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If the only miracle we are looking for is the big one…then we will most likely miss the other miracles that are unfolding before our very eyes,

each and every day.



Deacon Wayne Charlton

Chaplain, Rogel Cancer Centre




Foreword

Every day, hundreds if not thousands of patients and the public go the extra mile to help make research happen in the UK. Their contribution is many and varied. One of the most important ways in which they make a difference in what we do is by improving the quality of research and how it is designed, conducted and delivered.

Within the NIHR, such is the extent to which the public has become involved that research is increasingly becoming a joint venture between patients and the public, researchers, clinicians and health professionals. If we are to meet the health and social challenges of the future then these partners must be empowered, encouraged and supported to work even closer together…

No researcher or institution who applies to the NIHR for funding can expect to be successful without a plan for public involvement that lay reviewers have scrutinised…Public involvement plays a vital role in strengthening the effectiveness and efficiency of the NIHR’s Clinical Research Networks in recruiting people for studies.


Simon Denegri: Chair of the Breaking Boundaries Review

National Director for Patients and the Public in Research

Chair, INVOLVE

Foreword to Going the extra mile:

Improving the nation’s health and well-being through public involvement in research




Preface

Cancer is the most common human disease in the world. It is in fact not one disease but a collection of related diseases that can occur almost anywhere in the body. There are more than 200 different types of cancer, with over 10 million people worldwide dying from it every year. Last year, around 400,000 people were diagnosed with cancer in the UK, over 1,000 every single day, with only half expected to survive their diagnosis for 10 years or more. There are currently over three million people living with cancer in the UK; I became one of those when I was diagnosed with prostate cancer in 2018.

I was in my GP’s surgery discussing a serious illness that had just been diagnosed (myasthenia gravis) when my local GP recommended a prostate screening antigen (PSA) blood test because of my age (I was 70 at the time). The PSA was high and I was subsequently diagnosed with stage IIC prostate cancer: I was a cancer statistic. Cancer Research UK estimate that more than 30% of new cancer cases in the over 70s are only diagnosed after treatment for another, unrelated, illness—a comorbidity. I was in fact a cancer statistic on two counts.

Whilst being treated for my cancer, I was invited to participate in a prostate cancer research trial. I consented but I had no idea at the time what I had signed up for as, to be honest, I was still in a bit of a daze from the cancer diagnosis. Some 5% of cancer patients are signed up for cancer trials: It is not known how many fully understand what they sign up for when they agree to become a trial participant, despite the best efforts of the researchers and clinicians. I was a cancer statistic on three (or four) counts.

In 2018, I was invited to a presentation at the Institute of Cancer Research (ICR) in Sutton, Surrey about involvement in research trials at The Royal Marsden (RM) and the ICR. I signed up to be an advocate. It is not known if members of the public fully understand what they are signing up for when they commit to becoming involved in cancer research. Perhaps, like me, they just felt a sense of obligation or duty—cancer statistic number four (or five).

Plato said I know that I knew practically nothing…(Plato, Apology, section 22d). That was my thoughts too when I first started as a patient advocate. As I became more involved in cancer research, I realised that I actually knew even less about cancer research than the little that I thought I knew (if you know what I mean). My initial experience forced me to reconsider my approach to cancer research trials very quickly (I have since found that I am by no means alone in that regard—cancer statistic number five—or six)!

I now understand that involvement in cancer research by members of the public is an under-utilised, under-estimated, under-resourced and poorly understood activity. My experiences have given me some insight into perhaps why. Many patients, let alone the general public, are confused about the difference between participation, involvement and engagement in cancer research trials. Some are put off by the idea of being a ‘human guinea pig’, some feel intimidated by the scientific terminology and jargon or think the roles are only for the well-educated, whilst some minority groups refuse to become involved because of perceived tokenism. Some decline because they feel uncomfortable about the idea of speaking in public—and some do not even know that these roles exist.

I decided to gather as much information as I could about public participation, involvement and engagement—firstly to try to ensure that I was not wasting the researchers’ time with inane or irrelevant questions, and secondly, so that I could focus my own thoughts into the right areas. I now know that there is an awful lot of literature on the subject (mostly found by using the various online search engines available), but I also discovered that this information is like having different pieces of a jigsaw puzzle scattered in different rooms. I couldn’t find any one book on the subject that brought it all together…so I decided to write one.

