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Introduction
This is the large-print guide to the exhibition Cancer
Revolution: Science, innovation and hope.
Created by the Science Museum Group with support
from expert partner Cancer Research UK, the
exhibition explores how, at a pivotal moment when
one in two of us will be diagnosed with cancer in our
lifetime, more of us than ever before are living longer
and better with the disease and beyond.
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Accessible features
All labels and text panels are included in this largeprint book.
All videos featuring a voice-over or interviews
contain subtitles.
There is step-free access to the exhibition via a lift at
the back of the museum, through the Textiles Gallery.
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Exhibition layout
Cancer Revolution is in the Special Exhibitions
Gallery, located in the basement of the main
museum building, the New Warehouse.
The gallery is in a U-shape. The entrance to the
gallery is on the left-hand side of the front desk and
the exit is on the right-hand side.
The exhibition is divided into multiple zones and subzones. A large panel is close to the entrance of most
main zones. Within each zone there are objects, text
labels, images, videos, audio and interactives.
The zones ‘Living with advanced cancer’ and
‘Experiences at the end of life’ are in smaller rooms
within the main gallery.
The zones ‘New horizons in cancer research’ and
‘Outsmarting cancer evolution’ surround a central
sculpture of a tumour.
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Icon key
Labels linked to objects
Labels linked to personal stories
Labels linked to images or photos
Labels linked to videos
Labels linked to audio
Labels linked to interactives
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The revolution in cancer care
One in two of us will be diagnosed with cancer in our
lifetime. Yet more of us are surviving and living
longer with cancer in the UK than ever before –
thanks to research.
This exhibition shares a story of hope. Find out how
far we’ve come in prevention, diagnosis and
treatment. Uncover the revolution transforming
cancer care today as research tackles the greatest
challenges – why it spreads, returns and becomes
resistant to treatment.
Hear the scientists, clinicians and patients in their
own words, as they determinedly work together to
help people with cancer live longer and better.
There are more lives to save and much progress to
be made, but the revolution has well and truly
started.
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How common is cancer?
Every day around a thousand new cases of cancer
are diagnosed in the UK. This number has been
increasing since the 1990s because we have got
better at diagnosing cancer and because more of us
are living longer. Cancer is largely a disease of later
life. Adults aged 50–74 account for more than half
(54%) of all new cancer cases, and people aged 75
and over account for more than a third (36%).
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Judy
Diagnosed with mouth cancer in 2016, aged 69
My operation for mouth cancer meant I was in
hospital for about three weeks at the start of the
growing season. As a keen allotment owner, this was
a cause for concern. Within two days of returning
home, I was on my knees weeding with my hand
fork. It made my pain disappear and my mood
change. However grim the next few months were,
being in my allotment was vital. Contact with the soil,
and breathing in the fresh air, helped me on the road
to recovery and to regain control of my life.
Courtesy of Judy Warner
Portrait by Kevin Percival, Science Museum Photo Studio
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Rare cancers
One in five people diagnosed with cancer in Europe
and the USA are considered to have a rare form of
the disease. Each rare type affects a small number
of people. Living with a rare cancer can be difficult –
it can be more challenging to find information or
support. Rare cancers also pose challenges when it
comes to treatment and funding research, including
fewer clinical studies of new therapies because of
smaller numbers of patients.
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Nikki and Richard’s son Tom
was diagnosed with a rare cancer - desmoplastic
small round cell tumour - in 2012, aged 18
After Tom’s diagnosis he persuaded us to let him
have a beagle puppy. Beagles are something else!
We had no idea what we were getting into but
Barney became an absolute support for Tom. They
formed an incredible bond. What having Barney did
for his mental health was amazing.
When Tom wasn't allowed to take Barney into
hospital with him, he would take his blanket. It made
him feel like Barney was there. Tom passed away
aged 19. Now Barney is our support. When we lose
Barney it will be like losing Tom all over again.
Courtesy of Nikki and Richard Bowdidge
Portrait by Kevin Percival, Science Museum Photo Studio
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Cancer in childhood
Cancer in children is rare, accounting for less than
1% of new cancer cases in the United Kingdom. Its
impact on children and their families is devastating.
Blood and brain cancers account for around twothirds of cancers in children. In the 1970s only
around one-third of children diagnosed with cancer
survived their disease beyond ten years; by 2011 it
was around 80%. Yet, many children continue to live
with long-term side effects following treatment.
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Ted
Diagnosed with lymphoblastic leukaemia aged 6
months
Ted spent more than two years in and out of hospital
from the age of six months old. On completing his
treatment he was presented with a small plastic
medal with “WINNER” printed on it. This did not
convey the difficult time Ted had experienced. We
decided any child going thought a similar experience
needed something tangible to describe their story.
Each bead represents a treatment or medical
intervention. Ted has over 600 lime-coloured beads
for days spent in isolation, hundreds of black beads
– one for every time he had a needle stuck into him –
red beads for every blood transfusion and white
beads relating to chemotherapy. We feel the beads
better represent the amount of procedures Ted
underwent. Beads of courage UK now provide beads
to patients in children’s oncology wards throughout
the UK.
Courtesy of John Drummond
Portrait by John Drummond
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What are the most common cancers?
Prostate, breast, lung and bowel cancers together
account for more than half of all new cases of the
disease in the United Kingdom. Lung cancer is by far
the most common cause of cancer mortality,
accounting for around a fifth of all cancer deaths.
Researchers are investigating why these cancers
tend to be more common, to find ways to reduce
their incidence and treat them.
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Virginia and Sam
Diagnosed with lung cancer in 2019, aged 55
Diagnosed with prostate cancer in 2020, aged 57
This sculpture was made for me by my husband,
Sam an artist blacksmith, while I was recuperating
after surgery for lung cancer. The sculpture sums up
the support I had from him. There was something
strong and forward-looking about it, which helped me
feel positive. Then Sam was diagnosed with prostate
cancer. This time our roles were reversed. Since
then, the sculpture has this extra dimension, a sort of
equality, where each of the figures are supporting the
other one. Sometimes when I look at it now, I see
their staring eyes and recognise the terror we went
through.
Wife and Welder
Sculpture by Sam Sherborne, 2019
Courtesy of Virginia Sherborne
Portrait by Kevin Percival, Science Museum Photo Studio
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What are blood cancers?
Grouped together, blood cancers are the fifth most
common cancer in the United Kingdom. Over 40,000
people are diagnosed with forms of the disease
every year. Blood cancers affect the production and
function of different blood cells, including white blood
cells that help our bodies fight cancer. There are
three main groups: leukaemia, lymphoma and
myeloma. Research continues to transform survival
of these cancers.
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Amy
Diagnosed with acute myeloid leukaemia in 2018,
aged 28
Creating artwork while having cancer made me feel
empowered. It allowed me to reconnect to parts of
my physical and personal identity that were being
altered due to the disease. It was important for me
respond to how my body and thoughts were
changing. My art disrupts the familiar idea of the
linear route through treatment, recovery and
survivorship. I didn’t want to focus on ‘wellness’
specifically, but the more complex in-betweens.
Cancer has presented so many social and emotional
challenges, but has allowed me to rebuild my life
surrounded by people who engage and support me
authentically.
Courtesy of Amy Elizabeth Green
Portrait by Kevin Percival, Science Museum Photo Studio
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COVID-19 and cancer
The COVID-19 pandemic has had an enormous
impact on people living with cancer, along with those
in research and care. The consequences of delays to
diagnosis and interruptions to treatment have been
immense for some individuals. The pandemic set
back a lot of cancer research, either because trials
were halted, laboratories closed or researchers
temporarily refocused their efforts on COVID-19.
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Sigourney
PhD student, Cancer Research UK Cambridge
Institute, and cofounder of Black in Cancer
My aunt Andrea had a huge impact on my life and is
the reason I work in cancer research. Over her eightyear journey with breast cancer, she was wholly
giving of her time, her love and everything else. She
was one of a kind with the ability to make us all
laugh, and to be an emotional rock for our family
when she was going through the worst time. Her
incredible story led her to be selected to be the face
of a mermaid placed in what is now known as
Andrea’s Reef. Her journey led me to cofound Black
in Cancer, an organisation which aims to empower
and encourage future Black cancer leaders, whilst
reducing cancer disparities through education and
advocacy.
Courtesy of Sigourney Bell
Portrait by Kevin Percival, Science Museum Photo Studio
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Secondary cancers
Where a cancer starts is known as the ‘primary’
cancer. Sometimes cancer cells break away and
settle and grow in another part of the body. This new
cancer growth is called secondary cancer, or a
metastasis. Once cancer has spread it can be very
difficult to cure and causes the majority of cancerrelated deaths. Research is helping more people
living with secondary cancer to live longer.
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Miranda
Diagnosed with secondary breast cancer in 2019,
aged 36
The memories I have of attending the Queen’s
garden party mean a lot to me. It is quite a story that
I could attend at all, having just come out of hospital
for treatment of sepsis – a complication from my
treatment, and being recently diagnosed with
secondary breast cancer.
I wore my mum’s Ghanaian clothes for
representation and the Kente cloth was my great
grandmother’s. My traditional Ghanaian clothes got a
lot of positive attention. I wore these shoes at the
Palace and would have taken pills such as these on
the day.
Courtesy of Miranda Ashitey
Portrait by Kevin Percival, Science Museum Photo Studio
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What is cancer?
Cancer is not a modern, uniquely human disease – it
affects all multi-cellular life including plants and
animals. Cancer starts when cooperation between
cells stops. Changes to the DNA instructions make
the cells behave differently. They divide rapidly and
begin to spread to other parts of the body.
Scientists have created many ways to study cancer
and the biological processes behind it. This has led
to remarkable advances in how we prevent and treat
cancer.
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Cancer and life on Earth
Humans are not alone in facing cancer. It appears in
nearly every organism with more than a single cell –
from dinosaurs to elephants and cactuses. We are
made of a multitude of cooperating cells. Cancer
grows when cooperation between cells breaks down.
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Crested Saguaro cactus
Crested cactuses live with the effects of cancer. The
attractive crown forms when the cells on the tips
grow abnormally because of damage or infection.
Image: Ray Cleveland

24

Athena Aktipis
Associate professor, Department of Psychology,
Arizona State University
Athena studies cooperation amongst living things,
including how cooperation breaks down between
cells in cancer.
"Learning about crested cacti marked the beginning
of my fascination with cancer across all forms of life.
Cancer is the ultimate form of cellular cheating. It’s
what happens when cells stop cooperating and start
replicating out of control. Studying cancer across
species helps us to understand how bodies usually
stop cancer starting. It’s helping us find ways for
more of us to live longer and better with the disease
– just as crested cacti continue to thrive.”
Image: Arizona State University
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Plant cancers
You may have seen knobbly growths like these on
trees in the park. They are tumours known as crown
galls, caused by excessive cell growth, usually from
an infection. Plants appear to be less affected by
cancer than people or animals. Plant cancer cells are
thought to be less able to spread because they
appear to be held in place by rigid cell walls.
1. Crown gall from an elder tree
2. Polished cross section of an elm gall showing
chaotic cell-growth patterns.
Courtesy of Economic Botany Collection, Royal Botanic
Gardens, Kew
Loan nos. L2021-189, L2021-190
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Dinosaurs lived with cancer too
Fossil records show that cancer also affected
dinosaurs, about 245 to 66 million years ago. In 2020
bone cancer called an osteosarcoma was found in a
dinosaur bone for the first time. Dinosaur experts
and doctors experienced in human cancer used
scans and a microscope to examine the bone. The
animal had probably lived with the cancer for some
time.
1. Cast of the shinbone of the Centrosaurus apertus;
the unsmooth part at the right indicates signs of bone
cancer growth
2. Section of the shinbone of the Centrosaurus
apertus used with microscope to diagnose the
osteosarcoma
Lent by Royal Tyrrell Museum, Royal Ontario Museum &
McMaster University
Loan nos. L2021-191, L2021-192
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Centrosaurus apertus
Centrosaurus apertus was a horned plant-eating
dinosaur that lived about 76 million years ago. The
fossil of its lower leg with osteosarcoma, a bone
cancer, was found in Alberta, Canada.
Centrosaurus diagram by Danielle Dufault
Courtesy of Royal Ontario Museum
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David Evans
Senior curator of vertebrate palaeontology and
dinosaur expert, Royal Ontario Museum
David Evans led the multidisciplinary team that
diagnosed a malignant cancer in a dinosaur for the
first time.
“We went on a hunt for dinosaur cancer. We looked
for fossils that showed signs of abnormal growth,
and it was exciting when we came across this
example. It took four years with an incredible team of
scientists and medical doctors to prove without doubt
this dinosaur had advanced osteosarcoma.
This bone cancer would have had crippling effects on
the Centrosaurus and made it vulnerable to
predators. Living in a large herd may have helped is
survive and allowed the cancer to reach such an
advanced stage.This bone shows a clear link
between human disease and diseases of the past,
and it opens the doors to a greater understanding of
the evolution of animal diseases.”
Image: Perry King/University of Toronto
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Tasmanian devil skull
Scientists are investigating why some animals, such
as the Australian Tasmanian devil, are more likely to
be affected by cancer than other species. Unlike
typical cancers, tumour cells are transferred from
one devil to another when they bite and fight each
other, spreading facial cancer like an infectious
disease. Researchers think that the species is in
decline because its immune system is unable to
recognise the cancer cells as foreign and dangerous.
Item on loan courtesy of the Trustees of the Natural
History Museum, London.
NHMUKZD 1989.491 Loan no. L2021-218
Image: Jason Benz Benee/Shutterstock
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Naked mole rat
Naked mole rats can live for an incredibly long time –
up to 50 years. They have an extraordinary
resistance to age-associated diseases such as
cancer. They have unique conditions in their bodies
that stop cancer cells multiplying. Understanding
what is special about their immune systems could
improve how we think about the early stages of
cancer in people and how we prevent or treat it.
Item on loan courtesy of the Trustees of the Natural
History Museum, London.
NHMUKZD 2021.6
Loan no. L2021-219
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Deer antlers
Antlers are fast-growing bone. Researchers have
discovered that the biology explaining rapid antler
growth appears to have more in common with bone
cancer than normal bone growth.
Science Museum Group
Object no. E2021.0264.1
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Cancer the crab
The name cancer derives from the Greek word for
crab, karkinos. The origin of the word is credited to
Hippocrates (about 460–375 BCE), an ancient Greek
doctor, who thought that tumour growths looked like
crab limbs.
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Cancer in ancient communities
Cancer is not a modern disease. The earliest written
description of cancer is from Egypt, in a papyrus
from around 3,000 BCE. Describing a case of breast
tumours, the writer concluded that “there is no
treatment”.
Image: New York Academy of Medicine
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Cancer in the past
People have recognised and tried to treat cancer
over the centuries. Until the 1700s, cancer in
European medicine was thought to be caused by an
excess of black bile, one of the four ‘humours’. Diets,
surgery, blood-letting and caustic chemicals were
treatments commonly prescribed by doctors to
restore balance to the body.
1. Pharmacy jar of black hellebore root, prescribed to
treat cancer by purging humoral imbalance, 1700s
2. Spring-released ‘automatic’ lancet for bloodletting, with bowl to judge the correct volume of blood
to collect, 1800s
Lent by Wellcome Collection to the Science Museum
Group
Object nos. A643317, A116036, A43171

35

Kathryn Hunt
Archaeologist and paleopathologist
Kathryn was diagnosed with ovarian cancer aged 22.
Her experience fuelled her curiosity about cancer
and how ancient communities lived with the disease.
“After my cancer diagnosis, I wondered: how did
cancer affect people in the past? I began looking at
ancient texts and analysing ancient remains, to look
for evidence of cancer in antiquity. Looking at
patterns of cancer in ancient communities tells us
about what factors may have contributed to who got
cancer and how many people in the past
experienced the disease.
As any cancer survivor will know, you always ask
yourself: What did I do to cause this? That’s not how
it should be: cancer has been around for a really
long time. It’s not anyone’s fault.”
Image: Khrystyne Tschinkel. Transylvania Bioarchaeology
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It begins with a single cell
Cells are the smallest unit of life and the basic
building blocks of all living things. Our bodies are
composed of trillions of cells. Inside each cell is the
nucleus – the command centre, containing all the
instructions the cell needs to grow, function and
multiply. Cancer starts when changes occur to these
instructions, altering how cells behave.

