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Preface
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Cancer is a word that stops conversations. It empties rooms. It changes lives in an instant – not just the life of the person diagnosed, but the lives of everyone who loves them. I have spoken that word to hundreds of people. I have seen their faces fall, their hands tremble, their eyes search for hope in a room that suddenly feels very small. And I have also seen them fight – with courage, with science, with the quiet determination that defines the human spirit.
This book is about that fight. It is about cancer – what it is, where it comes from, and how we have learned to confront it. But it is also about something deeper: the extraordinary partnership between the invisible forces of the universe and the visible suffering of a single patient.

When a person receives radiation therapy, a beam of particles is carefully shaped and aimed to destroy cancer cells while sparing healthy tissue. That beam is the product of physics – of equations, engineering, and precision. But the decision to use it, the timing, the fractionation, the conversation with the patient – that is the product of medicine, of biology, of human judgment. The two are not separate. They are woven together in every treatment, every cure, every moment of hope.

This book is written for everyone who has ever been touched by cancer – which is to say, everyone. You do not need a background in science. When I use a technical term, I will explain it. When I describe a treatment, I will tell you what it means for the person lying on the table. The stories of patients, scientists, and doctors are the heart of this book. The equations are just footnotes.

We begin with the cell – the smallest unit of life, the building block of every tissue, every organ, every one of us. Cancer is a cell that has forgotten its place. It divides when it should not, spreads where it should not, and refuses to die when it should. To understand cancer is to understand life itself – and the tenuous balance between order and chaos that keeps us alive.

From the cell, we will journey through history: the first surgeons who dared to cut, the accidental discovery of radiation therapy, the toxic chemicals that became chemotherapy, and the revolution of precision medicine that is now unfolding. We will meet the pioneers – Marie Curie, whose radium saved lives and ended hers; Sidney Farber, who gave children with leukaemia a fighting chance; and the countless researchers who have devoted their lives to a war that has no end, only victories and setbacks.

And we will meet the patients. The woman who walked into my clinic with a lump in her breast and walked out cured, years later, having survived surgery, radiation, and chemotherapy. The man who could not walk because his bones were eaten by cancer, and who walked again after a single dose of palliative radiotherapy. The child with leukaemia who is now a physician herself – because someone, somewhere, discovered a drug that saved her life.

This is not a book about death. It is a book about life – about how we have extended it, improved it, and fought for it. Cancer is not a single disease; it is hundreds of diseases, each with its own biology, its own vulnerabilities, its own hope. And the war against it is not over. It may never be over. But we are winning – slowly, painfully, but undeniably.

We have built extraordinary tools: linear accelerators that deliver beams of radiation with sub-millimetre precision; PET scanners that reveal a tumour's metabolic activity; nanoparticles that deliver drugs directly to cancer cells. But the most important tool is not a machine. It is the connection between one person who is sick and another who is willing to help. That is the heart of medicine.

This is the story of that fight. It is the story of the unseen war – the war inside our own bodies, fought with science, courage, and the relentless human will to survive.

Hugo Wells
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Chapter 1 - Cells Gone Rogue – The Biology of Cancer
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Every human body is a city of trillions of cells. Each cell is a microscopic factory – a membrane-bound sac of water, proteins, DNA, and organelles, carrying out the thousands of chemical reactions that keep us alive. Cells divide, grow, specialize, and die, all in a carefully choreographed dance that has been refined over billions of years of evolution. Most of the time, the dance goes perfectly. But sometimes, a cell makes a mistake. And sometimes, that mistake is the beginning of cancer.
What Is a Cell?

Before we can understand cancer, we must understand the cell – the smallest unit of life. A typical human cell is about 10–20 micrometres across – invisible to the naked eye, but a world of complexity within.

Inside the cell, the most important structure is the nucleus, which contains our DNA. DNA is a long, double-helical molecule composed of four chemical bases – adenine (A), thymine (T), cytosine (C), and guanine (G) – arranged in a sequence that spells out the instructions for building every protein in our body. These instructions are organized into units called genes. We have about 20,000 genes, each coding for a specific protein.

Proteins are the workhorses of the cell. They build structures, transport molecules, send signals, and catalyze reactions. The proteins that control cell division are particularly important – and particularly dangerous when they go wrong.

The Cell Cycle – The Dance of Division

Cells do not divide constantly. They follow a carefully regulated cycle, with checkpoints that ensure everything is in order before division proceeds.

