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Abstract

Each year in the UK, more than 42,000 cases of colorectal cancer (CRC) are
diagnosed and there are over 16,000 deaths. Despite efforts to reduce
inequalities in cancer outcomes, disparities have persisted. This thesis
investigates spatial and social variations in CRC incidence, survival and
mortality in England and Wales.

A range of data sources were used to obtain information about CRC patients:
traditional mortality records; data from the Office for National Statistics
Longitudinal Study (LS); and the COIoRECTal cancer data Repository
(CORECT-R), a contemporary database of CRC data.

Standardised CRC mortality rates were calculated by Local Authority (LA) and
area deprivation over a 20-year period, and compared to those for all cancers
combined. Time-to-event analysis examined associations between individual-
level indicators of socio-economic status and CRC incidence and survival in the
LS. Small-area data linkage to CORECT-R enabled investigation of
associations between local area characteristics and CRC incidence, using a

bespoke risk index.

Spatial variation in colorectal cancer mortality was observed, but there was no
clear pattern by LA or area deprivation, in contrast to that for all cancers
combined. A stronger association was found between individual socio-economic
attributes (educational attainment, social class and housing tenure) and both
CRC incidence and survival. The CRC risk index revealed greater distance to
health services and green space was associated with worse CRC outcomes
and surprisingly closer proximity to retail outlets was associated with better
CRC outcomes. No associations of the risk index and stage at diagnosis were

found.

Understanding spatial and social variations in CRC is important to inform
policies and target interventions to reduce inequalities. Access to up-to-date
data is essential to monitor current health outcomes, while combining more
traditional datasets with novel data offers potential to examine these

relationships in more detail.
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Chapter 1

Introduction

1.1 Overview

This chapter sets out the research problem that the thesis seeks to address and
provides some background information. The conceptual framework that will be
used throughout the thesis is introduced. The research aims and objectives are

described and the overall structure of the thesis is outlined.

1.2 Colorectal cancer

Colorectal cancer refers to cancer that starts in the colon (large bowel) or
rectum. It is the fourth most common cancer in the UK but the second most
common cause of cancer death. Around 41,000 people are diagnosed with
colorectal cancer each year in the UK and there are around 16,000 colorectal
cancer deaths (Cancer Research UK, 2018). It therefore represents a major

public health concern.

Colorectal cancer incidence is strongly linked to age, with higher incidence rates
in older people. Over ninety percent of cases in England diagnosed in people
aged over 50 (Office for National Statistics, 2018). Colorectal cancer is also
more common in men than women: fifty-five per cent of colorectal cancer cases

in the UK occur in males (Cancer Research UK, 2018).

Overall, seventy-eight per cent of people diagnosed with colorectal cancer in
England survive for one year or more. This falls to 58% of people surviving five
years or more (Cancer Research UK, 2018). Early diagnosis is key to colorectal
cancer survival. If the cancer is detected early, treatment is more likely to be
successful and there is a better chance of survival. When diagnosed at the
earliest stage (Stage 1), nearly all (98%) people with colorectal cancer will
survive for at least one year. This figure is much lower (44%) when the disease
is detected at the most advanced stage (Stage 4) (Office for National Statistics,
2016). Currently, over half of colorectal cancer cases are diagnosed at a late
stage (Stage 3 or 4) (National Cancer Registration and Analysis Service, 2016),
so improving early detection is a priority. Cancer is more likely to be detected at
an early stage through screening or via an urgent (2 week wait) GP referral

when a patient presents with symptoms. It is more likely to be diagnosed at a
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late stage when it is diagnosed as a result of an emergency presentation and
23% of colorectal cancer cases were detected via this route in 2018 (CRUK

Early Diagnosis Tool).

Surgery is the most common treatment for colorectal cancer. Sixty-six per cent
of colon cancer patients and sixty-three per cent of rectal cancer patients have
surgery to remove the tumour as part of their treatment (NCRAS, 2017).
Radiotherapy is also commonly used to treat rectal cancer patients, either alone
or together with surgery or chemotherapy, but it not usually used to treat colon
cancer. Both colon and rectal cancer patients receive chemotherapy as part of

their treatment.