Inside the cell nucleus
DNA, or deoxyribonucleic acid is a long molecule
that contains instructions controlling how cells
function. DNA is tightly packed to fit inside the
nucleus of every cell. It is coiled into structures
called chromosomes, which help cells copy and
distribute DNA every time they divide. Changes to
the number or structure of chromosomes can cause
cancer to start.
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Copy that
When our bodies need to grow, repair or renew, cells
multiply by dividing into two copies of themselves.
The process of cell division creates identical copies
of the cell, including all the DNA inside it. However,
mistakes can occur that introduce changes, called
mutations, which can cause cancer to start.

Cell of origin
There are at least 300 different cell types in the body,
probably many hundreds. Each one has the potential
to develop into cancer, which explains why there are
many different forms of cancer. Carcinomas, the
most common type of cancer, start from epithelial
cells that cover the inside and outside surfaces of the
body.

Uncontrolled growth
As healthy cells grow they organise themselves into
the tissues and organs of our bodies. When they
38

grow old or are damaged they die, and new cells
take their place. In cancer this orderly process
breaks down. Cells grow chaotically and
uncontrollably. They don’t die when they should and
they gain abilities to spread to other parts of the
body.
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Seeing and studying cancer
Cancer research is a careful, step-by step process.
Much of what we know about the disease comes
from researchers across the globe studying every
aspect of cancer’s biology. Growing and studying
cells takes skill, and innovative methods and models.
By looking at how cancer starts, how tumours grow
and spread in the body, researchers are continuing
to reveal new information about the disease. This
knowledge is translating into more effective
treatments and ways to present cancer.
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Tissue specimen block and slides
Doctors called pathologists look at cells using a
microscope to make a diagnosis. Tissue from
someone who might have cancer is put in a paraffin
wax block. It is sliced into thin layers, stained with
dyes, and placed onto glass slides to be examined.
Pathologists look for differences in the size and
shape of cells to decide the precise type of cancer
and whether it has started to spread.
Object no. E2021.0067.2
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Culture flasks used to grow cancer cells
The ability to grow cancer cells outside the body in
flasks like this has been fundamental in progressing
cancer research. Scientists can study how cancer
cells grow and test different treatments on them.
Today, hundreds of different cancer cell types are
used to study a wide range of cancers.
Credit: Cancer Research UK Manchester Institute
Object no. E2021.0262.5 to E2021.0262.7
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The first cancer cell line
HeLa was the first cancer cell line to be created in
1951. It transformed how scientists studied cancer.
HeLa originates from cells taken from Henrietta
Lacks, an African-American woman and mother of
five who died of cervical cancer aged 31. The cells
are able to grow and renew themselves in artificial
culture indefinitely. Taken without Henrietta and her
family’s knowledge or consent, HeLa cells have
raised many questions about ethics in medical
research.
1. HeLa cells in culture flask
2. Henrietta Lacks, undated photograph.
Lent by Cancer Research UK Manchester Institute
Object no. E2021.0262.4
Image: National Academy of Sciences, USA
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Two HeLa cells pictured by a scanning electron
microscope
Image: Anne Weston, Francis Crick Institute (CC BY-NC
4.0)
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Cancer in living models
Studying cancer in bacteria, yeast, fruit flies and
mice helps researchers understand cancer in
humans. Mice are very like humans in terms of their
genetic make-up. In the United Kingdom, all new
drugs must be tested in animals before they are
given to people. Researchers are reducing the
number of animals used in research and using
alternatives if possible. Scientists follow strict ethical
and animal protection regulations when working with
‘living models’.
1. High-welfare mouse cage, enriched with activities
for chewing, climbing & nesting
2. Handling tube used to reduce stress while mice
are examined
3. Callipers for measuring changes in tumour growth
in mice models
Lent by Cancer Research UK Manchester Institute
Object nos. E2021.0262.1, E2021.0262.2, E2021.0262.3
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Laboratory mice
The mice in this film are created in different ways –
the first are made by implanting tiny samples of
patient tumour tissue into laboratory mice. Mice are
vital models for understanding how tumours start and
develop in living bodies, essential for identifying new
targets for therapy and testing new treatments.
Video: Cancer Research UK Manchester Institute
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Joanne Roberts
Senior Animal Technician, Cancer Research UK
Manchester Institute
“Much of our work can be conducted using cell lines
and other in vitro methods, but some of our research
requires animals. For this we use mice, including a
range of transgenic animals which enable us to study
the genetic basis of different cancers and targets and
the way in which these might be treated. It also
allows us to exploire the role of the immune system
in helping to treat cancer.
My role is to provide high-quality care for the animals
and to assist and advise the scientists with their
work. Maintaining a high standard of animal welfare
and striving to constantly refine our procedures is
something I feel very passionate about and we have
made some great improvements in recent years, for
example implementing tube handling of our mice to
reduce stress and using non-invasive imaging to
monitor tumour growth."
Image: Cancer Research UK Manchester Institute
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Organoids: tumour cells in 3D
Organoids are tiny three-dimensional clusters of
tumour cells that can be grown directly from an
individual’s cancer. They are a recent innovation
revolutionising cancer research. They can be grown
in days to replicate the complex make-up of cancers,
so lots of different cancer types, including rare ones,
can be studied. This will help to trial new therapies
and personalise treatment.
Video: Vivian Li, The Francis Crick Institute
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Vivian Li
Group Leader, The Francis Crick Institute
Vivian Li’s lab creates organoids to study the biology
of bowel cancer.
“Organoids, also called mini-organs, are little balls of
cells that grow in a way that better resembles the
tissues and organs in the body. We can now grow
cancer organoids from cells isolated from patients
and use them to test drugs to identify which
treatments may work best for individuals.
My lab also uses them to engineer small bowel grafts
that may offer new treatment options for individuals
with bowel diseases in future. This technology is
transformational. Together with recent advances in
gene editing technology, organoids are creating
exciting new research and therapy opportunities.”
Image: The Francis Crick Institute
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A-mazing moves
Cancer can spread to other parts of the body, making
it hard to treat. This is called metastasis and causes
most cancer deaths. Using silicon mazes, including a
re-creation of Hampton Court maze, researchers at
the Cancer Research UK Beatson Institute are
investigating how cancer cells move to new
destinations in the body.
Video: Robert Insall, Cancer Research UK Beatson
Institute
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Tumour section showing metastasis
Robert and his team use computer algorithms to
analyse every cell within an image of a section of a
colon tumour. They identify which cells are
metastasising – moving away from where the cancer
started.
Image: Robert Insall, Cancer Research UK Beatson
Institute
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3D-printed tumour models
Imaging technologies can picture cancer inside the
body. This helps with diagnosis, and to monitor
whether a cancer is spreading or a therapy is
working. 3D printing is transforming those images
into three-dimensional anatomical models, which
help clinical teams plan complex cancer surgery.
1. Model of a brain tumour
2. Model showing a tumour in a lung
3. Model of a pelvic tumour
Lent by 3D LifePrints
Object nos. E2021.010.3, E2021.010.4, E2021.010.5
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Mutations cause cancer
Mutations are changes to DNA inside cells.
Sometime those changes affect genes, regions of
DNA that control how a cell functions. Mutations are
common. They occur by chance when a cell divides
or can be caused by our lifestyle or environment.
They are not always harmful, and the body usually
corrects them. Sometimes mutations cause
important genes to be damaged, lost or copied too
many times causing a healthy cell to become
cancerous and grow uncontrollably.

53

Risk over a lifetime
Cancer occurs more often in older people. As we
age, our cells accumulate more and more mutations
over a lifetime. Researchers have shown that single
mutations rarely cause cancer. Cancer is still
relatively rare considering how many cells we have
in our bodies – estimated to be 37 trillion.
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Genetically engineered mice
The Harvard mouse, or OncoMouse, was a new type
of mouse model genetically engineered to be more
likely to get cancer. American researchers in the
1980s used a virus to insert cancer-causing
oncogenes into the DNA of mouse embryos. The
resulting mice and their offspring became important
models for scientists to study cancer. The decision to
patent these animals proved controversial.
Science Museum Group
Object no. 1989-437
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Oncogenes and tumour suppressors
There are two important types of genes involved in
the development of cancer. Oncogenes tell cells to
grow – when they are damaged, cell growth will not
stop. Tumour suppressor genes tell cells to stop
growing – but if they are damaged, cells keep
multiplying. One tumour suppressor called p53 is
found to be altered in over 50% of all cancers.
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Sigourney Bell
Gilbertson Lab, Cancer Research UK Cambridge
Institute
“My research focuses on childhood brain cancer. I’m
designing a new mouse model that more closely
simulates a rare form of childhood brain cancer
called an ependymoma, to help find and test new
treatments and reduce the side affects associated
with current therapies.
Firstly, we generate the altered DNA sequence that
occurs causing this type of tumour, and we inject this
DNA into a number of mouse embryos to cause
tumours to form during development as we see in
children. We also design them to produce luciferin, a
protein first identified in fireflies that is
bioluminescent, to help us see the tumour. The
brighter the image, the more tumour there is.
We can therefore use this to look at whether we give
new drugs or radiotherapy to see whether the tumour
is getting smaller in time and whether our new
treatment are working in a less invasive way”
Image: Science Museum Photo Studio
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Does cancer run in families?
Between 3% and 10% of cancer cases are caused
by inherited gene mutations passing from parent to
child. Being born with altered genes doesn’t mean
that a person will definitely get cancer. But it does
mean they are more likely to develop particular types
of cancer than other people and often at a younger
age.
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Caroline’s breast cast
Caroline made this cast of her breasts at the age of
35 before choosing to have them removed by
surgery in 2009. She had tested positive for a
BRCA2 gene mutation, which increases the risk of
breast, ovarian and other cancers. BRCA genes
were the first inherited cancer genes to be identified,
in the 1990s.
Donated by Caroline Presho
Science Museum Group
Object no. 2019-189
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Caroline
Diagnosed BRCA2 positive aged 33
“I will never forget what my Genetic Consultant told
me the day I got my BRCA-positive results –
‘knowledge is power’. Receiving the news was like
hitting a brick wall head on – all I remember of the
conversation was a lot of percentages and a lot of
different words like breast cancer, ovarian cancer,
mastectomy, and oophorectomy – words that weren’t
in my everyday vocabulary. I came out feeling numb.
I decided to get rid of the danger boobs and opted
for risk-reducing surgery. Within less than a year I
had my preventative double mastectomy; this cut my
risk of developing breast cancer from 85% to 2%.
Whilst risk-reducing surgery is not right for everyone,
giving individual’s the ability to make informed
decisions about their future is.
Image: Caroline Presho
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Cell projection
As shown here, cells acquire changes – or mutations
- to their DNA over time. Rarely do one or two
mutations - here represented by the black dots - lead
to cancer. Very often our cells repair changes, carry
on unaffected, or they die in a process called
apoptosis.
Cells that accrue many changes – scientists estimate
between 1 and 10 – stop being able to understand
their DNA instructions and start to grow out of
control. The challenge for scientists is to identify
which mutations are responsible for particular kinds
of cancer.
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Uncovering causes of cancer
The question ‘What causes cancer?’ has intrigued
people for generations.
Some have studied groups of people, finding links
between their occupations or lifestyles and cancer.
Others have devised experiments to identify cancercausing chemicals or link tumours to infection. Our
ability to read DNA and link genetic changes to
specific causes has transformed cancer research.
Scientists today analyse large data sets about global
populations to find out more about causes of cancer.
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Sea urchins
Our understanding of the relationship between
genetics and cancer dates back long before our
ability to sequence DNA. The German biologist
Theodor Boveri (1862–1915) studied sea urchin
eggs and embryos. He observed that cancer is
caused by altered chromosomes when cells fail to
divide properly. Scientists identify chromosome
changes as a hallmark of cancer and as a focus for
new therapies.
Item on loan courtesy of the Trustees of the Natural
History Museum, London
BMNH 1966.5.6.92
Loan no. L2021-220
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Theodor Boveri (1862–1915)
Theodor Boveri’s ideas about cancer were published
in his 1914 book Concerning the Origin of Malignant
Tumours.
Image: Hugo Freund und Alexander Berg (public domain)