This book aims to take the mystery out of public participation involvement and engagement in cancer research. Reading the book will hopefully encourage more and, equally importantly, more diverse patients and members of the public to find out exactly what participating, becoming involved or engaged in cancer research trials actually means. By unlocking this door to public participation, involvement and engagement, I hope to give the reader enough background information for them to be able to make an immediate, positive and lasting public contribution to cancer research.

If this book encourages just one person to enrol as a participant in a trial or to become an advocate, I shall consider the effort worthwhile and the book a success.

I hope you enjoy the book.




Introduction

Cancer can affect anyone—regardless of race, colour, national origin, sex, religion, age or social standing. If meaningful research into cancer is to be carried out it is therefore crucial that the recruitment of any group of trial participants, or advocates who are involved with researchers, reflects as closely as possible the profile of the people who are likely to suffer from that particular cancer. Recruiting enough participants for a cancer trial or enlisting advocates to collaborate with researchers on trial design and management is difficult for researchers; getting the right profile of recruits onto trials or into advocacy is an even bigger challenge.

Have you ever been asked if you would consider taking part in a cancer research trial or perhaps become involved? If you have then your first thoughts perhaps turn to thinking about the implications…is it safe? How much time will it take up? How much will it cost me for extra travel costs? What does participation or involvement or engagement actually mean and what is the difference? You might well have other questions too but couldn’t seem to get your questions answered and didn’t want to trouble very busy staff, or you don’t have the time or energy or technology available to research your questions. The chances are that you would politely ask for time to think about it and then not bother to follow up, or just decline.

This book is intended to try to change that. It is not meant to be a teaching manual; it only scratches the surface of cancer and cancer research. Its sole purpose is to pull together enough information about public participation involvement and engagement in cancer research in one place to help inform the public about what it means, with the aim of giving them the encouragement to find out more, feel informed and confident enough to get involved, and to then make an immediate, positive and lasting contribution when they do.

Becoming familiar with the process and terminology is key to unlocking the door to the secrets of cancer research. Parts 1 and 2 therefore focus on the biology of the human body and how cancer develops, Part 3 then explains how cancer is diagnosed and treated. Part 4 examines how cancer research trials work and Part 5 describes the roles of participation involvement and engagement in those trials. There is also a comprehensive glossary at the end of the book that explains some of the more common medical words, jargon and acronyms used in cancer research; it will be useful reference material should you decide to go ahead and become a trial participant or an advocate.

One final point: there are many terms used to describe patient and public participation involvement and engagement in medical research. I have opted to use the following National Institute for Health and Care Research (NIHR) definitions throughout this book1:


Public: includes patients, potential patients, carers and people who use health and social care services, as well as people from organisations that represent people who use those services (Whilst all of us are current, former or potential users of health and social care services, there is an important distinction to be made between the perspectives of the public and the perspectives of people who have a professional role in health and social care services).


Participation: where people take part in a research study.


Involvement: where members of the public are actively involved in research projects and research organisations.


Engagement: where information and knowledge about research is provided and disseminated.

When referenced in this book, the term PPIE will therefore mean Public Participation, Involvement and Engagement as defined above.




 Introduction 


You will, of course, have a general understanding of how the human body works, but it may be helpful to you to have a basic understanding of the biology of the human body to better comprehend how and why cancer develops, and how it is diagnosed and treated if you are considering becoming a trial participant or involved in trial development or oversight.

A ‘human’ is any living or extinct member of the family ‘homo sapiens’, characterised by superior intelligence, articulate speech, and erect carriage. About 99% of the mass of a human body is made up of the molecules of six chemical elements: oxygen, carbon, hydrogen, nitrogen, calcium, and phosphorus. Most of the remaining 1% is composed of another five elements: potassium, sulphur, sodium, chlorine, and magnesium. In total the average human body contains traces of 61 of the 94 naturally occurring chemical elements, but only half of them play an active role in sustaining life. Over 50% of the human body is water. The human body is a highly developed single structure and is arguably the most complex organism on the planet. It is a single structure that contains trillions of molecules that combine to form microscopic elements that work together to sustain its life. These are called cells.