Survival for colorectal cancer has improved over recent decades, however,
there is concern that outcomes from the disease in England lag behind many
other comparable countries. The International Cancer Benchmarking
Partnership reported persistently lower colorectal cancer survival in England,
compared to Australia, Canada, Norway and Sweden (Coleman et al., 2011),
particularly in the first year after diagnosis. Later stage at diagnosis or
differences in diagnostic practices and treatment for colorectal cancer were

given as possible reasons for the disparities in survival rates.

Significant efforts have been made to improve cancer outcomes across the
NHS (Department of Health, 2007) and consequently reduce these disparities.
Major initiatives have been introduced over the past 20 years aimed at
increasing survival from colorectal cancer. Specialist multidisciplinary teams
have been established to improve the quality of care delivered in NHS hospitals.
The Bowel Cancer Screening Programme was introduced in 2006, aiming to
detect cancer at an early stage of the disease when treatment is more effective
and therefore reduce mortality among those invited for screening. It is currently
offered to all adults in England aged 60-74 but the age at which screening is
offered is to be lowered to start at age 50 (UK National Screening Committee,
2018). Uptake of bowel cancer screening is below that of for breast and cervical
screening at 54% overall, and there is considerable variation between areas

and demographic groups.

It is estimated that over half of colorectal cancer cases in the UK are linked to
lifestyle risk factors (Brown et al. 2018). These include consumption of red and

processed meat, being overweight or obese, alcohol consumption and smoking.
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Conversely, physical activity and fibre consumption may protect against
colorectal cancer (International Agency for Research on Cancer and World
Cancer Research Fund). Changing population-level exposure to modifiable risk
factors is a key driver of changing cancer incidence (Brown et al. 2018).
Furthermore, prevalence of exposure to risk factors varies by geographic area

and socio-demographic group.

In addition to substantial morbidity and mortality as a result of colorectal cancer,
it is estimated that detecting and managing the disease costs the National
Health Service (NHS) in excess of £1.1 billion annually (Incisive Health and
Cancer Research UK, 2015; Laudicella et al., 2016). Despite this, major
variations in diagnosis, treatment and outcomes remain. Therefore, more

research is required to inform policies to address this.

1.3 Determinants of health

Inequalities in health exist between subgroups of the population and from one
place to another, at national, regional and local level. In order to understand
why such inequalities occur, there is a need to understand the factors that
determine good and bad health.

It is well established that there is a social gradient in health: the lower and
individual’'s social position, the worse their health is likely to be (Marmot, 2010).
This has led to a growing awareness of social factors (as opposed to biological
or genetic factors) in determining health. Economic, environmental and social
inequalities can affect people’s risk of contracting disease, their ability to

prevent serious illness and their access to timely and effective treatments.

There is also an ongoing debate about the role of individual and area effects on
health outcomes (Roux, 2001; van Ham and Manley, 2012). While geographical
variations in health have been examined historically, the importance given to
the study of area differences when investigating the causes of disease has
varied over time. The focus on individual-level risk factors for disease in
epidemiology over the past few decades led to less interest in the role of area
attributes as possible causes of disease. The concept of place as an important
determinant of health remerged in the 1980s and 1990s (Carstairs and Morris,
1989; Humphreys and Carr-Hill, 1991) and since then there has been a marked
increase in interest. A large body of literature examining neighbourhood effects
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has been published in epidemiology and Public Health journals, across a range
of health outcomes and health behaviours, including cardiovascular disease
(Smith et al., 1998), self-reported illness (Shouls et al., 1996), smoking
behaviour (Duncan et al., 1999) and mortality (Sloggett and Joshi, 1994).

The upsurge in interest in area effects coincided with an increased interest in
the social determinants of health. The type of area in which people live is one
way in which social factors can influence health. At the same time there was an
emerging debate about the use of ecological variables in epidemiology (Diez-
Roux, 1998) and the notion that neighbourhood context may have an effect on a
person’s health independently of their individual attributes. This led to the
emergence of new methodological approaches, such as multi-level modelling,
to try and understand the role of context and composition in area variation in

health outcomes (Duncan et al., 1998).