64

Cigarette advert ‘More Doctors Smoke Camels’
In the 1940s Britain had the highest rate of lung
cancer deaths in the world – and no-one knew why.
British researchers Richard Doll and Austin Bradford
Hill launched the British Doctors’ Study in 1951. Over
50 years they tracked the smoking habits of doctors
and cases of disease, finding a direct link between
smoking and lung cancer. This inspired prevention
campaigns such as the UK’s ban on smoking in
enclosed public spaces, which began in 2007.
Object no. E2021.0271.1
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Smoking and lung cancer
Richard Doll (1912 – 2005) and Austin Bradford Hill
(1897 – 1991) were British researchers whose
studies in the 1950s showed smoking caused lung
cancer. At the time road tar was widely thought to be
responsible.
Image: Nick Sinclair/Elliot and Fry; National Portrait
Gallery
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Ames test
Scientists cannot use people to test substances that
might cause cancer, carcinogens. Instead they have
come up with alternatives. In the 1970s American
biochemist Bruce Ames invented a test using
modified Salmonella bacteria. Bacterial colonies
grow when exposed to substances that mutate DNA
– suggesting that they are probably carcinogens.
Lent by Gentronix
Object no. E2101.0298.1
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Searching for causes of cancer
This international team of scientists is searching for
unknown causes of cancer by examining patterns in
the DNA of 5,000 tumours sampled from patients
around the world.
Duration: 2 minutes
With thanks to the Mutagraphs of Cancer project team, a
Cancer Grand Challenges funded project
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Human papillomavirus (HPV) vaccine
Specific viruses have been identified as a cause of
some cancers since 1911. German virologist Harald
zur Hausen showed in 1983 that most cases of
cervical cancer are caused by certain types of
papilloma viruses. Today, vaccines to prevent these
cancer-causing viruses, alongside cervical
screening, are dramatically reducing the impact of
cervical cancer in the United Kingdom.
Donated by Public Health England & Essex school
immunisation services
Object no. E2021.0227.1
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Papillomavirus
Luke Jerram
Papillomavirus is part of Glass Microbiology, a series
of glass sculptures of microbes developed by artist
Luke Jerram since 2004. The jewel-like, colourless
sculpture of the virus has been created as an
alternative to the artificial coloured representations of
viruses and other microbes used within widespread
media. The work also invites you to think about the
global impact of the disease.
Loaned by the Wellcome Collection, London
Loan no. L2021-216
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Cancer causes in nature
Cancer is often mistakenly thought to be a modern,
man-made disease. Cancer-causing agents can be
found in nature – from excessive sunlight, to
chemicals made by moulds and plants. Aristolochia
clematitis, pictured here, belongs to a family of plants
that contain cancer-causing toxins called aristolochic
acids.
Image: C T Johansson CC BY-SA 3.0

Sun, UV and cancer
Too much ultraviolet (UV) radiation from the sun or
sunbeds can damage the DNA in skin cells. If
enough DNA damage builds up over time it can
cause cells to grow out of control, which can lead to
skin cancer.
Image: YanLev/Shutterstock
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Smoking and cancer
Not smoking is the most effective way to reduce your
cancer risk. Smoking is the biggest cause of cancer
in the United Kingdom and around the world.
Cigarettes release over 5,000 different chemicals
when they burn and many of these can damage DNA
in our cells.
Image: Bokeh Blur Background/Shutterstock

Diet and alcohol
What we eat and drink can affect our cancer risk.
Scientists have identified chemicals in processed
meat that increase the risk of bowel cancer. Alcohol,
and how the body breaks it down into a chemical
called acetaldehyde, has been linked to seven types
of cancer, including breast, bowel and liver cancer.
Image: Nitr//Shutterstock
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Asbestos
Some jobs are associated with a higher risk of
cancer than others. In the 1900s scientists linked a
rise in cases of mesothelioma, a cancer of the lining
around the lungs, to individuals who worked with the
fibrous mineral asbestos. Its use was banned in the
UK in the 1990s.
Image: Wirestock Creators/Shutterstock
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Obesity poster
In the UK excess weight is the second biggest cause
of cancer after smoking – though it doesn't mean that
someone will definitely develop cancer. Research
has shown there is a clear link between obesity and
cancer, and scientists are investigating how excess
fat causes cancer. Fat cells can affect hormones
produced in the body and cause inflammation. This
increases the risk of cancer by affecting how and
when cells divide and die.
Donated by Cancer Research UK
Object no. E2021.0299.1
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Myth-busting causes of cancer
We can’t cancer-proof our lives, but thanks to
research there is much clearer evidence about what
causes cancers and the actions that we can take to
reduce the risk.
Headlines about cancer and its causes can often
seem contradictory. Try your hand to see how much
you know about proven causes of cancer.
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When cancer appears
Every two minutes someone in the UK is diagnosed
with cancer. Be it first-time cancer, or cancer
returning, it can be devastating, life-changing news.
Waiting for results can be a difficult and unsettling
time.
Scientists have worked over the years to improve
when and how we detect cancer. From blood tests to
biopsies, and body scanners, diagnostic
technologies detect cancer and its extent in the body.
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Diagnosing cancer
Every day more than a thousand new cases of
cancer are diagnosed in the UK. Nearly half (45.5%)
of all cases of the disease are diagnosed at a late
stage, when they are harder to treat successfully.
Diagnosing cancer at its earliest stages, before it has
had a chance to grow and spread to other parts of
the body, significantly improves an individual’s
chances of surviving the disease. Scientists are
innovating new ways to ensure more cancers are
diagnosed early.
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Jo
Diagnosed with acute lymphoblastic leukaemia in
2016, aged 26
In the first year after my diagnosis I was in hospital
for about a third of the time. It is amazing how much
'stuff' you accumulate! I had clothes, magazines, and
things like fluffy blankets to provide comfort. A friend
sent me this pillowcase, decorated by her 7-year-old
child. I used it to keep my things in. It made
everyone smile. But to me it represents so much
more. Even when people can't be with you
physically, they are still with you, thinking of you,
giving you the strength to keep going even in the
dark days of treatment.
Courtesy of Jo Jones
Portrait by Kevin Percival, Science Museum Photo Studio
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Cancer and inequalities
Researchers are revealing inequalities that exist
within experiences of cancer and cancer care.
They’ve found that around 20,000 extra cases each
year occur in more deprived areas of the UK, where
people are more likely to get cancer, receive a
diagnosis later, and report difficulties accessing
cancer services. Identifying these inequalities is the
first step in trying to solve them.
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Jenni
Diagnosed with acute myeloid leukaemia in 2019,
aged 33
I have a difficult relationship with this badge.
Although I am very open about my cancer, I feel that
it reminds me too much of the 'baby on board'
badges. Fertility is a sensitive subject for me and
many other young people who have experienced
cancer treatment. While I understand that some
people find this badge really useful, I'd prefer one
that doesn't mirror the language of the pregnancy
one. I had to go to a clinic on my birthday, so I stuck
a sticker over the word 'cancer' and changed it to
'birthday'! That’s why it looks so scuffed.
Courtesy of Jenni Elbourne
Portrait by Kevin Percival, Science Museum Photo Studio
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Screening for cancer
Cancer screening saves thousands of lives each
year by looking for early signs of disease in people
with no symptoms. The UK has three screening
programmes for bowel, breast and cervical cancer.
Researchers are working on new tests for prostate,
lung and ovarian cancers, yet so far there isn’t
enough evidence to support screening for these and
other cancers. Screening services were seriously
impacted by the COVID-19 pandemic. An estimated
3 million fewer people were screened in the UK
between March and September 2020.
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Errol
Diagnosed with prostate cancer in 2010, aged 53
I had a prostate specific antigen (PSA) test after
reading a leaflet in my doctor’s surgery. Even though
I didn’t have any symptoms, I was diagnosed with
cancer. I was distraught. Thankfully, it was caught
early, and after treatment I’ve been given the allclear.
I became passionate about raising awareness of
prostate cancer – particularly among black men, who
are at higher risk. I encouraged every man who
came into my garage to speak to their GP about
prostate cancer. In return I offered a discount on their
MOT. Those conversations helped save the lives of
around 50 men.
Courtesy of Errol McKellar/Prostate Cancer UK
Portrait by Dennis Morris, assisted by Bolade Banjo
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Treating cancer
Over the last 50 years, research has driven
astonishing progress in our ability to treat cancer.
Now, half of people diagnosed with cancer live for
ten years or longer.
For most of history, surgery was used to treat cancer,
until scientists discovered that radiation and certain
drugs could kill cancer cells. In the 1990s new drugs
that specifically target cancer cells kick-started a
revolution in personalised cancer care.
You might ask, ‘When will there be a cure?’ Cancer
is a complicated disease and there will never be one
simple cure. Today, many therapies are used
together to ‘cure’ some individuals’ cancers. Many
others live with their cancer managed as a long-term
disease.
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Surgery
Today, nearly half of those diagnosed with cancer
are treated with surgery. In the past, surgery was
one of the few treatments available to people living
with cancer. Operations were painful, high risk, and
needed to be swiftly carried out by skilled surgeons.
In the 1850s anaesthetics and developments in
hygiene transformed surgeons’ abilities to carry out
more complex cancer operations. More recently,
innovations in keyhole surgery, diagnosis and
robotics have improved patient outcomes and
recovery.
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The operation of Fanny Burney
The diarist and novelist Frances Burney was
diagnosed with breast cancer in 1810 at the age of
58 and wrote an account of her ‘terrible operation’ for
her sisters.
Having arranged her will and farewell letters to her
son and spouse, she drank a wine cordial – the only
anaesthetic she received from her doctor. The
operation lasted 20 minutes, which Burney recalled
in vivid detail:
‘When the dreadful steel was plunged into the breast
– cutting through veins – arteries – flesh – nerves –
... I began a scream that lasted unintermittingly
during the whole time of the incision – & I almost
marvel that it rings not in my Ears still! So
excruciating was the agony.’
The operation was a success and Burney lived for
another 29 years.
Portrait of Frances Burney by Edward Francisco Burney,
about 1784‒85.
Image: National Portrait Gallery
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Breast cancer surgery
Surgery to remove breast tumours has a long history.
It was one of the few areas of the body that surgeons
could operate on successfully before the introduction
of anaesthetics and better hygiene. Yet even when
the patient survived the operation, doctors and
surgeons were aware that the cancer would often
return and spread.
1. Portrait of Mrs Prince of Coborough Street, Leeds,
depicted after the surgical removal of a tumour from
her right breast, 1841 - surgeons had limited
reconstructive techniques, so patients were often left
with a large chest wound.
2. Breast knife by Down, about 1860
Lent by Wellcome Collection, London
Object nos L2021-215, A600641
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Operation to remove a breast tumour from a man
in a Dublin drawing room, 1817
This depiction of surgery to remove a breast tumour
from a male patient, performed on 28 July 1817, was
drawn by a student observing the operation. The
surgeon was Rawdon Macnamara, who had qualified
only two years earlier. The setting and absence of
anaesthesia seem extraordinary today. The patient
died 14 days later
1913 copy of original
Lent by Wellcome Collection, London
Loan no. L2021-214
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Putting radical mastectomies on trial
Surgeons began to try more radical techniques to
stop breast cancer coming back.
William Halsted, an American surgeon, invented the
‘radical mastectomy’ in the 1890s, an operation
which removed large amounts of tissue from a
patient’s chest to ‘uproot cancer’. The operation left
patients in pain and disfigured.
Research at Guy’s Hospital in London between 1961
and 1975 showed that such radical surgery was
unnecessary. Today, most surgery for breast cancer
leaves as much normal tissue as possible.
1. Dr William Halsted operating on a patient at Johns
Hopkins Hospital, USA, in 1904
2. Illustration from William Halsted’s 1894 paper
depicting the radical mastectomy procedure
Images from the surgical papers of William Steward
Halsted, Wellcome Collection, London
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Preoperative cast of Robert Penman, 1828
At the age of 16, Robert Penman began to notice a
hard swelling to his left lower jaw. By age 24 the
tumour had grown to the size seen in the cast –
made just before Scottish surgeon James Syme
carried out a remarkable operation to remove it in
1828. The procedure was carried out without
anaesthesia in 24 minutes, while Penman sat upright
in a chair. He went on to make a good recovery.
Lent by Surgeons’ Hall Museums, The Royal College of
Surgeons of Edinburgh
Loan no. L2021-217
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Robert Penman in later life
James Syme and Robert Penman met by chance 17
years after the operation. Penman had grown a large
beard to disguise his scarring from the operation.
Syme reported he was ‘no less surprised than
pleased to see how little the operation had injured
either his appearance or speech’.
Image: Royal College of Surgeons of Edinburgh
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Portrait of Scottish surgeon James Syme (1799–
1870).
Image: Wellcome Collection (Public Domain)
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3D printing for cancer surgery
This surgical team is using a 3D-printed anatomical
model to plan an operation. 3D printing is
revolutionising health care. The data from patients’
body scans is translated into printed bespoke
anatomical models, implants and surgical guides
which can improve surgical planning, precision and
recover.
Image: 3D LifePrints
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3D print of forearm and cutting guide, 2019
At age 19, James was diagnosed with a sarcoma, a
cancer of connective tissue, at his wrist. Surgeon
Tom Cosker commissioned this 3D print of James’s
forearm to plan the operation to remove the tumour
(indicated in yellow) within a safe margin, while
leaving as much healthy tissue untouched as
possible. The small magenta disc is a cutting guide,
used by Tom to mark exactly how close he could cut
to James’s wrist.
Lent by 3D LifePrints
Object no. E2021.0103.1
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James
Diagnosed with a sarcoma at his wrist, aged 19
“One of the most memorable aspects of the entire
treatment was how everything in my life accelerated
from zero to 100, after just one afternoon in March
2020. The treatment programme was incredibly busy,
with long stays in hospital receiving chemotherapy,
the unexpected admissions following low white blood
cell counts, and the mobility and logistical challenges
of recovering from surgery whilst continuing to
complete treatment.
Nonetheless, the best moment of the whole
experience finally came with the last drop of IV
medicine, after which I rang the end of treatment bell
and have since, thanks to the incredible support and
hard work of NHS doctors, nurses, and staff, been
able to get my life back to normal.”
Image: James Counsell
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Tom Cosker
Consultant sarcoma surgeon, Nuffield
Orthopaedic Centre, Oxford
"James had a really challenging tumour of his
forearm. We knew it would be really difficult to resect
(remove) so we used incredible new techniques to
help us pre-plan surgery and produce a 3d model of
the tumour. We made cutting guides which could be
attached onto the tumour to obtain a clear margin
(normal tissue next to tumour) to make sure it
wouldn’t come back.
James has achieved an incredible result from
surgery and should now have a normal future life.
He’s been able to get back to nearly everything he
wants to do, we’re thrilled with the result!"
Image credit: Tom Cosker
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3D printed abdominal tumour, 2019
Leah was six years old when she was diagnosed
with a tumour in her abdomen, that wrapped around
her spine and major blood vessels. It was considered
too risky to be removed by surgeons in a number of
centres across England. With the help of this 3D
print of the tumour, a teams of surgeons at alder Hey
Hospital in Liverpool were able to plan and carry out
the surgery. They successfully managed to remove
90% of the ‘impossible’ tumour. Leah spent two
weeks recovering from the surgery, then received
radiotherapy before ‘ringing the end of treatment bell’
in January 2020.
With thanks to the Bennett family Alder Hey Children’s
Hospital and 3D LifePrints
Object no. E2021.0103.2
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Leah with father Stephen and Alder Hey surgeon
Jo Minford
Leah is now nine years old, and though she remains
on treatment, she has returned to school full time
and is back playing football with her local team.
Image: NW Innovation Agency
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iKnife sampling device
Scientists at Imperial College London have
developed an ‘intelligent knife’ that tells surgeons
whether the tissue they are cutting is cancerous or
not. Their aim is to reduce the number of patients
needing multiple operations to fully remove their
cancer. The ‘knife’ is an electrical cutting device that
burns rather than cuts tissue. This produces smoke
which is analysed by a machine that distinguishes
between chemical signatures indicating cancer and
that of healthy tissue.
Lent by Waters Corporation
Object no. E2021.0146.1
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Robotic surgery at the Royal Marsden Hospital
In 2019 Dean, a patient at the Royal Marsden
Hospital in London, underwent pioneering surgery to
treat his advanced cancer using robotic technology.
Robotic surgery is used to help remove hard-toreach tumours. Because robots offer more dexterity,
can operate in more confined spaces and result in
smaller incisions, they can shorten surgery times and
lessen side effects for patients, compared with
traditional surgery.
Duration: 2 minutes
Video: The Royal Marsden
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Ailin Rogers
Robotic Surgical Fellow, The Royal Marsden NHS
Foundation Trust
“With the da Vinci robotic surgical system, I use a
control console to manoeuvre robotic instruments,
which cut and manipulate tissue in much the same
way a surgeon would when carrying out standard
surgery. However, compared with open or keyhole
surgery, this technology miniaturises hand
movements and surgical instruments, so surgery is
more precise and patients can recover faster as they
have less pain and smaller scars.”
The Royal Marsden’s Robotic Surgery Fellowship is
funded by supporters of The Royal Marsden Cancer
Charity.
Image: The Royal Marsden NHS Foundation Trust
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Using radiation to treat cancer
Radiotherapy started after the discovery of X rays
and other sources of radiation over 100 years ago.
Decades of research and innovation have made
radiotherapy an advanced and precise treatment,
delivering controlled doses of radiation directly to a
cancer from outside and inside the body.
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How does radiotherapy work?
Radiotherapy is a treatment where radiation is
directed towards cancer cells to kill them. Radiation
damages the DNA of the cancer cells, so they stop
growing and dividing. Healthy cells can also be
damaged as radiation travels through the body. This
causes side effects, but healthy cells repair their
DNA after treatment.
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Radium teletherapy apparatus used at the
Westminster Hospital, London
This radiotherapy device held 4 grams of radium,
encased within thick lead, above a patient’s tumour.
This was part of innovative cancer therapy by Ernest
and Francis Rock Carling in the 1930s. Over two and
a half years, more than 600 patients had radium
treatment in shifts, day and night, to make the best
use of an expensive and precious resource.
Lent by Wellcome Collection to the Science Museum
Group
Object no. A639429
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Painting showing the radium teletherapy device
in use
Figuring out how to expose patients to radium and
for how long, while keeping medical staff safe, was a
very real challenge clinical and engineering staff had
to overcome.
Image: Science Museum Photo Studio
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Radium for radiotherapy
Marie and Pierre Curie discovered the radioactive
element radium in 1898, during their investigations of
pitchblende – a naturally occurring mineral. They
found that radium released radiation energy which,
like x-rays, could burn skin. They began to research
radium’s potential as a cancer treatment. One
advantage of using radium over x-rays was that it
could be implanted inside the body to reach tumours
deep within.
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Marie Curie and Pierre Curie at work in their Paris
laboratory, about 1905.
Image: Wellcome Collection (CC BY 4.0)
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Radium purchase certificate
Radium became one of the most expensive materials
in the world because of its rarity. This certificate
records the purchase of 0.2 grams of radium bromide
in 1914 from the United States. It was used to launch
the Holt Radium Institute in Manchester. Hospitals
relied on wealthy benefactors such as the Holt
brewing family and local donations from workplaces
or social clubs to purchase radium for cancer
therapy.
Lent by Museum of Medicine and Health, University of
Manchester
Loan no. L2021-199
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The Christie Hospital, Manchester
The Christie is one of the largest specialist cancer
hospitals in Europe. It became famous for its
targeted use of radium, known as the ‘Manchester
method’, in the 1930s. In 2019 it became the first
NHS centre to treat patients with a new form of
radiotherapy called proton beam therapy.
Above: The Christie Hospital in the 1950s.
Image: The Christie NHS Foundation Trust
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The Manchester method
How much radium? What size dose of radiation?
Questions like these, investigated by a team of
clinicians at The Christie Hospital from the 1930s,
transformed the practice of radiotherapy. They
devised the ‘Manchester method’, the first
international standard for measuring and determining
the most effective dose of radium therapy for
different cancers.
1. Needles and ‘seeds’ for containing radium, used at
The Christie Hospital for placing on or under the
skin, about 1950
2. Hand cast for holding in place radium seeds in the
treatment of skin cancer of the hand, about 1950
3. Cervical ‘olives’ and forceps designed to contain a
radium source, used for internal treatment of cervical
cancer
Lent by Museum of Medicine and Health, University of
Manchester
Loan nos. L2021-199 – L2021-204
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Precision radiotherapy treatment
The latest development in radiotherapy is the
magnetic resonance linear accelerator (MR linac).
The machine tailors treatment precisely to a patient’s
anatomy, by combining radiotherapy with MRI body
scanning technology. It has the ability to adapt the
shape of X-ray beams in real time to accurately
deliver doses of radiation to cancers which move
during radiotherapy, including tumours in the lung
when patients breathe.
Above: The MR linac, built by Elektra, at the Royal
Marsden, London – where the first patient in the UK was
treated.
Image: The Royal Marsden, London
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Little linac model
Models of linear particle accelerators (Linacs) are
given to children about to receive radiotherapy, to
help explain what the treatment involves and reduce
anxiety. Linacs use radio waves to accelerate
electrons to high speeds and crash them into a metal
target to make high-energy X-rays. This is how
radiotherapy has mainly been delivered since the
1950s.
Lent by The Little Linac Project, Institute of Physics and
Engineering in Medicine (IPEM)
Object no. E2021.0228.1