Cells are the basic building blocks of humans. Cells need nutrients and oxygen to live and then they expel the resultant unwanted waste—with many of these cells living deep inside the human body and not in direct contact with the outside world. Most cells in large multicellular organisms do not directly exchange substances like nutrients and wastes with the external environment, instead, they are surrounded by an internal environment of extracellular fluid—literally, fluid outside of cells. The cells get oxygen and nutrients from this extracellular fluid and release waste products into it. Humans have specialised systems that maintain their internal environment, keeping it stable and able to provide for the needs of the cells1.

Cells combine together to form tissues that, in turn, form organs which then integrate into organ systems. Together, cells, tissues, organs, and organ systems form this multicellular organism we call the human body. This highly complex arrangement is necessary to ensure that the cells deep inside the human body get the food to survive and to ensure that all waste products are expelled.







2: Cells


DNA

Cells provide structure to the human body, absorb nutrients from food, convert those nutrients into energy, and carry out other specialised functions. Cells are the body’s hereditary material and replicate themselves during cell regeneration. It is estimated that there are approximately 37 trillion human cells in the average adult body and every cell is pretty unique2. Inside each human cell is the nucleus (centre). The nucleus is a cell’s control centre, directing cells to grow, mature, divide, or die.

The nucleus is home to 23 pairs of chromosomes, which contain everyone’s individual deoxyribonucleic acid (DNA) sequence. The information contained in our DNA is necessary for us to develop, survive and reproduce. Each DNA sequence contains specific instructions describing how to make a protein known as a gene. The collection of genes within the DNA is called the genome. A genome is the whole of a DNA strand, a complex double-helix-shaped molecule, unique to you as an individual. Each genome contains all the information needed to build and maintain that particular organism throughout its life. Your genome is the total content of your own DNA; it contains instructions that helped you develop from a single cell into what you are today.

Each molecule of DNA is a double helix, and the building blocks of a DNA double helix are base pairs. Each base pair is attached to a sugar and a phosphate molecule which together are called a nucleotide. Nucleotides are arranged in two long strands to form the double-helix spiral. Base pairs contribute to this folded structure. The DNA double-helix molecule is formed from two complementary strands of nucleotides held together by hydrogen bonds between guanine-cytosine, and adenine-thymine, the so-called G-C and A-T ‘base pairs’ (figure 1).

[image: ]

Figure 1: A schematic view of a DNA double-helix structure. Two single DNA strands comprised of the sugar-phosphate backbone and the alternating bases are linked together. (Source: Linko, Veikko. (2011). DNA-Based Applications in Molecular Electronics. Accessed on 8 February 2024)


If a double helix is unwound to a flat plan the resultant structure is like a ladder, with the base pairs forming the ladder’s rungs and the sugar and phosphate molecules forming the vertical sides of the ladder (figure 2). In reality, the flat structure is twisted into the double helix on the right.


[image: ]


Figure 2: Simplified DNA in a flat plane https://www.researchgate.net/figure/Constitutive-structure-of-DNA-in-two-forms-of-ladder-and-helix-shape-Marhon-and-Kremer_fig1_341944099 (Accessed on 14 January 2024)

Each DNA strand is used by the body as a template. The DNA strand is clever, having the ability to repair itself when damaged, help organs to function, and to control growth and development. Each strand of DNA in the double helix serves as a pattern for duplicating the sequence of base pairs. This is critical when cells divide because each new cell must have an exact copy of the DNA present in the old cell for it to survive.


[image: ]

Figure 3: DNA replication https://www.sciencefacts.net/dna-replication.html) (Accessed on 14 January 2024)


The order of the base pairs in your DNA is your unique code and controls the function of your DNA. Your DNA is you!

The DNA of any two people is 99.9% identical, it is the differences in the remaining 0.1% that hold important clues about the causes of cancer in the damaged cells. DNA repair genes are involved in fixing damaged DNA. Cells with mutations in these genes tend to develop additional mutations in other genes and changes in their chromosomes, such as duplications and deletions of chromosome parts. Together, these mutations can cause the cells to become cancerous3.