Despite the volume of research on neighbourhood effects, enough is still not
known about the causal mechanisms which produce them and how important
they are in shaping an individual’s life chances (van Ham et al., 2012). A
number of conceptual and methodological challenges remain in order to better
understand neighbourhood effects on health outcomes (Roux, 2001; van Ham
and Manley, 2012). These include how to better define neighbourhoods, how to
conceptualise the complex relationship between neighbourhood characteristics
and individual-level socio-economic position and understanding the scale and
temporality of neighbourhood exposures. Furthermore, incorporating life course
and longitudinal dimensions in work on health and place is an emerging
research area (Pearce, 2018). Researchers must also overcome data
availability issues (Jivraj et al., 2020). Finally, combining quantitative and
qualitative approaches into one research design may enable better
understanding of the processes that underlie the causal mechanisms (van Ham
and Manley, 2012).

Several conceptual models have been developed to illustrate the social and
environmental factors which contribute to health, for example social ecological
models (McLeroy et al., 1988), the Health Belief Model (Janz and Becker, 1984)
and the triangle of human ecology (Meade and Earickson, 2000). Perhaps the
most widely used of these is Dahlgren and Whitehead’s ‘rainbow’ model of

health determinants which maps the relationship between the individual, their
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environment and health (Dahigren and Whitehead, 1991). Individuals are
placed at the centre of the model along with personal characteristics such as
sex, age, ethnic group and hereditary factors. Surrounding them are the various
layers that influence health (Figure 1.1). The first layer comprises individual
lifestyle factors such as smoking, alcohol use and physical activity. This is
followed by social and community influences which include family and wider
social circles. The next layer encompasses living and working conditions and
access to essential goods and services. The outermost layer includes

macroeconomic, cultural and environmental conditions.

Figure 1.1 Dahlgren and Whitehead model of health determinants

Social models of health determinants such as these are relevant to this PhD as
it is concerned with investigating social and spatial variation in colorectal cancer
risk and outcomes. Of particular interest is how geographic location and
environment contribute to inequalities in colorectal cancer risk and outcomes
both independently or via social factors. Better understanding of how
geographic factors interact with socio-economic position and lifestyle factors
could help to explain the mechanisms behind these disparities and thereafter be
used for appropriate targeting for policy whether aimed at individuals or at

areas; whether specific places or types of spaces.

The core concepts and elements of the Dahlgren and Whitehead model will be

used to inform this PhD.



1.4 Framework

Figure 1.2 shows an adapted version of the Dahigren and Whitehead model,
relevant to this PhD. The model has been simplified to 3 layers: the individual,
lifestyle factors and socio-economic conditions. An additional spatial component
has been added, intersecting the lifestyle and socio-economic factors. This

model will be used as a framework throughout the PhD.

Socio-economic
conditions

Spatial Spatial

Figure 1.2 Thesis framework

The spatial component encompasses factors relating to the geographic location
(environment context) of a place. This can be considered at various different
scales, such as nationally, regionally and locally. Traditionally, census
geographies in England have been used in research to define area boundaries.
Spatial factors also include differences between urban and rural areas, which
could influence access to health care services and health-related behaviours
due to aspects of the physical environment. Proximity to features of the built
and physical environment which may influence health-related behaviours will

also be considered.

While the spatial component relates to physical location, the social component
relates to the demographic characteristics and the composition of the area in
which people live. This includes both individual-level socio-economic position,
measured by indicators such as educational attainment, unemployment,
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occupation and housing and area-level indicators, such as area deprivation. In
many cases area-level indicators are used as a proxy for individual-level
measures where these are not available, however, area characteristics may

influence health regardless of individual socio-economic position.

Social and spatial factors are closely intertwined. By separating out the spatial
component, its influence on health can be considered both independently and

via the social composition of areas.

Lifestyle factors and behaviours that influence health, and specifically, risk of
colorectal cancer will be considered. Prevalence of these risk factors varies

both socially and spatially. While not a primary focus of this thesis, individual
characteristics at the centre of the model, such as age, gender, ethnicity and
hereditary factors are important determinants of colorectal cancer risk and

outcomes.

1.5 Available data

In order to investigate the social and spatial variations in colorectal cancer
incidence and outcomes a range of social and spatial information over time is

required.