111

Trina Herbert
MR Linac Operational Superintendent, the Royal
Marsden NHS Foundation Trust
“I’ve worked in The Royal Marsden’s radiotherapy
department in Sutton since 1998 and, during that
time, I’ve seen many innovations and changes. As
the technology has developed, the role of therapeutic
radiographers has grown, and we’ve learnt new skills
to keep up with the latest in imaging and treatment.
I’m excited by the MR Linac’s cutting-edge
technology, which allows for radiotherapy to be
adapted in real time using highly detailed imaging.
While the machine was being installed, I spent six
months in our diagnostic MRI department to prepare.
I then had the honour of being on the team that
treated the first patient in the UK. I was drawn to
therapeutic radiotherapy because you have daily
contact with patients, sometimes over several
weeks. It’s nice to develop a rapport and personalise
their care. For example, playing their preferred music
during treatment and maintaining communication
over the intercom, which helps reassure them.”
Image: The Royal Marsden NHS Foundation Trust
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Radiotherapy shell
Patients such as Steve wear custom-made facial
masks for radiotherapy to their head or neck. Masks
help to keep people in the right position, which is
crucial for radiotherapy to be as precise as possible.
The masks are mesh plastic that becomes soft when
heated in hot water so it can be gently moulded to
the patient’s face and neck.
1. Radiotherapy mask worn by Steve during his
treatment for throat cancer.
2. Chewing gum and skin cream used by Steve to
manage the side effects associated with radiotherapy
treatment including loss of saliva and taste, and skin
damage.
Lent by Steve Bergman
Object nos. L2021-196, E2021.0300.1, E2021.0300.2
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Steve
56 when diagnosed with Stage 4 HPV Squamous
Throat Cancer in 2016, aged 56
“The side effects of my radiotherapy were quite
unpleasant. There was the absolute loss of any
taste. I had sores and blisters inside my mouth which
lasted for long after the treatment finished. My
swallow function was affected; I would constantly be
having to drink water and chew gum as it helped
stimulate my saliva glands. The skin on my neck
blistered and flacked and I had to apply specialist
creams to relieve the sensitivity.
At home I have my radiotherapy mask back lit like a
‘object d’arte’! It represents a time when I did not
know what my outcome would be.”
Image: Science Museum Photo Studio
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Proton beam therapy at The Christie Hospital,
Manchester
Proton beam therapy is a new form of radiotherapy
that uses a high-energy beam of particles – protons
– that move at two-thirds the speed of light. Proton
beam therapy causes less damage to tissue and
allows a faster recovery with fewer side effects. This
is particularly welcome for children and young adults,
whose bodies are still developing.
Duration: 2 minutes
With thanks to The Christie NHS Foundation Trust and
contributors to this film
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A proton beam treatment room at The Christie
Hospital, Manchester – the first NHS high-energy
proton beam therapy centre in the UK. A robotic
couch positions the patient accurately under the line
of the beam.
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Chemotherapy
Almost a third of people living with cancer are treated
with chemotherapy – drugs that can kill cells,
particularly cancer cells. Over 100 chemotherapy
treatments have been created since the first drugs
emerged out of research into poison gas after the
First World War.
Today, chemotherapy is used in many combinations
– to shrink tumours before surgery, to prevent
recurrence after surgery, to cure some cancers
completely and to alleviate the symptoms in others,
extending lives.
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What is chemotherapy?
Chemotherapy drugs kill cells that are in the process
of splitting into new cells. The drug might stop the
cell from dividing by damaging the control centre or
by interrupting the chemical processes. Cancer cells
divide more often than most normal cells, so
chemotherapy is more likely to kill them than normal
cells.
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Trenches to treatment
The first anticancer drugs came from studying the
effects of mustard gas – a deadly chemical weapon
in the First World War. Affected soldiers had very low
counts of white blood cells. Researchers then
investigated if nitrogen mustard could halt the growth
of rapidly dividing cells in blood cancers.
Chemotherapy derived from nitrogen mustard
compounds is still used to treat some cancers today.
1. Gas mask, German or British made, about 1917
2. Gas alert rattle, England, 1917
3. Poison gas identification kit, 1935–45 – As the
Second World War approached, kits like this were
used to train personnel to recognise the smells of
different gases.
Lent by Wellcome Collection to the Science Museum
Group
Object nos. A163006, A652304, E2004.257.1
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Louis Goodman and Alfred Gilman
American scientists Louis Goodman and Alfred
Gilman trialled nitrogen mustard as a cancer therapy
in the first human volunteer – a patient with
advanced lymphoma, known only by his initials: JD.
While not a cure, the treatment gave JD additional
precious months in more comfort.
Image: National Library of Medicine
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Gas warfare
Mustard gas was first used on 12 July 1917 at the
Third Battle of Ypres. Troops reported a shimmering
cloud around their feet and a strange peppery smell
in the air. Within 24 hours they started to itch
uncontrollably and developed blisters and sores.
Image: Australian War Memorial
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Folic acid tablets
In the mid-1940s the outlook for children and adults
diagnosed with blood cancer was bleak. Sidney
Farber, an American pathologist, studied the role of
folic acid – an essential vitamin that stimulates the
growth of bone marrow. He thought that by blocking
folic acid he could stop the growth of unhealthy bone
marrow. He trialled a new compound to do this called
Aminopterin, on 16 children with leukaemia, with
treatment working for ten of them.
Science Museum Group
Object no. E2021.0270.1
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Sidney Farber (1903 – 1973) pictured with a young
patient, 1960.
Image: National Cancer Institute
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Natalie O’Hara
Chemotherapy outreach nurse, The Christie NHS
Foundation Trust
“I’ve worked as an oncology nurse at The Christie for
almost six years and find it incredibly rewarding.
I’m currently a charge nurse in the SACT (Systemic
Anti Cancer Therapy) outreach team. This service
delivers cancer treatments closer to home for
patients, at other NHS sites and in some hospices
where we run clinics.
There are so many benefits to patients having their
treatment closer to home – shorter journey times,
more continuity with nurses providing their treatment
and a quieter, more comfortable environment in
comparison to a large hospital setting. Its lovely to
develop a rapport with the patients and personalise
their care. Every cancer patient has a different story
and experience and I feel privileged to be a part of
that.”
Image: The Christie NHS Foundation Trust
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Side effects
For people living with cancer, treatment can be harsh
– physically and emotionally. The side effects of
chemotherapy can be short-lived as the body
recovers, while others are felt long term. Cells in our
hair, skin and stomach lining divide quickly, like
cancer cells. They are damaged by chemotherapy
too, causing fatigue, numbness and hair loss.
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Cold cap
Patients are sometimes able to use ‘cold caps’ to
cool their scalps and reduce hair loss. Tight-fitting
caps, filled with cold gel or liquid, narrow the blood
vessels in the scalp. This reduces the amount of
chemotherapy reaching the hair follicles and can
slow the rate that the hair cells divide.
Lent by Paxman Scalp Cooling
Object no. E2021.0105.1
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Sarah
Diagnosed with breast cancer in 2016, aged 45
“My daughter decorated this wig stand. It makes me
smile every time I look at it. It shows how my children
reacted to my diagnosis and treatment – with love,
hope and with positivity. I never actually ended up
wearing a wig more than a couple of times. I felt like
a bit of a fraud with it on. I didn’t know how I’d feel
about losing my hair but shaving it off actually made
me feel empowered. I feel very differently about my
hair now. I used to hide behind it – I don’t do that any
longer.”
Image: Science Museum Photo Studio
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Living with the consequences of cancer
treatment
Ann-Marie has received 24 rounds of chemotherapy
over 34 months to treat the non-Hodgkin’s lymphoma
she is living with. The impact of cancer treatment on
her body and life has been significant. She now
takes around 50 tablets and other medications daily
to manage living with the disease and the side
effects of treatment.
1. All the medications taken by Ann-Marie each
month to manage side-effects including sight loss,
digestion problems, bone density loss, and pain
amongst others.
2. Ann-Marie has documented her experience of
chemotherapy and its side effects – photographs
from left to right show the impact of swelling on her
hand, recovery from a hip replacement following
weakened bones, a split lip as a result of a fall after
sight loss.
Lent by Ann-Marie Wilson
Loan no. L2021-207
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Ann-Marie
Diagnosed with non-Hodgkin’s lymphoma in 2015
“I did a little art therapy in my 30’s following the
death of my parents to cancer. I don’t decide what to
create; the benefit of art therapy (with a therapist, in
a group or on my own) is that it bypasses my
conscious mind and I paint from my subconscious.
Alongside journaling, it allows a creative release of
my difficult to process feelings. Coming back to them
later allows me to move on.”
Image: Science Museum Photo Studio
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Protective mask
Chemotherapy drugs are highly potent poisons,
requiring careful handling by specialist nurses who
wear protective clothing to prevent any accidental
exposure to them.
Lent by The Royal Marsden Hospital NHS Trust
Foundation
Object no. E2021.0106.1
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Portacath drug delivery device
Chemotherapy drugs can be tablets taken at home.
Others need to be pumped or injected into the
bloodstream.
Portacaths are implants in the chest. Made of selfsealing silicone, they enable repeated chemotherapy
injections with less risk of infection. The port is a
small bump under the skin and connects to a vein
near the heart.
Credit: pfm medical
Object no. E2021.0113.1
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Sarah
Diagnosed with breast cancer in 2018, aged 52
“A port like this one sat as a little lump under my skin
on my chest for six months. It meant chemotherapy
and medications could go straight in, saving the
veins in my arm. Having it put in was horrible; there
was no pain, but I felt so vulnerable and
uncomfortable. I’m glad I had it done though as it
made my visits to the ward much easier. It was a
symbol of my changed life. Very pink at first, I soon
got used to it. I still have the scar to remember it by.”
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Keeping life as normal as possible
New technologies are making it easier for people
living with cancer to receive chemotherapy in the
comfort of their own home and while on the move,
keeping life feeling as normal as possible.
1. Computerised Ambulatory Delivery Device – these
pumps can be programmed to release a controlled
amount of drug or fluid into the bloodstream
continuously.
2. Chemotherapy delivery rucksacks, specially
designed to deliver chemotherapy on the move –
they are fitted with an infusion bag containing the
drug connected to a computerised ambulatory
delivery device, the pump that deliver fluids and
drugs to the patient.
Lent by Smiths Medical
Object no. E2021.0104.1, E2021.0104.2
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Sophie
Diagnosed with acute myeloid leukemia in
January 2019, aged 36
“During my cancer treatment, I had to stay in hospital
for around four to five weeks at a time, which means
being woken up throughout the night for observation
checks, daily bloods and having to listen to beeping
machines and other patients’ buzzers going off at all
times of the day and night.
I was very pleased to be informed that, as I was
reacting well to the treatment, I was able to have my
second and third rounds of chemotherapy with the
chemo backpack, as it meant I was able to sleep in
my own bed, eat my own food and spend more time
with my family, which really had a positive impact on
my wellbeing during this strange new world I was
living in.
It has been a tough journey. I have learnt to live with
a different body and I now live day-to-day as I never
quite know how I am going to feel each morning. But
I’ve never given up. Getting treatment by the
backpack is one example of the outstanding care I’ve
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received from day one at The Royal Marsden, which
now feels like a second home.”
Image credit: Royal Marsden Hospital NHS Trust
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Anti-Cancer Therapy day unit soundscape
This soundscape captures the noises and
conversations of chemotherapy & other Systemic
Anti-Cancer Therapy (SACT) treatment delivered
inside the Tameside Macmillan Unit, Ashton-underLyne
With thanks to the SACT Outreach team, Tameside
Macmillan Unit & the Christie NHS Foundation Trust
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Targeted treatments
In the 1990s new drugs able to uniquely target
cancer cells began to revolutionise cancer therapy.
Previously, cancer drugs worked by killing cells in the
process of dividing – both cancer cells and healthy
ones.
Cancer science and treatment entered a new era of
personalised medicine – focused on finding the right
drug for the right tumour in patients at the right time.
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How do targeted treatments work?
Targeted therapies block or turn off the molecular
faults that cause cancer cells to grow and spread.
Drugs can stop cells multiplying, seek out cancer
cells to damage or stimulate the immune system.
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Gleevec: one of the first targeted drugs
Iminatib, known by the brand name Gleevec or
Glivec, was the first targeted drug to transform the
lives of people with chronic myeloid leukaemia, a
form of blood cancer. An American doctor, Brian
Druker, experimented with many compounds to
target and block a fused gene unique to patients with
the disease. The remarkable success of iminatib in
trials in the 1990s spurred on investment in targeted
therapy research. Today, someone with this form of
leukaemia who is disease free after two years of
treatment has the same life expectancy as someone
without cancer.
1. Time magazine, 28 May 2001 – the breakthrough
of imatinib was much celebrated in the media in the
2000s
2. Gleevec – The brand version of the drug iminatib,
made by Novartis, was approved for use in 2001
Science Museum Group, Sandy Craine
Object nos. E2021.0069.186
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Sandy Craine
Patient who took part in Gleevec phase 3 trials
“In January 1999 I was diagnosed with chronic
myeloid leukaemia (CML) in accelerated phase. The
prognosis was that the only possible treatment for
me was a bone marrow transplant, and if a matched
donor could not be found I would have only 12
months to live, as there was no other effective
therapy. The shock of diagnosis and my prognosis
was profound.
Through an internet forum for CML patients I learned
that there was an experimental drug in clinical trial;
however I would have to travel to the USA to access
it. In August 1999 I travelled to Portland, Oregon, to
take part in the trial. It was a risk but one worth
taking. I responded to the drug, which quickly
reduced the level of cancer cells in my marrow to
much lower levels and I was able to return to the UK
to continue treatment. That drug was imatinib
(Gleevec) and it saved my life.”
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Patient support group booklets
In 2000 Sandy founded the UK’s first online chronic
myeloid leukaemia support group to share
information with those newly diagnosed with the
disease. The group created patient information
booklets about the disease and treatment options,
distributed to cancer treatment centres around the
UK.
Lent by Sandy Craine, The CML Support Group
Object nos. E2021.0294.1, E2021.0294.2
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Right patient, right drug
Scientists are developing different tests to identify
which individuals will benefit from particular targeted
therapies.
The Vysis ALK test was created to detect
rearrangements in a gene known as ALK (anaplastic
lymphoma kinase) in the tumours of people living
with non-small-cell lung cancer (NSCLC). The 3 to
5% of individuals that have this change can be
treated with a targeted drug called crizotinib.
1. The Vysis ALK Break Apart FISH Probe Kit makes
gene rearrangements in tumour cells visible using
fluorescent tags
2. Xalkori (crizotinib’s brand name) blocks the activity
of ALK, reducing the growth and spread of the
cancer
Lent by Abbott, Pfizer
Object nos. E2021.0067.1, E2021.0067.2
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Detecting the mutation
The Vysis ALK kit uses ‘FISH’ – a technique where
fluorescent tags identify whether a patient’s tumour
cells contain the specific ALK gene rearrangement.
Image: Abbott