The cell cycle has four phases:

· G1 phase: The cell grows and prepares for DNA replication.

· S phase: The cell synthesizes a copy of its DNA.

· G2 phase: The cell checks the DNA for damage and prepares for division.

· M phase: The cell divides into two daughter cells (mitosis).

At each checkpoint, proteins called tumour suppressor genes act as brakes, preventing the cell from dividing if conditions are not right. Another set of proteins, called proto-oncogenes, act as accelerators, promoting division when the cell receives growth signals.

Cancer occurs when these brakes fail and the accelerators get stuck.

What Makes a Cell Cancerous?

A normal cell becomes a cancer cell through a series of mutations – changes in its DNA. These mutations can be inherited (like BRCA mutations that increase breast cancer risk) or acquired (from environmental exposures like tobacco smoke or ultraviolet light). Over time, a single mutated cell can accumulate multiple mutations, each giving it a new advantage:

1. Sustained proliferative signalling: The cell ignores normal stop signals and keeps dividing.

2. Evasion of growth suppressors: The cell disables its own brakes (tumour suppressor genes).

3. Resistance to cell death: The cell refuses to undergo apoptosis (programmed cell death) even when damaged.

4. Limitless replicative potential: The cell lengthens its telomeres – the protective caps at the ends of chromosomes – allowing it to divide indefinitely.

5. Angiogenesis: The cell recruits blood vessels to feed the growing tumour.

6. Invasion and metastasis: The cell breaks through the basement membrane, travels through the bloodstream or lymphatic system, and forms tumours in other organs.

These six hallmarks – described by cancer biologists Hanahan and Weinberg – are the defining features of cancer. Every tumour, from a tiny skin lesion to a massive lung mass, shares these characteristics.

Types of Cancer

Cancer is not a single disease. It is hundreds of diseases, classified by the tissue of origin:

· Carcinomas: Arise from epithelial cells (skin, linings of organs). The most common type, includes lung, breast, colon, and prostate cancer.

· Sarcomas: Arise from connective tissue (bone, muscle, fat). Rare but aggressive.

· Leukaemias: Arise from blood-forming cells in the bone marrow. Circulate in the bloodstream.

· Lymphomas: Arise from immune cells (lymphocytes) in the lymph nodes.

· Central nervous system tumours: Arise from brain and spinal cord cells.

Each type has its own biology, its own prognosis, and its own treatment. A lung cancer is not the same as a liver cancer – even though both are called cancer.

Why Cancer Is So Dangerous

Cancer kills in two ways: local destruction and distant spread. A tumour in the brain can compress vital structures, causing seizures, paralysis, and death. A tumour in the lung can block an airway, causing pneumonia. A tumour in the bone can eat away at the skeleton, causing fractures and pain.

But the most deadly aspect of cancer is metastasis – the spread of cancer cells to distant organs. Once cancer has metastasized, it is much harder to cure. A single cancer cell can travel through the bloodstream, land in the liver, and begin growing a new tumour. Surgery and radiation can remove the primary tumour, but if a single cell has already escaped, the cancer will return. This is why cancer treatment often requires systemic therapies – drugs that travel throughout the body – to kill cancer cells wherever they hide.

How Common Is Cancer?

Cancer is one of the leading causes of death worldwide. In the United States, about 1.9 million new cases are diagnosed each year, and about 600,000 people die from the disease. The lifetime risk of developing cancer is about 1 in 2 for men and 1 in 3 for women. Some of this is due to aging – as we live longer, we accumulate more mutations – and some is due to lifestyle factors like smoking, diet, and sun exposure.

But there is good news: cancer survival has improved dramatically over the last 50 years. The five-year survival rate for all cancers combined is now about 70%, up from 50% in the 1970s. For some cancers – like childhood leukaemia, testicular cancer, and thyroid cancer – the cure rate exceeds 90%. The war against cancer is being won, one battle at a time.

A Physician-Physicist's Reflection

As a physicist, I am struck by the improbability of cancer. The human body contains trillions of cells, each dividing billions of times over a lifetime. Each division involves copying three billion base pairs of DNA – a process that is remarkably accurate, but not perfect. Errors happen. And yet, most of the time, the cell repairs the error, or the immune system destroys the rogue cell. Cancer is a failure
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