A national census is carried out every ten years in England and Wales by the
Office for National Statistics (ONS). Detailed socio-demographic information is
collected for all people and households resident in the country at the time of the
census. These data are then collated and disseminated to users at a range of

census geographies.

Annual mortality statistics are also collated by the ONS. These data contain all
deaths in England and Wales by sex, five-year age group and cause of death
for a selection of geographies.

National cancer registries collect information about cancer diagnoses in the UK.
The cancer registry contains detailed information about cancer patients
diagnosis, treatment and outcomes, however, only limited demographic
information is collected which does not include details about an individual’'s
socio-economic position. Most research using cancer registry data uses area-
based measures of SES, either census-based (Carstairs or Townsend Index) or

the Index of Multiple Deprivation (IMD).
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Longitudinal studies provide a means of linking socio-demographic and health

information over time for a sample of the population. There are a number of

national longitudinal cohort studies in the UK that are widely used for health

research (Centre for Longitudinal Studies, 2021).

No single dataset can provide all information required to meet the objectives of

this thesis so a range of datasets will be used which will be outlined in more

detail in Chapter 3, section 3.2.

1.6 Aims and objectives

Aim:

To investigate spatial and social variations in colorectal cancer incidence,

mortality and survival in England and Wales.

Objectives:

Objective

Chapter

Review literature relating to colorectal cancer
incidence, survival and mortality by geographic

location and area deprivation.

Chapter 2,4, 5,6

attributes of Longitudinal Study members with a

diagnoses of colorectal cancer.

Describe data sets and appropriate spatial and Chapter 3
statistical methods.

Describe and critique trends in colorectal cancer Chapter 4
mortality in England and Wales at Local Authority

level and by area-based socio-economic deprivation.

Compare colorectal cancer mortality trends to all Chapter 4
cancers combined.

Identify whether there are statistically significant hot Chapter 4
spots of colorectal cancer and all-cancer mortality

rates by geographic area and over time.

Describe the demographic and socio-economic Chapter 5
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Investigate the association between colorectal cancer
incidence and individual and area-based indicators of

socio-economic status using time-to-event analysis.

Chapter 5

Investigate the association between all-cause and
cause-specific survival and individual and area-based
indicators of socio-economic status over a 15-year
follow-up period among people with a colorectal

cancer diagnosis, using time-to-event analysis.

Chapter 5

Describe individuals with a colorectal cancer
diagnosis by individual attributes (age, sex, ethnicity)
and characteristics of the local area in which they

reside (area deprivation, population density).

Chapter 6

Develop an area-based index of the types of places
with higher risk of colorectal cancer incidence,
encompassing three domains: the retail environment,

health services, and the natural environment.

Chapter 6

Model the relationship between colorectal cancer
incidence and the colorectal cancer risk index,
adjusting for demographic and socio-economic

characteristics of areas.

Chapter 6

Estimate the odds of late stage diagnosis by the

colorectal cancer risk index.

Chapter 6

Critique results in context of wider literature

Chapter 7

Make recommendations for future research

Chapter 7

Table 1.1 Research objectives
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1.7 Funding and interdisciplinarity

This PhD project is funded by Cancer Research UK (CRUK) as part of the
Colorectal Cancer Intelligence Hub research programme. The programme is a
collaboration between the University of Oxford, the University of Leeds, the
University of Edinburgh, the Bowel Cancer Intelligence UK Patient-Public Group
and Health Data Insight. It was set up to address the challenges faced by
researchers in gaining access to patient data which is vital for generating high-
quality cancer intelligence. A single colorectal cancer researcher data system
has been created, known as the COIoRECTal cancer data Repository
(CORECT-R). This novel data resource contains detailed diagnostic,
management and outcome information about all individuals in England

diagnosed with, or at risk of developing, colorectal cancer.

The PhD topic is an interdisciplinary subject area, encompassing Cancer
Epidemiology and Geography. Interdisciplinary research is important to try to
address public health concerns. In the case of this PhD, an interdisciplinary
approach is needed to better understand the determinants of health at all levels
and how these influence cancer risk and outcomes, specifically colorectal
cancer. In particular, it is concerned with how cancer risk and outcomes vary by
geographic location and socio-economic characteristics. Geographic methods
and spatial analysis techniques will be applied in a health setting to try and
address these questions.