143

Targeting BRCA mutations
In 2014, olaparib was the first of a new class of
targeted drugs, called PARP inhibitors, approved to
treat cancer patients with BRCA gene mutations.
PARPs are proteins that help damaged cells repair
themselves. Researchers found that cancer cells
with BRCA mutations relied on PARPs to keep going.
Blocking PARP activity with olaparib causes cancer
cells to die, as they are unable to repair themselves.
1. Plates showing the impact of olaparib on BRCA
cancer cells
2. PARP showing minimal impact of olaparib on
healthy cells
3. Lynparza (olaparib’s brand name) drug packaging
Donated by the Institute of Cancer Research, London
Object nos. 2020-145, 2020-146, 2020-147
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Chris Lord
Team Leader of the Breast Cancer Now Tony
Robins Research Centre at The Institute of
Cancer Research, London
“It’s been exciting to work on olaparib and develop it
into a drug helping people with this form of cancer
mutation. Precision medicine like this is transforming
treatment for many different cancers. Unfortunately,
as with many other treatments, we discovered over
time some cancer cells can become resistant to
olaparib.
Our next step is to work out how to combine olaparib
with other drugs to keep cancer at bay for longer.
That’s the kind of research we will be carrying out at
the Institute of Cancer Research, London. Our
ultimate aim is to make sure that for each person
diagnosed with cancer, there is a treatment tailored
to their specific type of disease that not only
eradicates their cancer but also prevents it from
coming back.”
Credit: The Institute of Cancer Research, London
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How do you design a new drug?
It takes a lot of experiments, clinical trials, time and
money to design a new cancer therapy. Many
promising treatments fail before they reach a person
living with cancer. The cost of developing new
treatments pushes up the price of the drugs. The
NHS spends more than £2 billion a year on cancer
drugs in the UK. Tough decisions have to be made
about which cancer treatments offer value for money
and who can benefit from them. High-cost
personalised cancer therapies that work for a few
people are adding to this conundrum
1. Bright idea
2. Research
4.5 years and £430 million
Researchers identify a drug target and begin testing
5-10,000 drug molecules
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3. Testing and improving
1 year and £100 million
Thousands of drugs whittled down to 10-20
promising leads
4. Clinical trials – phase 1
1.5 years and 180 million
After thorough lab testing, 5-10 drugs taken forward
to first human trials
5. Clinical trials – phase 2
1.5 years and £210 million
2-5 drugs show promise and are taken forward into
larger trials
6. Clinical trials – phase 3
2.5 years and £180 million
1 or 2 drugs work well enough to be taken into phase
3 trials
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7. Approval process
1.5 years and 50 million
1 drug proven to work better than existing treatment
8. Drug approved for patients
Total cost: around £1,150 million and 12.5 years
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Rethinking clinical trials
Clinical trials usually offer treatments based on the
location of the cancer in the body. ‘Basket trials’ are
a new clinical trial innovation. These trials match
targeted therapies to patients based on the genetic
sequence of their tumour regardless of the type and
location of the cancer they’ve been diagnosed with.
Innovations like this are helping to accelerate the
development of new drugs and reduce the cost of
trials.
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Dr Richard Baird
Basket of Baskets trial UK chief investigator,
University Department of Oncology, Cambridge
“The Basket of Baskets trial (or BoB trial for short) is
looking at whether the ‘molecular fingerprint’ of a
patient’s cancer can be precisely matched to a new
targeted therapy aimed at the specific vulnerabilities
within their cancer cells. The BoB trial is a unique
collaboration between Cambridge and a network of
seven major European cancer centres (Cancer Core
Europe), which have pooled heir expertise in clinical
and laboratory research to treat patients in more
precise ways. In Basket trails like Bob, patients with
different cancers that share a common genetic
mutation are treated with the same drug – even
though their cancers may have arisen in different
tissues.”
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Living with advanced cancer
Many people are living longer with advanced cancer.
This is cancer that has spread or come back after
treatment.
New and combined treatments are helping
individuals to control advanced cancer – sometimes
for many years. Time is precious but living with an
uncertain future can be hard.
Why do some cancers come back? Why do
treatments stop working? Questions like these
continue to motivate cancer researchers to keep
innovating.
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Shadow and Light (2014–2020)
Nudrat Afza
Nudrat Afza, a photographer and full-time carer, has
been documenting her sister Sairah’s experience of
cancer since 2014. This selection of 20 photographs
is part of a larger body of work entitled Shadow and
Light. Sairah was first diagnosed with breast cancer
and is now living with cancer that has returned as
secondary bone cancer. She continues to receive
treatment to control her disease.
“When Sairah was diagnosed with breast cancer in
2014 I accompanied her to a few hospital
appointments and took some pictures. Initially I was
very nervous and emotional about photographing
Sairah. Her illness is very close to me, but my work
is all about documenting life stories, and I wanted
this to be a record for Sairah and her young
daughter.
‘I have since taken photographs throughout her
journey, at different stages of treatment. I wanted to
show Sairah’s resilience, dignity, openness, trust and
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hope. She has dealt with her situation with
tremendous strength, courage and optimism, and an
abundance of love. Sairah continues to think of
others – she’s involved in many local community
projects, she does volunteering and she is
passionate about Bradford.’
Loan no. L2021-221 – L2021-240
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Experiences of the end of life
There are around 450 deaths caused by cancer
every day in the UK. What happens in the last days
of life is different for everyone, and each life lost
elicits strong emotions. The stories shared here
reveal the thoughts and feelings of those who have
lost loved ones, and those of medical professionals
and volunteers who play a vital role in someone’s
last days.
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Craig speaking about the death of his daughter
Kelly
In 2020, Craig’s daughter Kelly had her
chemotherapy treatment for advanced bowel cancer
halted because of the COVID-19 pandemic. Kelly
died 12 weeks later. Craig speaks about Kelly, her
cancer experience, and how COVID-19 impacted her
and her family.
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Patrick
Diary documenting his wife’s final days before
she died from bowel cancer, aged 52
‘It’s not a diary in the traditional sense. It documents
the reality [of] my wife’s final days as I cared for her
at home. It was to give detailed feedback to the
visiting medical professionals, of whom there were
many. It simply lists her eating and sleeping patterns,
her medication, her symptoms (gradually increasing
pain, nausea, etc). It is a very stark, brief account. It
shows the brutal reality of what people are forced to
go through. It now feels like a testament to her and
what she endured in those final, difficult days.’
Courtesy of Patrick McGuire and Family
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Julie speaking about her experience supporting
people living with cancer
Julie trained to become a Macmillan Telephone
Buddy Volunteer to provide a listening ear to people
living with cancer. Over 12 weeks she supported
Minna, who was diagnosed with advancing cancer,
with a weekly phone call. Julie speaks about why her
conversations with Minna were so important.
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Ben
A set of screwdrivers belonging to his father,
who died of cancer aged 73
“When my Dad found his cancer had spread, he
decided to let it take its course, rather than have
treatment. He then went through a process of putting
his affairs in order. The sequence that he did things
in was interesting – mainly to look after Mum
(including installing a stairlift she won’t need to use
for bloody years!), then other stuff like finances, and
giving some things away. Quite close to the end, he
gave me his screwdrivers, the first tools he
purchased when he became a mechanic in 1963.
They were the last thing he gave me.”
Courtesy of Ben Russell and the Russel Family
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Dr Ranjana Srivastava, a cancer doctor, speaking
about what it is like to deliver bad news to
patients
Dr Ranjana Srivastava is an Australian oncologist
and award-winning author and columnist who writes
about her experience working within cancer care.
Ranjana reflects on her experience of
communicating with patients and how she can
prepare for delivering bad news.
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Holly Warren
Palliative care nurse in the Macmillan Palliative
Care Inpatient Unit
“Towards the end of life people often become less
interested in eating and drinking. They can become
very weak and unable to swallow. If the patient’s
mouth becomes dry, to keep them comfortable we
can moisten it using these sponges. Family members
sometimes like to help with this. It is a real privilege
to look after patients at this vulnerable and sensitive
time. It is challenging and emotionally demanding,
but also very rewarding.”
Courtesy of Holly Warren
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New horizons in cancer
research
There are still major questions to answer to help
more people with cancer live better and longer. Why
do treatments stop working? Why does cancer come
back?
But now a big idea is beginning to revolutionise what
we know about this disease: cancer evolves.
Treating cancer as a disease that is constantly
changing is transforming cancer science and
treatment. The latest genetic, imaging and big data
technologies are tracking how tumours develop,
change over time and evolve in response to
treatment, down to the detail of individual cancer
cells.
Tackling how cancer evolves is fuelling the design of
new treatments that can now help patients to stay
one step ahead of the disease.
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Tumour installation key
This sculpture represents a tumour, showing the
many different types of cells that typically make up a
tumour. This is known as the tumour
microenvironment. Researchers are studying all
these cells and more to find ways to find ways to
prevent tumour growth.
In a tumour there are clusters of cancer cells.
There are structural cells called fibroblasts that help
cancer cells to grow and shape the extracellular
matrix.
Extracellular matrix is a sticky protein glue that acts
as a scaffold to support all the cells in the tumour.
Vasculature cells make up the blood vessels. Cancer
cells release signals for blood vessels to grow to
supply them with oxygen and nutrients.
The tumour contains different immune cells:
macrophages. T-cells and neutrophils among many
others. Immune cells play a key role in killing cancer
cells, but sometimes cancer cells can ‘hide’ from
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immune cells, or even recruit them to help the cancer
cells grow and spread.
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Supporting cells
Tumours are not just cancer cells. This sculpture
shows the many different types of cell that typically
make-up a tumour.
Cancer cells inside tumours need the help of other
healthy cells to survive. Cells that make blood
vessels bring oxygen and nutrients to cancer cells.
Other cells, called fibroblasts, give structural support.
Immune cells are found in the tumour too.
Scientists are studying how cancer cells co-opt
healthy cells to help them grow and survive.
Targeting these supporting cells is opening up new
treatments for cancer.
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Tumour microenvironment
This sculpture represents a tumour, showing the
many different types of cells that typically make up a
tumour. This is known as the tumour
microenvironment.
Scientists are studying the genetic differences
between cancer cells within the tumour
microenvironment, to understand how groups of cells
have grown and changed over time. This information
is helping scientists understand how fast growing an
individual’s cancer may be, or whether they are more
likely to benefit from or become resistant to certain
cancer therapies.
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How to build a tumour
“We are building mini-tumours that grow like human
cancers.”
Professor Fran Balkwill
CanBuild Project, Barts Cancer Institute, Queen Mary
University of London

