. This approach can also help us all have a better chance of overcoming most diseases and achieving a healthier life span. But we are waging a tough battle. Most oncologists consider any nutrition-based therapy “quackery,” in many cases without even having read and understood the basis for this therapy. In their defense, they are so busy practicing that they often don’t have the time to investigate every idea brought to them by patients or scientists. However, with advanced-stage cancers for which there is no effective therapy, the oncologist should take the time to learn about integrative therapies that have sufficient laboratory and clinical evidence to be considered safe and potentially effective. For instance, most mainstream doctors write off vitamin C therapy, but high doses of the vitamin injected in combination with the fasting-mimicking diet have been shown to be effective in animal studies.[6] In an ideal situation, an open-minded oncologist treating a KRAS-mutated colon cancer patient who has run out of effective therapies could discuss the vitamin C studies with their patient and, based on local law, could combine injectable vitamin C with the fasting-mimicking diet and standard treatment. They could also take advantage of the “compassionate use” rule.

			Compassionate use, according to the FDA, “is a potential pathway for a patient with an immediately life-threatening condition or serious disease to gain access to an investigational medical product (drug, biologic, or medical device) for treatment outside of clinical trials when no comparable or satisfactory alternative therapy options are available.”[7] This is a high hurdle for the doctor to clear, but it can potentially make a big difference for the patient, as we will see in the following chapters. In Italy, at various leading cancer centers in collaboration with my group and the Creates Cures Foundation clinics, we have introduced these types of integrative interventions as part of an open feasibility clinical trial that has enrolled many patients with a wide range of tumors. This approach, based on clinical protocols that have been approved by ethical committees, is ideal until the integrative therapy becomes standard. However, starting clinical trials is very difficult for the great majority of oncologists and therefore is rarely done, making “compassionate use” an important alternative.

			This Book

			This book focuses on the tremendous potential and effectiveness of fasting-mimicking diets and the Longevity Diet in combination with standard cancer therapy, as well as their prevention and mitigation of side effects. The research is ongoing, but this book is based on thirty years of aging studies and twenty years of cancer studies carried out by my laboratories and many others in the U.S. and Europe, as well as on the many clinical trials at some of the best hospitals, to address both cancer prevention and cancer treatment while focusing on the “patient first.”

			The early chapters on cancer prevention are straightforward, since they are mostly focused on nutrition and healthy longevity. Nevertheless, the recommendations included are not as obvious as one might think, because they must achieve antiaging/anticancer effects while avoiding malnourishment and frailty, including the loss of bone, muscle, and immune function. It’s important that people continue to enjoy the food they eat and implement limited changes that they can easily keep up for the rest of their lives. It is not about improvised advice we hear every day, such as “Eat less or eat in moderation” or “Eat like your grandma” or “Eat like people in the Paleolithic period” or “Eat low carb” or even “Eat the Mediterranean diet.” It is about eating a personalized diet with a sufficient but limited number of ingredients that you like and enjoy and that allow you to maintain a normal weight and fat mass. It is also about understanding that obesity and insulin resistance are modern conditions arising from normal states evolved to survive long winters or periods of starvation. This knowledge and its evolutionary and molecular foundation can be used to optimize healthy longevity and help prevent cancer.

			I focus the lion’s share of the book on different cancers, their origins, and the studies conducted on various treatments in tandem with the fasting-mimicking diet and other nutrition-based interventions. While this is challenging, as we continue to do research, I’m confident that one day we can cure many cancers via therapies that include fasting-mimicking diets and other interventions that make cancer cells much more sensitive to therapy and normal cells much more resistant to therapies. Since we already know how to do this in microorganisms and mice, this goal is achievable.

			We know that nutritional interventions that accompany standard-of-care treatments have central roles in how effective the treatment is. In fact, we have known some of this for a hundred years, since Otto Warburg described how cancer cells are avid consumers of sugars and producers of lactic acid, a finding that contributed to his 1923 Nobel Prize now called “the Warburg effect” (see chapter 7). But reducing glucose or even fasting is not enough, as we will see in most of the cancer chapters. This book is not about overriding or dismissing the remarkable and often heroic work done by oncologists; rather it is about giving oncologists additional tools and motivation to help incurable patients. I also hope it can help them decrease short-term and long-term side effects, especially when viable alternatives are not available.

			

			•   •   •

			For those interested in preventing cancer (and a number of other diseases), this book will offer guidance on slowing down aging and reducing biological age. It won’t always be easy, but the great majority of people can understand and follow these guidelines. If you have been diagnosed with cancer or have had cancer in the past, our teams at the nonprofit Create Cures Foundation Clinic in the U.S. and at the Valter Longo Foundation Clinics in Europe are ready to help you implement what I discuss in the book. I also encourage you to find oncologists who are open-minded and willing to go out of their way to make sure you not only beat cancer but also prevent long-lasting side effects and increase your probability of making it to one hundred healthy.