The results from this thesis will provide an updated picture of social and spatial
variations in colorectal cancer incidence, survival and mortality. Reducing socio-
economic and geographic inequalities in cancer outcomes is a public health
priority (The NHS Cancer Plan (2000), Cancer Reform Strategy (2007)). To
achieve this a better understanding of cancer risk and outcomes at smaller
geographic units is needed in order to develop policy and provide targeted
public health initiatives. This thesis aims to address this gap in colorectal cancer

research.
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1.8 Thesis structure

The thesis comprises an introduction, literature review, data and methods
chapter, three results chapters and a discussion. The structure is summarised
in Figure 1.3. Due to the broad topic area, there is a large body of literature,
therefore literature relating to each of the analysis chapters will be discussed at

the start of each of those chapters.

4 N\
Chapter 1 - Introduction
. J
A\ 4
4 N
Chapter 2 - Literature
Review
. J
v
4 I
Chapter 3 - Data and
methods
< >
Chapter 4 - Chapter 5 - Chapter 6 -
Spatial and Variation in Developing an
temporal variations colorectal cancer area-based index
in colorectal incidence and of colorectal
cancer mortality in survival by socio- cancer risk for
England and economic position England
\ Wales / K J k /
\ )
Y

Chapter 7 — Discussion

Figure 1.3 Thesis structure
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Chapter 2

Literature Review

2.1 Introduction

This chapter will set the thesis in the context of the existing literature. The
framework introduced in Chapter 1.4 will be used to structure the review. Spatial
and social variations in health will be explored and how they interact with one
another and health behaviours to influence health outcomes. For each of the
elements (spatial, social, lifestyle), firstly variations in general health and
mortality will be considered, then variation in all cancers, and finally variations in
colorectal cancer specifically. The literature relevant to the analysis chapters will

be discussed in more detail at the start of each of these chapters.

2.2 Methods

A narrative literature review was undertaken to analyse and critique literature
within the topic area of interest. An initial literature search was carried out,
where Medline and Web of Science databases were searched using the search
terms listed in Table 2.1. These search terms were combined using Boolean
operators. Papers not written in the English language were excluded as were
those published before the year 2000, to focus on recent research findings.
Titles and abstracts of search results were reviewed and the relevant papers

were imported into Mendeley.

Following the initial literature search a number of key papers and authors were
identified. A snowball strategy was adopted, using forward and backward
citation searching, to find additional relevant papers. Here, some older studies
were included (prior to 2000) to understand how trends have changed over
time. Search alerts were set up to keep informed of new publications in the topic
area. The review focuses on research in the UK which is most relevant to the
setting of this thesis, but international studies in other developed countries are

also considered.
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Search component

Search terms

General health

health* OR mortality

Cancer cancer* OR carcinoma*
colo?rect* OR colon OR rectal OR rectum OR bowel*
Social socio?economic* OR socio?demograph* OR
geo?demograph* OR social* depriv* OR social*
inequalit® OR material* depriv*
Spatial spatial* analy* OR spatial variation* OR area-level
Outcome incidence OR mortality OR survival

Table 2.1 Literature review search terms
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2.3 Results

There are variations in health by geographic area and area type. Such area
characteristics may relate to the composition of an area, for example a
deprivation index or geodemographic classification, or the context of the area,
such as whether it is in an urban or rural setting (Macintyre et al., 2002). These
disparities in health are observed for general health and mortality, and for most
cancers. Variation in colorectal cancer by geography and area type is less clear
and will be explored throughout this thesis.