Cell Types

There are a number of important cell types in cancer research and treatment:



Stem Cells

Stem cells provide new cells for the body as it grows and replace specialised cells that are damaged or lost. They have two unique properties; they can divide over and over again to produce new cells and, when they divide, they can also change into the other types of cells that make up the human body. Both red and white blood cells originate from stem cells.



T-Cells

T-cells are a subtype of white blood cells; they play a key role in fighting cancer. T-cells are part of the body’s ‘cell-mediated’ immunity, the part of the immune system which directly kills bacteria, viruses, and cancer cells4. They are part of what is known as the cancer-immunity cycle. As cancer cells die, they release antigens—substances that can be recognised by the immune system. Antigens from the cancer cells are taken up on the cell surface of special immune cells called antigen-presenting cells (APCs) so that other immune cells can identify the antigens of interest. In the lymph nodes, the APCs activate the T-cells and teach them to recognise the tumour cells. The T-cells travel via the blood vessels to reach the tumour, infiltrate it, recognise the cancer cells and kill them. There are several types of T-cells:


	Cytotoxic T-cells find and directly attack foreign bodies in the body such as bacteria, viruses, and cancer cells.


	Helper T-cells recruit other immune cells and organise an immune response.


	Regulatory T-cells are believed to suppress the immune system so that it does not overreact (as it does in autoimmune diseases).


	Natural killer T-cells are cytotoxic T-cells that need to be pre-activated and differentiated to do their work. Natural killer cells and natural killer T-cells are subsets of lymphocytes that share common ground. Both can rapidly respond to the presence of tumour cells and participate in anti-tumour immune responses.


	Memory T-cells remember markers on the surface of bacteria, viruses, or cancer cells that they have seen before and react accordingly.




The T-cell is a ‘chimeric antigen receptor’ (CAR). T-cell therapy is a promising new way to get T-cells to fight cancer by changing them under laboratory conditions so they can find and destroy cancer cells (they can also be called CAR T-cells). T-cells are the major participants in anti-tumour immunity because more T-cells are present in the vicinity of tumour tissues than B-cells.



B-Cells

B-cells create a type of protein called an antibody which binds to pathogens, or to foreign substances such as cancers, to neutralise them. B-cells can inhibit tumour development through the production of these tumour-reactive antibodies, promoting tumour killing by the NK cells.

Tissue structures are made up of a huge number of like cells and are more complicated than single cells.








1.https://www.khanacademy.org/science/biology/principles-of-physiology/body-structure-and-homeostasis/a/tissues-organs-organ-systems#:~:text=The%20body%20has%20levels%20of,organs%20cooperate%20to%20process%20food. (Accessed on 8 February 2024)



2. https://theconversation.com/the-human-body-has-37-trillion-cells-if-we-can-work-out-what-they-all-do-the-results-could-revolutionise-healthcare-185654#:~:text=The%20diversity%20of%20human%20cells,proteins%20from%20an%20immune%20cell (Accessed on 31 January 2024)



3. https://www.cancer.gov/about-cancer/understanding/what-is-cancer#:~:text=DNA%20repair%20genes%20are%20involved,the%20cells%20to%20become%20cancerous. (Accessed on 8 February 2024)



4.https://www.verywellhealth.com/t-cells-2252171 (Accessed on 14 January 2024)





3: Tissues Organs And
 Organ Systems


Tissues

The many types of cells in the human body are organised into four broad categories of tissue: epithelial, connective, muscle, and nervous:


	Connective tissue supports other tissues and binds them together (bone, blood, and lymph tissues).


	Epithelial tissue provides a covering (skin) for the linings of the various passages inside the body.


	Muscle tissue includes muscles such as striated (voluntary) muscles that move the skeleton, or smooth muscles such as those surrounding the stomach.


	Nerve tissue is the body’s internal communication system, carrying electro-chemical signalling in the form of nerve impulses round the body. It is made up of nerve cells called neurons.