Tumours are like ‘rogue’ tissues which recruit many
types of cells to help cancer cells grow and spread.
Fran Balkwill and the CanBuild team of scientists are
engineering mini tumours that realistically grow and
change like human cancers. They want to improve
how new treatments are tested and to look for new
therapies that target the range of cells that support
tumour growth.
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A section of ovarian cancer
The CanBuild team want to re-create the tumour of a
type of ovarian cancer that leads to 70% of all
ovarian cancer deaths.
Image: CanBuild project
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Picturing the make-up of tumours
This time-lapse footage shows a small section of a
patient’s ovarian tumour kept alive in the laboratory
for 30 minutes. The immune cells, in pink, have
difficulty reaching the cancer cells, shown in green,
so they cannot kill them. In blue is the extracellular
matrix which acts as a scaffold supporting the cells in
the tumour.
Video: Dr Florian Laforets, Queen Mary University of
London
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Cell Scaffold
CanBuild researchers started by breaking down
samples of ovarian tumours into their constituent
parts, to study each component individually. This led
them to a ‘parts list’, allowing them to start building
artificial tumours in the lab. When all the cells are
removed from tumour tissue, what remains is the cell
scaffold called the extracellular matrix.
This sample of tumour cell scaffold is used to study
how it can act as a barrier to cancer therapies
working effectively.
Lent by Dr Oliver Pearce and Elliott Puttock, Queen Mary
University of London
Object no. E2021.0293.1
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Building tumours
The CanBuild scientists have engineered mini
tumours made up of five different types of cells found
in ovarian tumours. These living models have been
designed to grow and evolve as human ovarian
cancer does.
They have developed organ-on-a-chip models to
study how these mini tumours grow blood vessels.
Each chip, made of clear flexible plastic, contains a
central well to hold the mini tumour, and features tiny
hollow channels to allow each mini tumour to grow
blood vessels.
1. Mini tumours called penta-cultures, engineered to
include ovarian cancer cells, immune cells, fat cells,
mesothelial (lining) cells and also fibroblasts that
help give structure to the tumour.
2. Microfluidic ‘organ-on-a-chip’ engineered to mimic
the physical environment of living tumours and trial
new therapies.
Lent by Dr Bea Malacrida, Joash Joy and Professor Julien
Gautrot, Queen Mary University of London
Object nos. E2021.0293.2, E2021.0293.3
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Dr Beatrice Malacrida
Postdoctoral Research Assistant
“I enjoyed science at school and when some family
members were diagnosed with cancer, I decided on
a career in cancer research. I build ‘mini-tumours’ in
the lab using cells from patient samples in order to
understand more about the tumour
microenvironment and test new cancer treatments”,

Joash Joy
PhD student
“I build ‘mini-tumours’ in the lab and then use
microfluidic devices to supply them with vessels that
have a fluid flow similar to the blood flow in our body.
Through these blood vessels I hope to deliver novel
therapies including immune cells genetically
engineered to kill cancer cells.”
Image: Dr Beatrice Malacrida & Joash Joy, Queen Mary
University of London
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Creating virtual reality maps of
tumours
“We’re using virtual reality to create a new way to
see and study cancer in more detail than ever
before.”
Professor Greg Hannon
Group leader, Cancer Grand Challenges IMAXT team,
Cancer Research UK Cambridge Institute

Biologists, data scientists and video game designers
are creating a new way to study cancer: the first
virtual reality maps that show every type of cell and
its activity within a tumour. Detailed images of
tumours combined with genetic sequencing data are
transformed into 3D maps that can be explored
within a virtual reality lab. The IMAXT team hope to
change how cancer is classified, treated and
managed, giving more people a better chance of
survival.
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How we may view cancer in the future
Dario Bressan, scientist, and Owen Harris, virtual
reality lead, describe how and why the Cancer Grand
Challenges IMAXT team are building virtual reality
tumours explored in a virtual reality lab.
Duration: 3 minutes
With thanks to the IMAXT team at Cancer Research UK
Cambridge Institute. IMAXT is a Cancer Grand Challenges
funded project.
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How IMAXT is building virtual reality tumours
1. The team take detailed pictures of a tumour
2. Wafer thin slices are cut from the tumour
3. The slices are deeply analysed, right down to their
genetic information
4. The information is processed and the tumour
rebuilt in virtual reality
5. Multiple users wearing 3D virtual reality headsets
can simultaneously step into the tumour, and view
and analyse it.
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Tracking signs of cancer evolution in
blood
“Tracking how and when a patient’s cancer is
becoming resistant to treatment from a small volume
of blood is game-changing.”
Professor Caroline Dive
Principal scientific investigator, TRACERx, Cancer
Research UK Manchester Institute

Caroline Dive and her team are developing tests
called ‘liquid biopsies’ to hunt cancer cells that have
broken free from tumours and are circulating in the
blood. They look for these circulating tumour cells to
understand how lung cancer changes as it grows
and to predict who might experience cancer coming
back, after their tumour has been removed by
surgery.
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DEPArray cartridge for isolating and analysing
single cells
Caroline’s team uses a machine called a DEPArray
to separate out individual tumour cells from blood
samples. Cells are placed into DEPArray cartridges
and the machine uses mini electric fields to move
single selected cells one by one. Each individual
cancer cell has its genetic make-up analysed to
reveal how the cancer is changing.
Lent by Cancer Research UK Manchester Institute
Object no. E2021.0273.2
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CellTracks magnetic cartridge
Circulating tumour cells have broken away from a
tumour and get into the bloodstream. They are often
bigger and stiffer than blood cells. Caroline’s team
use a CellTracks machine to catch cancer cells.
They add microscopic metallic beads that attach only
to molecules on cancer cells. The machine then uses
this magnetic cartridge to fish them out.
In 1 millilitre of patient blood, Caroline’s team are
looking for as few as 200 circulating tumour cells
among 5 billion red blood cells.
Lent by Cancer Research UK Manchester Institute
Object no E2021.0273.1
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Blood sample tube
Blood samples could be a simpler and kinder option
to monitor how a patient’s cancer may be changing
over time, compared with having tumour samples
removed by repeated surgeries. The challenge for
researchers is to detects signs of cancer from the
small amounts of blood collected (about 2
tablespoonsful). It’s a bit like looking for a needle in a
haystack.
Lent by Cancer Research UK Manchester Institute
Object no E2021.0269.12
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Circulating tumour DNA
Along with circulating tumour cells, TRACERx
researchers are also looking for small pieces of DNA
that dying cancer cells release into the bloodstream.
They have found evidence suggesting that cancer
cell DNA being present in an individual’s blood
before their first surgical treatment means that their
cancer would probably return. The challenge is to
plan their treatment ahead of the cancer returning.
Image: Dr Jeroen Claus, Phospho Biomedical Animation
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Detecting causes of tumour evolution
TRACERx scientists have found that repeated
deletions and duplications of chromosomes in lung
tumour cells drive thr growth and change of tumours
over time. This information is helping participants in
the study by predicting which patients will benefit
from particular treatments.
Image: Dr Jeroen Claus, Phospho Biomedical Animation
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Eileen
Retired art teacher and TRACERx participant, 79
“Early in 2016 I was told that I had lung cancer. I
received a variety of treatments, delivered with skill
and compassion. The accompanying care and
kindness were overwhelming.
Despite untiring support from family and friends,
sudden dependency on others proved challenging.
Becoming a TRACERx patient was a great help;
knowing that my illness could be put to use was
pleasing.
I was privileged to trial an immunotherapy drug,
which I believe was the key to my recovery. Without
scientific research this would not have existed.”
Image: Eileen Rapley
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Tracking cancer evolution in patients
in real time
“No research team has ever looked at lung cancer in
this sort of detail before.”
Professor Charles Swanton
Chief investigator TRACERx study (Tracking Cancer
Evolution Through Therapy (Rx)), The Francis Crick
Institute, Chief Clinician at Cancer Research UK

Scientists are tracking how lung tumours change
over time in individuals, to find out why some
cancers are more likely to return, spread and
become resistant to treatment. Charles Swanton and
the TRACERx scientists are using the latest genetic
mapping technologies to follow what happens to
patients from their diagnosis and throughout their
treatment journey.
Studying the evolution of each individual’s cancer at
this level of detail is helping to identify which patients
may benefit from new therapies, and predict which
individuals are most likely to see their disease return.
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These advances are helping to identify cancer
therapies for those patients at highest risk of relapse
to try to prevent the cancer returning.
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Lung cancer cells imaged by electron
microscopy
Lung cancer is the leading cause of cancer-related
death in the UK and around the world. TRACERx is
following 840 patients with the most common form of
the disease, called non-small-cell lung cancer
(NSCLC). The researchers are tackling this disease
as it is often diagnosed late and can rapidly become
resistant to treatment.
Image: Anne Weston, Francis Crick Institute (CC BY-NC
4.0)
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Tracking tumour evolution
When a participant’s lung tumour is first removed
TRACERx scientists take multiple tissue samples
from different regions of it. The samples are then
sent for genetic analysis. This information is used to
create the tumour’s evolutionary history – a family
tree showing how the DNA of different cancer cells
have changed over time to make up the tumour.
If an individual’s cancer returns, this data is
compared to see how the disease is changing in
response to treatment and understand tumour
growth.
1. Biopsy needle used to sample multiple regions of
tumour tissue. Ordinarily only a single biopsy is used
to diagnose and characterise the disease.
2. Ilumina sequencing chips used to identify and
compare genetic differences between groups of
cancer cells that make up the tumour.
3. Tumour ‘family tree’ model depicting the evolution
of groups of closely-related cancer cells.
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By grouping and comparing the evolutionary
journeys of cancers, scientists can try to predict
which individuals’ disease is likely to return and who
may benefit most from therapies.
Lent by Charlie Swanton, TRACERx study
Object no. E2021.0268.9, E2021.0283.1, E2021.0269.1
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CT scan of lungs
Each participant has an operation to remove the
tumour. Some receive chemotherapy or radiotherapy.
Every year, for five years, they have a CT scan to
check for signs of whether their cancer has returned.
Image: Yok_onepiece/SHUTTERSTOCK
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Tracking how cancer changes to the
end of life
“There is so much about how and why a patient dies
of cancer that we don’t know.”
Mariam Jamal-Hanjani
Chief Investigator PEACE study (Posthumous Evaluation
of Advanced Cancer Environment), University College
London