2.3.1 Spatial variation in general health

Regional variations in health have been observed in the UK. Geographical
inequality in health between the North and South of England has persisted for
several decades: overall health is better in the South than the North. This
regional health divided has been witnessed across a range of health outcomes.
For example, life expectancy has been consistently lower in the North of
England than the South (Marmot et al., 2020). There is a gap of eight years in
life expectancy for males born in 2016-2018 between those born in Blackpool
(North) and Richmond-upon-Thames (South). Healthy life expectancy, the
number of years that people can expect to live in good health, is 53.3 years for
men born in Blackpool, compared to 71.9 years for those born in Richmond-
upon-Thames, a gap of 18.6 years. In an analysis of 18 health indicators across
9 Government Office Regions in England, Ellis and Fry (2010) found that
Northern regions generally do worse than the Midlands and London, particularly
on indicators such as lung cancer incidence and deaths from all cancer,
respiratory diseases and circulatory diseases. They did, however, note some
exceptions to this trend such as high levels of childhood obesity in London, a
high proportion of drug use in the South East and high levels of breast cancer in
the South West. This suggests that geographical patterns in health vary by
health indicator. A limitation of the study was that a lot of the indicators were
based on sample surveys with small regional samples which highlights the
difficulty of analysing health outcomes by geographical area as small numbers
can be an issue. More recently, regional inequalities in the health impacts of
Covid-19 have been reported, with higher rates of mortality attributable to
Covid-19 in the North of England, compared to the rest of the country (Munford
et al., 2021).
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Inequalities in health have been observed at different spatial scales. In an
analysis of premature mortality in Great Britain, Leyland (2004 ) found persistent
differences in mortality between regions but also disparities between districts
within regions and that these vary from one region to another. Similarly, in an
analysis of mortality by cause of death in countries and cities of the UK, Walsh
et al. (2020) identified particular issues in the city-level analysis, such as high
mortality rates in Glasgow for all-cause mortality and the majority of causes of
death, especially alcohol-related causes. This suggests that regional analysis
could mask patterns at sub-regional level and highlights the need for more
detailed spatial analysis. The authors noted that trends at city-level can be
difficult to interpret given fluctuations in mortality rates, which is an important

consideration when conducting spatial analysis at smaller geographical units.

Variations in health have also been observed between rural and urban areas.
Based on self-reported health, a positive urban-rural health gradient has been
found, with individuals in urban areas reporting the worst health and those in
rural areas the best (Allan et al., 2017). A protective “capital city” effect was also
noted, whereby residents in London were found to have better than anticipated
health. This suggests that there are other factors that impact the health of

individuals residing in some cities.

Where we live (residential context) can also influence health-related behaviours
and in turn health status. Aspects of the local environment can be health
promoting or health damaging. Studies have investigated the influence of
features of both the natural and built environment on health. For example,
research has shown a positive relationship between the number of fast food
outlets in an area and rates of childhood obesity (Fraser and Edwards, 2010).
Other studies have shown the density of alcohol-related outlets to be associated
with alcohol-related harms (Sherk et al., 2018) and tobacco outlets with risk of
smoking (Shortt et al., 2016). On the other hand, accessibility to green space
has been shown to be positively associated with physical and mental wellbeing
(Mitchell and Popham, 2008). This will be discussed in more detail in Chapter 6,
which investigates the association between residential context and colorectal

cancer risk.
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2.3.2 Spatial variation in cancer

Variations in cancer incidence and survival have been reported at regional level
in England. Arik et al. (2020) estimated cancer incidence rates by age, gender,
year and region for all-cancer and four common cancer types between 1981
and 2016 using Bayesian modelling. The highest all-cancer incidence rates
occurred in the North East for both genders while the lowest rates were mostly
observed in London for females and the east for males. Regional patterns in
incidence vary by cancer type. Based on data for 2016, Arik at al. (2020) found
higher lung cancer incidence in northern regions of England, compared to
southern regions. Bowel cancer incidence rates for males were highest in the
north east and north west. In contrast, the highest incidence rates for females
were in the south of England. The lowest bowel cancer incidence for males and
females occurred in London but there was less regional inequality in bowel
cancer incidence compared to all-cancer and lung cancer. Breast and prostate
cancer rates were highest in the south of England. Less regional variation was
noted for breast and prostate cancer incidence, compared to all-cancer, lung
cancer and bowel cancer. Regional variation in cancer incidence appears to be
increasing over time. Arik et al. (2020) reported a significant increase in regional
variation for most types of cancer, although bowel cancer was a notable
exception for which regional differences had narrowed over time. Patterns in
cancer incidence at sub-regional level were not examined in this study. This is a
limitation because there may be considerable variation between areas within

regions which is obscured by regional-level patterns.