Different tissues are made up of different types of cells depending on their purpose and function within the body. Each of these categories is characterised by specific functions that contribute to the overall health and maintenance of the body. Two or more types of tissue organised together to serve a particular function are called organs.



Organs

Organs such as the heart, the lungs, the stomach, the kidneys, the skin, and the liver, are organised to serve a particular function. For example, the heart pumps blood, the lungs bring in oxygen and eliminate carbon dioxide, and the skin provides a barrier to protect internal structures from the external environment. Most organs contain all four tissue types.

At each level of organisation, the body has evolved to optimise the functionality of that particular structure. Not surprisingly, therefore, the cells in the small intestine that absorb nutrients look different to the muscle cells needed for body movement.

The skin is very different, providing a barrier to protect internal structures from the external environment. Skin tissue is made up of multiple layers of tissue with different cells that act together. The skin is the largest organ in the body.

Organs are grouped into organ systems which work together to carry out a particular function in the body.



Organs Systems

There are 12 major organ systems in the body: circulatory (cardiovascular), digestive, endocrine, immune, integumentary, lymphatic, muscular, nervous, reproductive, respiratory, skeletal, and urinary. Each organ system has a very specific function in the human body:


	Cardiovascular: Consists of the heart, arteries, veins, and capillaries. They work together to provide blood flow to all parts of the body, carrying oxygen, nutrients, and hormones to cells, and remove waste products, such as carbon dioxide, away from the cells by circulating blood.


	Digestive: Processes foods and absorbs nutrients, minerals, vitamins, and water.


	Endocrine: Provides communication within the body via hormones and directs long-term change in other organ systems to maintain stability within the body.


	Immune: Defends against microbial pathogens and other diseases.


	Integumentary: Provides protection from injury and fluid loss and provides physical defence against infection by microorganisms.


	Muscular: Provides movement, support, and heat production.


	Lymphatic: A network of organs, nodes, ducts and vessels that make and move lymph (a colourless fluid) from tissue to the bloodstream. The lymphatic system consists of capillaries, tubes, vessels and glands that carry lymph around the body. It is a crucial part of the body’s immune system. Lymph vessels are present in all parts of the body just like arteries and veins in the blood system. Lymph is rich in white blood cells which fight and destroy damaged and abnormal cells, including cancer cells.


	Nervous: Collects, transfers, and processes information and directs short-term change in other organ systems.


	Reproductive: Produces sex cells and hormones.


	Respiratory: Delivers air to sites where gas exchanges occur.


	Skeletal: Supports and protects soft tissues of the body; provides movement at joints; produces blood cells; and stores minerals.


	Urinary: Removes excess water, salts, and waste products from the blood and body.




Just as the organs within an organ system work to accomplish their task so the different organ systems also collaborate to keep the body running. For example, the respiratory system and the circulatory system work closely together to deliver oxygen to cells and get rid of the carbon dioxide the cells produce, the circulatory system picks up oxygen in the lungs and drops it off in the tissues, performing the reverse service for carbon dioxide. The lungs expel the carbon dioxide and bring in new oxygen-containing air. Only when both systems are working together can oxygen and carbon dioxide be exchanged between cells and the environment.



Immune System

There are two branches of the immune system, the ‘innate’ immune system and the ‘adaptive’ immune system1:


	The innate immune system provides a general defence against common pathogens (any bacteria, virus, or other disease-causing microorganism), which is why it is also known as the nonspecific immune system, and


	the adaptive immune system, which targets specific threats and learns how to launch precise responses against viruses or bacteria with which the body has already come into contact.




The various components of the immune system work together to provide both types of protection. The cardiovascular and lymphatic systems are designed to protect us from illness and disease and are very important in preserving our well-being. The lymphatic system can be considered as the body’s immune response system. It is a combination of what we have at birth (hereditary, or built-in, immunity) and what we develop during our lifetime as a defence response to contracting illness and diseases (acquired immunity). The lymphatic system normally helps to trap and destroy cancer cells as well as other pathogens. However, cancer cells can sometimes get trapped in lymph nodes close to the cancer and may then start to grow there.

Both the blood and lymphatics systems rely on a supply of white and red blood cells and blood platelets.
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