		

	
		
			1

			Fasting Cancer, Feeding Patients

			To Defeat Your Enemy, Know Him Well

			It was 1994 and I was a second-year pathology PhD student in the UCLA laboratory headed by Roy Walford, MD, one of the leading experts in calorie-restriction studies, when I found out I was not made for “close contact” medicine. One day, while I was taking a pathology course, the chief pathologist started handing me the body parts of a forty-five-year-old male who had just died of cancer, asking me, “What do you see?” I was not pursuing a medical degree like his medical students, so he was pushing me, hoping that I would get sick and run out. Nevertheless, I had just completed five years of brutal treatment as a tanker in the U.S. Army Reserve and I was not about to give him the satisfaction, so I looked at the dead body, then looked at the lungs in my hands and, without flinching, went on to tell him whatever insignificant observations a second-year graduate student could give him.

			That patient, a forty-five-year-old smoker, had died of lung cancer, and that situation affected me a lot more than I wanted to admit. It affected me because of how young he was, because of the smell in that room, and because in the moment the chief pathologist placed his lungs in my hands, I knew how fragile life was, what our research was all about, and how important it was to focus, to think differently, to have a mission, and not to go to work just because I wanted to be a successful scientist. That man would probably have still been alive had someone been able to tell him how to prevent that cancer by quitting smoking or maybe adopting a nutritional program to better protect him from the harm of cigarettes. He might also have been alive if immunotherapy or a fasting-mimicking-diet-based therapy had been implemented thirty years ago. In addition to the psychological effect, I did not eat for two days, did not eat meat for weeks, and was on my way to becoming a pescatarian.

			The cancer that had killed my grandfather by generating a metastatic intestinal tumor had also killed this forty-five-year-old man, and it was now my enemy. I was in one of the best cancer centers and hospitals in the world, and most young researchers would have stayed right there, in the perfect place to work on aging and cancer. However, my instinct told me that this enemy had much deeper molecular secrets than those investigated in the pathology department. I had to understand where it came from, how it evolved, and why it behaved in a certain way. I thought about my summer work on starving bacteria in the laboratory of Steven Clarke in the biochemistry department before I moved to pathology in 1992, and I decided to go back to that department and work with two exceptional women (Joan Valentine and Edie Gralla) to get to know an organism that’s a little closer to human beings than bacteria are: the baker’s yeast Saccharomyces cerevisiae. It is more similar to humans because, although it is a single-cell organism, it is a eukaryote just like us; in other words, it is an organism whose cells have a nucleus within a nuclear membrane.

			I went back to the biochemistry department, and within months I observed something very strange: the yeasts died, but then they appeared to come back to life (figure 1.1).
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					1.1. As the yeast grows, it ages, which causes mutations in its DNA. Similar to what happens in cancer cells, some of these mutations can give the altered organisms the capacity to use the nutrients left behind by the dead ones in order to grow. The population then “regenerates” itself, because although some organisms die, others proliferate. Modified from Paola Fabrizio et al., “Superoxide Is a Mediator of an Altruistic Aging Program in Saccharomyces Cerevisiae,” Journal of Cell Biology 166, no. 7 (2004): 1055–67.

				
			
			What Is Cancer?

			Later I will discuss the yeast experiment above and the potential origin of cancer, but it is important first to explain what cancer is. Contrary to the widely disseminated opinion that cancer cells are smart and powerful, most are actually confused and weak, but they can grow fast or grow when they are not supposed to. Within the large group of cancer cells in a tumor mass, some can survive and continue to grow, thus making cancer very difficult to fight. What are the features of cancer cells that make them “confused” but also deadly? Douglas Hanahan and Robert Weinberg described them in a famous article entitled “Hallmarks of Cancer,” originally published in 2000 and expanded since.[1]

			
					
					Sustained proliferation. The great majority of cancer cells can continue to proliferate in places where and when normal cells would not grow. This growth is aided by mutations that keep certain growth genes always on: the oncogenes (genes that have the potential to cause cancer). The normal, nonmutated versions of oncogenes, proto-oncogenes (such as RAS, AKT, PKA), promote the growth of cells but also accelerate aging. Imagine that the gas pedal in your car is damaged and won’t ease up; now imagine this happening in a city, on narrow streets chock-full of cars. And imagine that for every car that gets into an accident and stops, one or two more enter the roadway. Clearly, devastation is ahead.

				

					
					Evasion of growth suppressors. Tumor-suppressor genes are designed to prevent the oncogenes, which are the modified genes that promote cancer growth, and other factors from generating cancer cells. Their job includes preventing the cell from dividing (to generate another cell) but also killing cells that have been damaged enough to present a danger to the rest of the organism. Think of tumor-suppressor genes as the rough equivalent of car brake pedals; mutations of these genes cause the brakes to no longer work.

				

					
					Invasion and metastasis. Normally, normal cells remain within a certain tissue because they receive mechanical signals (they are pushed or blocked by other cells) and are exposed to factors that suppress their growth and relocation. Cancer cells instead

				

					
					
				

					
					
				

			

			
			The Origin of Cancer?

			
			
			
			More and More Confused Cells
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			Cancer Remission in Mice
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			Fasting-Mimicking Diets and Immune System–Dependent Killing of Cancer Cells

			
			
					
					
				

					
					
				

					
					
				

					
					
				

			

			
			Fasting-Mimicking Diets and Chemotherapy-Related Steroids

			
			
			An Antibiotic for Cancer? Antiaging Interventions to Fight Cancer
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			Fasting and Fasting-Mimicking Diets: Stories from Patients
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