There is also evidence of variation in cancer survival by geographic region. As
described in the context of general health above, a North-South divide in cancer
survival has been observed in England, whereby survival is generally lower in
northern England, compared to the south. Walters et al. (2011) reported wide
geographical variation in cancer survival by cancer network in England. Cancer
networks were an NHS regional geography consisting of 28 geographic areas
(they were replaced by Cancer Alliances in 2015). Survival estimates were
consistently low in northern England and the east Midlands, compared to
England overall. While they found that the north-south divide became less
pronounced over time, geographical inequalities in survival persisted over time.

Breast cancer was a notable exception, for which there was a marked reduction
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in geographical inequality in survival. In a more recent analysis using smaller
geographic units, there was less geographic inequality in cancer survival by
Clinical Commissioning Group (CCG) in England in 2017, compared to 2002
(Public Health England, 2019). There was also less variation in CCG-level

survival estimates for breast cancer than in colorectal and lung cancer survival.

Regional differences in cancer survival vary by cancer type. In a recent report,
the ONS reported geographical patterns in cancer survival for 3 levels of NHS
geographies in England: 7 NHS regions, 21 Cancer Alliances (CAs) and 37
Sustainability and Transformation Partnerships (STPs) (Public Health England,
2020). Across the 21 CAs, the variation in 1-year survival estimates was most
narrow for breast cancer, with a range of 1.5 percentage points between the
lowest and highest, and widest for brain cancer, for which the range was 13.1
percentage points. Comparing the STPs, the difference between the lowest and
highest 1-year survival estimates varied from 2.5 percentage points for breast
cancer and melanoma to 17.9 percentage points for ovarian cancer. There was
less variation in survival estimates by NHS region compared to CAs and STPs,
due to larger, more heterogeneous populations. For both 1-year and 5-year
survival, the North East and Yorkshire, North West, Midlands and East of
England tended to have lower estimates and conversely, the South East, South

West and London tended to have higher estimates.

Spatial variations in cancer risk and outcomes can also be considered in terms
of differences between rural and urban areas. Cancer incidence rates and
mortality rates, adjusted for population age distribution, vary between rural and
urban areas. Rural areas have lower incidence rates of lung cancer and higher
incidence of breast, prostate and female colorectal cancers (National Cancer
Intelligence Network, 2011). The report found that the variation in cancer
incidence and mortality rates by rurality was partly due to the variation in socio-
economic status but even when this is taken into account some significant
differences remained. The analysis was based on the ONS rural-urban
categories and the Index of Multiple Deprivation income domain which were
assigned at small-area (LSOA) level. A different study, using similar data,
concluded that differences in all-cancer mortality between rural and urban areas

were largely accounted for by deprivation (Gartner et al., 2011).
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There are also differences in cancer survival between rural and urban areas.
Whether a patient lives in a rural or urban area can influence their access to
health care services. Distance to health care services can impact on a patients
cancer stage at diagnosis, treatment type, survival and quality of life (Ambroggi
et al., 2015). Survival for patients living in rural areas in Scotland was poorer for
lung cancer and colorectal cancer, compared to those living in towns and cities
with a cancer centre (Campbell et al., 2000). In a subsequent study, the authors
found that patients in rural areas had more advanced disease at diagnosis
(Campbell et al., 2001), which suggests advanced stage at diagnosis may
explain the poorer survival among patients in these areas. What is meant by an
urban or rural area and how rurality is measured may vary in different countries.
For example, Scotland is much less densely populated than England so findings
may not be generalizable to other areas. In a study in northern England, cancer
stage at diagnosis was found to be associated with increased travel time to
general practitioners for colorectal and breast cancers, but travel time to
hospital and measures of access to public transport were not associated with
stage at diagnosis or survival (Jones et al., 2008b). The impact of rurality on
quality of life following a cancer diagnosis has also been investigated. In a study
of men 18-42 months post diagnosis of prostate cancer in the UK, the influence
of rurality and area deprivation on self-assessed health related quality of life
were not greater than what would be expected in the general population (Smith
et al., 2020).