Revealing how cancer kills
People living with incurable cancer are donating their
bodies for research after they die. Scientists can
then learn more about why cancer spreads and how
advanced cancer kills. Mariam Jamal-Hanjani and
her team in the PEACE study carry out research
autopsies. By looking for patterns in how cancer
develops, spreads and changes over time they hope
to explain why treatments stop working and how
patients eventually die from their disease to find
ways to help more people diagnosed with advanced
cancer in future.
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Dissection and preparation of samples at the
PEACE pathologist’s work station.
Image: Sebastian Nevols
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PEACE patient consent form
Mariam and her team have the difficult job of asking
people for their consent to be studied after death.
The first person Mariam recruited was 19 years old.
“That conversation really stayed with me. She was
so bright, so interested in what we were doing. She
taught me that there are patients out there who want
to selflessly help research, because they know this
might help other patients benefit in the future.”
Lent by Peace Study
Object no. E2021.0268.1
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Autopsy and sampling tools
The tissue samples collected at autopsy are
important because they show the research team how
cancer has progressed in the environment of an
individual’s body. Dissected samples are preserved
and frozen. Later they are prepared for DNA
sequencing to reveal the genetic profile of each
sample. To date the project has completed more than
100 autopsies.
1. Record of tissue collected during autopsy
2. Disposable scalpels and forceps used for
dissection
3. Punch biopsy tool for extracting small amounts of
tissue
4. Weigh boat used to contain and weigh a tissue
sample
5. Flags used to mark sites for sampling on organs
6. Cryo-vials for freezing samples and formalin pots,
a chemical used to preserve tissue samples
Lent by Peace Study
Object nos. E2021.0268.2 to E2021.0268.11
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Brain with regions marked for sampling
During the autopsy, researchers look for signs of
cancer that has spread to different organs. Markers
are used to indicate sites for sampling. They also
collect healthy tissue for comparison.
Image: Peace Study
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New findings
PEACE researchers compare the genetic make-up of
each participant’s cancer. They hope to find ways to
predict how cancer will progress and find new
treatments to prevent or delay advanced cancer in
future patients.
The study is revealing new findings, such as the
surprising variation in the amount of cancer cells
found within different participants’ bodies at death.
After autopsy, samples are prepared for DNA
sequencing in the Advanced Sequencing Lab at the
Francis Crick Institute in London.
Image: Sebastian Nevols
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Eileen
Retired art teacher and TRACERx participant, 79
“An article in a newspaper made me aware of the
PEACE programme. After being part of the
TRACERx study, it seemed a natural progression to
join the PEACE study.
Although it’s a difficult subject to address, I do feel
that many patients would be happy to participate if
there was greater dialogue. Signing up for the project
was carried out sensitively. I was made fully aware of
the commitments and implications.
The PEACE study gives me the opportunity to
continue supporting important research into cancer.
New, less invasive, solutions are being discovered.
The development of kinder treatments should lessen
the fear of the disease.”
Image: Eileen Rapley
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Cristina Naceur-Lombardelli
PEACE laboratory manager
“I have worked in cancer research for 20 years now
and I can honestly say that nothing has been as
rewarding as working on the PEACE study. I am
responsible for coordinating all aspects of the study
as part of a highly motivated and dedicated team.
From consenting patients in life, to leasing with
family members when they sadly pass away, to
arranging and attending the research autopsy, to
collecting and processing tissue and fluid samples
and, finally, to extracting DNA and RNA which will
then be used in genetic analysis. I truly believe the
PEACE study will make invaluable contributions to
our future understanding of cancer.”
Image: Christina Naceur-Lombardelli, UCLH
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Outsmarting cancer evolution
Overcoming how cancer changes, spreads and
becomes resistant to treatment is pushing scientists
to radically rethink cancer therapies. Some are using
maths and models to predict cancer’s next move and
personalise treatments that anticipate the disease.
Others are designing new drugs try to slow how
cancer changes and acquires abilities to resist
treatment. Retraining our immune system to better
recognise cancer is also creating new hope for some
patients.
Some of these therapies we may see in the future,
others are saving lives today. While these
approaches will not mark the end for cancer, they are
creating genuine hope for living longer, better with
and beyond the disease.
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Engineering viruses to kill cancer
‘Using viruses engineered to alert a patient’s own
immune system to cancer is giving really exciting
results.’
Professor Kevin Harrington
Professor of biological cancer therapies, Royal Marsden
Hospital and Institute of Cancer Research, London
Consultant in clinical oncology, The Royal Marsden
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Engineering viruses to kill cancer
Researchers are engineering viruses to infect cancer
cells, multiply inside them and burst them. Kevin
Harrington is running trials of viral immunotherapy for
advanced skin cancer. T-VEC is a treatment based
on a modified form of the cold sore virus (Herpes
simplex). The treatment also stimulates the immune
system to recognise and kill cancer cells.
1. 3D printed Herpes simplex virus that causes cold
sores
2. T VEC packaging. T-VEC is injected directly into
tumours.
Lent by 3D LifePrints, Institute of Cancer Research
Object nos. E2021.0261.1, E2021.0103.6
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Treating a patient’s tumour with T-VEC
T-VEC modified virus treatment has worked
powerfully for some patients – their tumours have
shrunk over weeks. Viral immunotherapy, with other
treatments, has made them cancer free five years
later.
1. T-VEC is injected directly into the tumour
2. After several weeks of treatment the tumours
visibly shrink.
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Krzysztof
Treated with T-VEC for cancer of the neck
“I received experimental virus treatment for cancer
that had come back after surgery, radiotherapy,
chemotherapy and hormone treatment – none of
which had worked. After a series of direct injections
into the cancer in my neck, all the disease had gone.
I feel absolutely fine now and live a normal life.”
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Trialling cell therapies to treat solid
tumours
“We are now running experimental trials of cell
therapies in solid tumours for the first time.”
Professor Fiona Thistlethwaite
Consultant Medical Oncologist, Experimental Cancer
Medicines Team, The Christie Hospital, Manchester

Genetically engineered T cells are now being trialled
in patients with solid tumours.
“This is a complex clinical trial, but it’s fantastic to be
able to deliver this treatment even during COVID-19.
This trial is focusing on patients with synovial
sarcoma, a rare type of cancer that develops in cells
around joints and tendons. Currently there’s a lack of
therapy options. This new innovative approach
opens the door to developing treatments for other
solid-tumour cancers in the future.”
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Apheresis machine
This machine is used to collect a patient’s T cells. It
is connected via a tube to a vein in each arm. The
machine collects the immune cells, while circulating
the rest of the blood cells and fluid back into the
body. The process can take three to five hours. The
T cells are then sent to a laboratory for gene editing.
Donated by The Christie NHS Foundation Trust
Object no. E2021.0266.1
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Retraining our immune system to
detect cancer
“Innovative new cell therapies that retrain a patient’s
immune system to recognise cancer have brought
new hope to patients with some forms of blood
cancers.”
Professor Amit Patel
Lead for Cellular & CAR-T Therapies, The Christie
Hospital, Manchester

Patients’ immune cells are being collected, retrained
with gene editing to target cancer and returned to
treat their disease, in a new form of cellular
immunotherapy treatment called CAR T cell therapy.
Since 2019, Professor Amit Patel’s team at The
Christie Hospital, Manchester, have been treating
patients with forms of blood cancer with this
personalised form of immunotherapy. This
revolutionary treatment is saving lives, but it can be a
gruelling experience for the individual. Engineering
cells on a patient-by-patient basis is expensive and
difficult.
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Training T cells
CAR T cell therapy involves lots of steps over many
weeks. The T cells are removed from a person’s
blood and sent to a laboratory in the United States
for gene editing. The cells are modified to produce
CARs, the receptors which help the cells to
recognise and kill cancer cells. During this time
patients have chemotherapy and radiotherapy to
create space in their immune system for the CAR T
cells to grow. The CAR T cells are frozen and
returned to the hospital, where they are thawed out
and infused to the patient. Patients are closely
monitored for weeks after.
1. Transport tub used to send T cells to the Novartis
lab for engineering
2. Grant SUB Aqua 5 water-bath used to thaw the
CAR T cells returned from the lab
3. CAR T cell preparation infused to patients
Donated by The Christie NHS Foundation Trust
Object nos. E2021.0266.2
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What are CAR T cells?
T cells are immune cells that target infection, but
they can struggle to tell the difference between
cancer cells and healthy cells. When genetically
engineered in a laboratory, patients’ T cells are given
a receptor called a CAR (chimeric antigen receptor).
CARs are designed to recognise molecules called
antigens on the surface of cancer cells, helping
these immune cells to kill cancer cells.
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Rita Angelica, Lead Nurse for Apheresis and
Cellular/CAR-T Therapies, The Christie Hospital,
Manchester
Cell separators are important in the delivery of new
cellular therapies like CAR-T, and in the collection of
lifesaving stem cells for transplant.
As a nurse specialist in Cellular Therapies I ensure
that collection procedures are carried out safely and
efficiently. I co-ordinate what is a very complex
treatment process, bringing all the CAR-T treatment
steps together in a structured way, whist trying to
ensure that patients are fully supported, informed
and prepared, emotionally and physically for what
lies ahead of them.
Image: Science Museum Photo Studio
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Mark, 63, diagnosed with non-Hodgkin
lymphoma, a form of blood cancer, in 2019.
Mark became the ninth person at The Christie
Hospital, Manchester to be treated with CAR-T cell
therapy.
“In Autumn 2018, I was ‘slowing down’, literally. My
wife persuaded me to visit our local Medical Practice,
the first time in 40 years. Tests and eventually a spell
in hospital revealed a diffuse large B cell nonHodgkin lymphoma, at stage IV B. The usual firstline ‘chemo’ and second-line ‘salvage’ therapies
were unsuccessful at halting the disease
progression. Before the advent of CAR T-cell
therapy, the median survival with this condition used
to be 1 year. 18 months on - I remain in full
remission. My wife - Diane and I, and my children
Christian, Jahan and Hannah are relieved, delighted
and filled with gratitude for the care and compassion
shown by all the medical and support staff on my
therapeutic journey (The Salford and The Christie’s
Haematology depts.), and for the scientific wisdom,
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research and NHS funding that has allowed CAR Tcell therapy to become a valuable treatment.”
Image credit: Mark Hunter
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Sarah, 38, diagnosed with a rare cancer in her
right knee in 2014.
Sarah was the first patient recruited to a clinical trial
investigating using T-cells to treat patients with solid
tumours.
“It was tough going, and it was touch and go at
times, but as a family we all remained positive. In a
situation like this anything is worth a try and I didn’t
think twice about taking part in this trial. I would
encourage anyone to sign up for a clinical trial if it’s
an option for them. It can hopefully help us and
future generations. I can’t thank The Christie staff
enough who have been amazing, particularly during
the COVID-19 pandemic.”
Image credit: The Christie NHS Foundation Trust
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Kelly Watts, Advanced Therapy Research Nurse
Specialist at the Royal Manchester Children’s
Hospital
By the time children are eligible for CAR-T treatment
they have already gone through gruelling treatments
such as chemotherapy and bone marrow transplants.
News of another relapse is devastating for families,
but CAR-T treatment offers hope to families. My role
is to work with families and be their advocate in the
multidisciplinary team to plan and co-ordinate all
aspects of the CAR-T journey. This includes
planning the admission for both apheresis and cell
infusion, liaising with referring centres and keeping
families updated about their treatment. I ensure
children and families are supported emotionally
during this difficult time. My role helps improve
patients’ expectations and experiences.
Image credit: Science Museum Group
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Designing anti-evolution drugs
“We’re designing therapies that target cancer
evolution itself. These treatments focus on
preventing drug resistance arising in the first place.”
Dr. Olivia Rossanese
Cancer biologist and drug discovery specialist, Institute of
Cancer Research, London

Olivia Rossanese and researchers at the Institute of
Cancer Research are taking a new approach to
designing anticancer drugs. They are developing
drugs that slow down how cancer cells change over
time, to delay their ability to become drug resistant.
Proteins called APOBECs drive processes causing
cancer cells to evolve. Drugs to block these proteins,
alongside existing therapies, could help people living
with cancer respond to treatment for longer.
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Why target APOBECs?
APOBEC proteins help our cells fight infection from
viruses by damaging their DNA. But they can also
mutate the DNA of cancer cells so that they escape
the body’s immune response and resist drugs.
Olivia’s team are studying APOBEC3B, found in
many cancers. Tumours with high levels of
APOBEC3B are very likely to become drug resistant.
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Finding the right drug
Olivia’s team is testing over 200,000 compounds to
find chemicals that stop APOBEC3B. For a drug to
work, it must be a good fit with the target, like two
pieces of a puzzle, or a lock and a key. It takes many
years of research to turn a promising compound into
a drug that will work effectively in the human body.
1. Matrix tube. The Institute of Cancer Research’s
vast drug library is composed of thousands of these
tubes, each containing a separate chemical to test.
2. 384 source plate. A different compound is
dispensed into each well to be screened for its effect
on APOBEC3B.
3. Tempest liquid dispenser by Formulatrix. This
dispenses the test chemicals that show whether a
compound is blocking APOBEC3B or not.
Lent by Formulatrix, Institute of Cancer Research
Object nos. E2021.0261.2, E2021.0261.3, E2021.0301.1
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Computer-generated image of APOBEC3B’s
structure
To design an effective drug, the team map the
structure and surface of the APOBEC3B molecule to
look for a promising target – a site on the protein
molecule where a drug might bind to it and stop its
function. The red sphere shown depicts part of the
APOBEC3B molecule able to mutate DNA – a useful
site for a cancer drug to target.
Image: Institute of Cancer Research, London
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Daniela Dolciami
Chemoinformatics Officer, Institute of Cancer
Research, London
“Instead of creating and testing potential drug
molecules in the lab, we are now able to use
computer-aided drug design to generate and screen
drug molecules using computers.”
The number of potential drug-like molecules is so
vast that it’s only impossible to synthesise them all,
but it’s also impossible to test them all using
computer simulations. In fact, it’s probably even
impossible to think of all the potential drug-like
molecules we could possibly generate.
Here at the Institute of Cancer Research, London,
we use computational resource to design and scan
through thousands, or even millions, of molecules to
focus on those that could be potential drugs –
drastically speeding up the process of drug discovery
and making it much more efficient.”
Credit: Institute of Cancer Research, London
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Sam Hutchinson
Postdoctoral Training Fellow and drug designer,
Institute of Cancer Research
“Designing new cancer drugs today takes a mind
shift – we assume resistance will develop from the
start. "When we begin the search for a new drug
what we look for is a molecule that will bind to the
target and affect its action. We test a large number of
molecules to see if they bind to the target. These act
as a starting point for drug discovery, and together
they make up what we call a library.
For a drug molecule and the target to bind to each
other, they need to fit together, like two pieces of a
puzzle, or a lock and a key. Not only do we have to
find compounds that block the protein but we have to
test the hypothesis that blocking these proteins stops
cancer cells changing and becoming more diverse –
and will in fact delay drug resistance.”
Image: Sam Hutchinson
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Predicting cancer’s next move
‘If we can predict how a tumour will evolve, we can
plan treatments to stay one step ahead.’
Professor Andrea Sottoriva
Computational scientist, Institute of Cancer Research,
London

Can we predict cancer’s next move?
Predicting how and when a patient’s cancer may
become therapy resistant is helping researchers
explore new treatment approaches that may help
patients live longer and better with cancer in future.
Andrea Sottoriva and his team at the Institute of
Cancer Research are using vast data sets, the latest
DNA sequencing technology and powerful computing
techniques to forecast how cancers change over
time. They use artificial intelligence to look for
complex patterns in the data. This could help to
pinpoint when and which treatments to use to stay
ahead of the disease.
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Predicting the evolution of cancer, one patient at
a time
Andrea Sottoriva and his team are studying how
different patients’ cancers change over time. Using
artificial intelligence to pick out repeating patterns in
the data, they are aiming to create tools to predict
how a cancer will change next.
Duration: 2 mins
With thanks to the Institute of Cancer Research
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Controlling cancer
How cancer evolves is predictable, but complicated.
Andrea and his team hope to harness this
predictability to treat cancer. His team have created
REVOLVER (Repeated Evolution of Cancer), a
computer technique able to identify patterns in DNA
data to try to forecast future changes in patients’
cancers.
In the laboratory, they are trialling an approach called
‘evolutionary steering’ in lung cancer cells, where
they apply certain cancer drugs in sequence. This
controls how cancer changes over time, delays the
onset of drug resistance and over time seeks to
eliminate the cancer.
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10x Genomics Chromium Controller
Andrea’s team is using the latest sequencing
technologies to study the differences between
individual cancer cells. The Chromium Controller can
separate up to 10,000 single cells in one experiment
to make them ready for genetic analysis, using small
amounts of fluid to separate and barcode each cell.
Studying the differences between cancer cells at the
single-cell level generates a vast amount of data.
Andrea uses his skills as a computational scientist to
look for patterns that forecast what a cancer may do
next.
Lent by 10x Genomics
Object no. E2021.0259.1
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Controlling cancer by making it
compete with itself
‘Evolution is cleverer than we are. I take that to
heart.’
Dr. Robert Gatenby
Co-Director, Center of Excellence for Evolutionary
Therapy, Moffitt Cancer Center, Tampa, FL, USA

Robert Gatenby and his team are trialling a novel
treatment strategy to try to extend the lives of men
living with advanced prostate cancer. Adaptive
therapy aims to keep the size and cellular make-up
of tumours stable, to stop drug-resistant cells taking
over. In clinical trials they are using evolutionary
mathematics and frequent monitoring to plan and
adjust each patient’s therapy in response to how
their cancer is changing, to try to help men live
longer and better with the disease.
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How does adaptive therapy work?
Adaptive therapy aims to help patients live longer by
delaying, even stopping, cancers evolving drug
resistance. Each therapy schedule is personalised to
the person living with cancer – when to give
chemotherapy and when to withhold it. Mathematical
models predict how cancer is likely to respond to
treatment each time it is given. Even though the
cancer will not disappear, the aim is to reduce the
chance of drug resistance developing.
In traditional therapy most tumour cells are killed.
This can leave a small number of cells resistant to
treatment that can grow back.
In adaptive therapy smaller doses of anti-cancer
drugs stabilise the makeup of the tumour, keeping
drug resistant cells under control.
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Cancer maths
Robert Gatenby, Alexander Anderson and colleagues
were filmed at the Moffitt Cancer Center’s
‘collaboratorium’ using mathematical models to study
how cancer and drug resistance evolves.
Duration: 2 mins
With thanks to the Center of Excellence for Evolutionary
Therapy at the Moffitt Cancer Center
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Alexander Anderson
Mathematical oncologist, Moffitt Cancer Centre
“My work combines mathematical models with
experimental and clinical data to better understand
cancer growth and evolution, and translates this
understanding into novel therapies to benefit
patients. Like the weather, tumours are complex,
ever-changing systems shaped by a variety of
forces. But we can use mathematical equations to
model cancer growth and predict its future
development, including how tumours respond to any
of the multitude of treatments that physicians can
choose to prescribe.
We can simulate hundreds of thousands of different
treatments and combinations by plugging them into
these equations to predict their effect on a patient’s
cancer, without ever touching the patient. The best
results from these models then inform which
treatments to use and how to combine them to better
control that specific patient’s cancer. “
Image credit: Moffitt Cancer Centre
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Robert Butler
Diagnosed with prostate cancer aged 64,
adaptive therapy trial patient
“I was diagnosed with aggressive prostate cancer in
2008 and received radiation followed by hormone
therapy. Abiraterone was started in 2015 after my cancer
progressed to stage IV and became resistant to hormone
shots.
At the Moffitt Cancer Center, I was enrolled in the
Adaptive Therapy trial. In this trial, abiraterone was given
in bursts of treatment rather than continuously, the
length and period of the bursts depended on the
measured PSA. Treatment stopped during periods of
falling PSA and restarted when PSA started rising again.
My thinking was that if you only apply the drug
intermittently then you discourage the cancer cells from
marshalling their defences against the drug. And so it
proved. My cancer was controlled with the adaptive
therapy approach for nearly 4 years. I sometimes went
many months without receiving the drug, and I
experienced no noticeable side effects.”
Image credit: Moffitt Cancer Centre
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Detecting cancer earlier
Diagnosing cancer earlier
Diagnosing cancer at an early stage, when it isn’t too
large and hasn’t spread, means it is more likely to be
treated successfully. Along with advances in
treatments, new detection technologies are proving
crucial in making a difference for more individuals to
survive and live cancer free.
Faster, kinder and more accurate tests are part of
the solution, alongside targeted cancer screening
services and a wider awareness of early signs and
symptoms.
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Reinventing tests for cancer
Reinventing tests for prostate cancer
New nanotechnology techniques are being used to
design more reliable tests for prostate cancer. The
surfaces of these gold ‘chips’ have been nanoengineered with molecular holes that fit perfectly
onto sugars, called glycans, on cancer proteins
found in blood. Developed by Professor Paula
Mendes and her team at the University of
Birmingham, this technology can distinguish with
pinpoint accuracy between sugars associated with
fast-growing cancers and those which may not grow
enough to cause harm or require treatment. In future
nanoparticle tests could be used to detect other
cancers too.
Image: University of Birmingham
Object no. E2021.0292.1
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The Galleri test
The NHS is trialling a test that can detect over 50
cancers from one blood sample, by identifying tiny
molecular changes in DNA found in the blood. The
trial will investigate whether the Galleri test can help
find cancers at earlier stages and speed up
diagnosis in the NHS. If it proves effective, it could
be a game changer for early cancer detection and be
rolled out to one million people in the UK across
2024 and 2025.
Lent by Grail
Object no. E2021.0267.1
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Sir Harpal Kumar
President, Grail Europe
“Despite significant advances in oncology, over a
thousand people are newly diagnosed with cancer
every day in the UK. Early detection – particularly for
cancers that lack any recommended screenings like
liver and pancreatic cancer – has the potential to
save many lives. The Galleri multi-cancer early
detection blood test could therefore be a gamechanger in cancer care, potentially helping many
more people to get diagnosed earlier when treatment
is more likely to be successful.”
Image: Grail

229

Detecting lung cancer earlier in the
community
Dr Phillip Crosbie
Senior lecturer, Infection, immunity and respiratory
medicine, Manchester University NHS Foundation Trust

Manchester’s Lung Health Check programme takes
mobile CT scanners to those most at risk from lung
cancer. Dr Philip Crosbie and colleagues found one
cancer case for every 23 people screened. This
pioneering scheme by Manchester University NHS
Foundation Trust, and supported by the NIHR
Manchester Biomedical Research Centre, shows that
better cancer detection is as much about identifying
and testing high-risk individuals as innovations in
technology. Targeted lung health checks are now
being trialled across England.
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Lung health check participant
During the initial trial in Manchester between 2016
and 2018, more than 2,500 people took breath tests
and answered health questionnaires. About half of
these were offered an immediate CT scan, and 61
cases of cancer were discovered.
Image: Manchester University NHS Foundation Trust,
NIHR Manchester, The University of Manchester
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Mobile CT scanner
Communities across Manchester received visits from
vans carrying low-dose CT scanners. People aged
55-74 with a history of smoking were invited by their
GP for a free lung health check.
Image: Manchester University NHS Foundation Trust,
NIHR Manchester, The University of Manchester
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Patient about to have a CT scan for lung cancer
The CT scans led to 61 cases of cancer being
detected. Eighty per cent of these were at stages 1
and 2, when the disease can be more easily treated.
Image: Manchester University NHS Foundation Trust,
NIHR Manchester, The University of Manchester
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Dr Philip Crosbie
Honorary Consultant in Respiratory Medicine,
Manchester University NHS Foundation Trust,
Early Detection Programme Co-Lead, NIHR
Manchester BRC, and Senior Lecturer, The
University of Manchester
“Manchester has the highest rate of lung cancer
deaths in the country. Smokers in areas of high
deprivation are also those least likely to attend
hospital check-ups. Sadly, for many people the
disease is found too late for treatments to be
effective. We said: “Why not just make it easy for
people?”. We took mobile, low-dose CT scanners
into supermarket car parks in three deprived areas of
Manchester. What we showed is targeted
community-based programmes can engage those
most at risk and detect a higher proportion of curable
early-stage lung cancers. This is saving lives.”
Image: Manchester University NHS Foundation Trust,
NIHR Manchester, The University of Manchester
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Using coloured light to reveal cancer
Professor Sarah Bohndiek
Department of Physics and Cancer Research UK
Cambridge Institute, University of Cambridge

Dr Sarah Bohndiek’s team are reinventing the
endoscope, a type of camera used to diagnose
oesophageal cancer. Their new endoscope relies on
multispectral imaging, a technique that uses the full
spectrum of coloured lights to spot areas in the lining
of the oesophagus that might develop into cancer.
Detecting these tissue areas means they can be
removed earlier, stopping the disease in its tracks saving more lives.
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Seeing more
Physicists in the Bohndiek lab are designing
endoscopes with multispectral sensors able to see a
much wider range of colours and textures invisible to
the human eye. They are engineering new cameras
to detect specific bands of coloured light that best
show up pre-cancerous tissue areas. These
cameras are now in trials at Addenbrookes Hospital
in Cambridge, helping doctors find signs of cancer in
patients earlier by revealing abnormal tissue that
would otherwise be hard to see.
1. Endoscope camera – existing endoscope cameras
use a narrow range of light – red, green, blue – to
look for signs of cancer
2. Multispectral sensor and sensor mounted on a
camera circuit board – these sensors are designed
with special filters to be able to detect a wide range
of information from light, helping to show abnormal
tissue that is likely to develop into cancer
3. Colour chart – used to test the sensors’ ability to
accurately detect key colours on the light spectrum
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Lent by Professor Sarah Bohndiek, University of
Cambridge
Loan nos. L2021-250, L2021-251, L2021-252, L2021-253
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Dale Waterhouse
Postdoctoral research associate, Bohndiek Lab,
University of Cambridge
“Standard cameras typically detect three colours of
light; red, green and blue. With spectral imaging, we
can detect 10s or even 100s of colours. This allows
us to reveal a detailed colour fingerprint of tissue —
a property we call a ‘spectrum’. And just like a
fingerprint, the shape of the spectrum helps identify
the tissue that created it.
I design specialised cameras that spot early-stage
cancer by looking for its 'spectral fingerprint'. Once
spotted, early cancer can be removed, preventing it
from developing into advanced disease, stopping
cancer in its tracks.”
Image: Dale Waterhouse
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Using a ‘sponge on a string’ to detect
cancer
Professor Rebecca Fitzgerald
MRC Cancer Unit, University of Cambridge

The Cytosponge is swallowed like a pill. It collects
cells as it is gently pulled back up the tube between
the mouth and the stomach. It can detect abnormal
cells linked to a condition called Barrett’s
oesophagus, which can increase the risk of
oesophageal cancer. This test was designed by
Rebecca Fitzgerald and her team of University of
Cambridge scientists to be cheaper, simpler and
kinder than intrusive endoscopies (tools inserted into
the body to view and take tissue samples).
1. Cytosponge displayed in tablet form
2. Cytosponge opens up into a sponge that collects
cells along the food pipe
Donated by MRC Cancer Unit, University of Cambridge
Object nos. E2021.0085.1, E2021.0085.2
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Detecting cancer with AI
Artificial intelligence is helping pathologists quickly
and accurately identify abnormal cells in samples
taken by the Cytosponge. The AI technology is
‘trained’ to recognise pre-cancerous cells by learning
from thousands of cell samples.
Image: Pakpoom Nunjui/SHUTTERSTOCK
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Cells stained to show TFF3 (trefoil factor 3)
Cells collected by the Cytosponge are stained. This
makes them easier for a pathologist to spot under a
microscope. The Cambridge research team
developed a special dye that specifically highlights a
protein only found in abnormal cells, called trefoil
factor 3 (TFF3).
Image: MRC Cancer Unit, University of Cambridge
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Liz
Retired scientist, who has experience of the
Cytosponge
“I had a history of acid reflux and was asked to take
part in a trial of the Cytosponge. You coil the string
up, put it in your mouth and wash the capsule down
with a glass of water. You can feel it when the nurse
pulls it out but it's not unpleasant. It is much quicker
and easier than an endoscopy – having a camera put
down your throat.
The Cytosponge test came back showing I had
Barrett’s oesophagus - and cancer. If I hadn’t taken
part in the trial I could now be walking around with
late stage cancer. The survival rate for oesophageal
cancer isn’t good. The fact it got picked up earlier
when I could have simple surgery has meant I am
now clear of cancer which is fantastic.”
Image: Patrick Harrison for Cancer Research UK
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Marcel Gehrung
Scientist and entrepreneur developing AI
techniques to improve cancer detection
"Our team develops advanced machine learning
technologies to build digital pathology tools to help
improve the detection of Barrett’s oesophagus. Right
now, most pathologists still look at cells manually,
under a microscope. They look at a massive sea of
cells, and 99.95 per cent will be fine, and 0.05 per
cent will be of interest or abnormal.
Our algorithms are helping pathologists to pull out
those key areas. You basically ask the machine ‘only
highlight an area where you’re sure there might be
something’. You’re still keeping skilled pathologists in
the loop, but are speeding up diagnosis, and
lessening the risk of missing something important by
focusing on the right things at the beginning.
The technology we are developing is applicable to
other areas of early detection of cancer that involve
changes in cell or tissue architecture, not just
oesophageal cancer."
Image: Cyted:
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Living longer with and beyond
cancer
There are now 2.5 million people living with or after
cancer in the UK. By 2030 that number could rise to
4 million as more people survive cancer for longer.
For many people, the emotional, physical and social
consequences of living with or after cancer treatment
– the good and the bad – can be felt for years.
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Silent Stories, with new soundscape commission
(2010 and 2021)
Katharine Dowson
Silent Stories is a series of glass sculptures created
by artist Katharine Dowson. They were cast from the
moulds of masks made for people receiving
radiotherapy for neck and throat cancer in 2010. In a
new commission, Katharine has created a
soundscape featuring the voices of those patients.
This is woven into a narrative about their emotions,
memories of treatment and subsequent life
experiences, ten years on.
‘The glass creates the impression of suspended
time, a snapshot memory of the moment. I use glass
as a metaphor for the imperfection and fragility of
life; the casts incidentally capture the patients’
portrait in a moment of vulnerability – echoes of
which can be heard in the soundscape. To see
through the glass from both sides encourages the
viewer to ask questions about a person’s inner self,
intensified by the intimate soundscape, where
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individuals describe their thoughts and feelings of
then and now.’
With thanks also to Nadia Salama, mould room
technician, Southend University Hospital and the
individuals who contributed to this artwork.
Lent by Katharine Dowson
Loan nos. L2021-241 – L2021-245
Soundscape commissioned by the Science Museum
Group
Duration: 8 minutes
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Facing cancer together
The cancer revolution is about more than science. As
more of us live longer with and after cancer, attitudes
and expectations about cancer are changing too.
We can’t stop cancer from happening – it is part of
us. But we can change how we feel about it, deal
with it and live with it. We can take actions to reduce
our own risk and get more involved with research.
We can talk more openly about cancer’s impacts,
dispel misconceptions and challenge stigma and
silence that surrounds the disease.
The future of how we live with cancer involves us all.
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Cancer culture
As more of us are impacted by cancer, our attitudes,
language and expectations about cancer are
changing too. From social media and podcasts, to
film and television, the silence and stigma around
cancer is being broken down with more of us sharing
stories and experiences about cancer.
A growing number of cartoonists and illustrators are
choosing to tell their cancer stories through graphic
novels. Take your time to browse and explore these
stories here.
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Let’s talk about cancer
Is there something you want to say or share about
cancer?
What are your tips for making life with cancer better?
What are the small triumphs you remember?
Are there questions you’ve always wanted to ask
about cancer?
Use a pencils and paper to share a story. Hang it on
a peg here.
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What should the future of cancer care look like?
The future of cancer care is complex, but there are
many reasons to be hopeful about the future. This
film brings together a wide range of individuals
sharing their hopes and ideas – big and small – for
making living with cancer, now and in the near future,
a better reality for all.
Duration 4 minutes
With thanks to all the contributors.
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END
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