2.3.3 Spatial variation in colorectal cancer

Geographical variation in colorectal cancer is less well researched. Age-
standardised incidence rates of colorectal cancer are highest in the North East
of England and lowest in London (Office for National Statistics, 2019). As noted
above, when comparing incidence and survival by cancer type, there is less
regional inequality in colorectal cancer incidence, compared to all-cancer and
lung cancer but more than breast and prostate cancer. Regional differences in
colorectal cancer incidence rates have narrowed over time, in contrast to other
cancer types for which regional variation has increased (Arik et al. 2020).
Despite a narrowing of geographical inequality in colorectal cancer survival by

CCG over time between 2002 and 2017, variations in survival by area persist.
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There is still a 17% range between CCGs with the lowest and highest 1-year
survival (Public Health England, 2019).

Rurality and access to health care services have been found to influence stage
at diagnosis, treatment and survival for colorectal cancer patients. Distance to
cancer centre is associated with more advanced disease at diagnosis amongst
colorectal cancer patients in Scotland (Campbell et al., 2001). Similarly,
advanced colon cancer stage at diagnosis was associated with patient travel
distance to hospital in a US study (Massarweh et al., 2014). Furthermore,
increasing distance to primary care provider (Parsons and Askland, 2007) and
increasing travel time to GP (Jones et al., 2008b) is associated with late stage

at diagnosis for colorectal cancer patients.

The likelihood of receiving radiotherapy was reduced for patients with breast,
colon, rectal, lung, ovary and prostate cancer with increasing travel time to the
nearest radiotherapy centre in northern England (Jones et al., 2008a). In
addition, rectal patients were less likely to receive chemotherapy if they lived
furthest from these hospitals (Jones et al., 2008a). An increase in driving
distance or drive time was associated with a greater time-to-treatment after
diagnosis with colorectal cancer in the US (Scoggins et al., 2012). Distance to
treatment centre was associated with poorer colon cancer survival in France
after adjustment for stage at diagnosis (Dejardin et al., 2008). Among rectal
cancer patients in Queensland, those living further from a radiotherapy facility
were more likely to die from rectal cancer than those living within 50km of such
a facility (Baade et al., 2011). This evidence suggests access to health care
services influences receipt of timely treatment across different health care

settings.

2.3.4 Social variations in general health

As well as geographical variations in health, inequalities are also observed
between social groups. Health status is closely related to people’s socio-
economic circumstances. These circumstances have been measured in a
number of different ways. A common summary measure of socio-economic
circumstances across the population is socio-economic deprivation. One such
measure is the Index of Multiple Deprivation (IMD), which summarises the

degree of deprivation within an area based on a range of factors that includes
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levels of income, employment, education and crime. Census-based measures
of deprivation are also widely used, for example the Townsend Index of
Deprivation (Townsend et al., 1988) and the Carstairs index (Carstairs and
Morris, 1991). These combine selected census variables to derive a summary
measure of deprivation for each area. These measures reflect the fact that the
socio-economic environment is multidimensional, incorporating factors such as
income, employment, social class and living conditions. Moreover, each
dimension measures a different aspect of deprivation so taken separately they
are unlikely to capture the full range of socio-economic disadvantage.
Furthermore, life course measures of socio-economic deprivation are
increasingly being used to monitor long-term trends in socio-economic position

and outcomes such as health (Jivraj et al., 2020).

There is a gradient in health across socio-economic groups within every region
in England: poorer health with higher deprivation. This pattern is evident across
a range of health outcomes. For example, the difference in life expectancy at
birth between the least and most deprived areas in England is 9.4 years for
males and 7.6 years for females (Office for National Statistics, 2021b).
Moreover, the gradient in healthy life expectancy is steeper than that for life
expectancy. People in the least deprived areas can expect to live roughly 19
more years in good health than those in the most deprived areas (Office for
National Statistics, 2021b). So not only do people in the most deprived areas
have the shortest life expectancy overall, they are also spending more of their
lives in ill health than those in less deprived areas. A similar gradient can also
be seen for other measures of deprivation, such as level of income and
education (The King’s Fund, 2015).

The social gradient in health is evident for specific morbidities, such as
cardiovascular disease (Mackenbach et al., 2000) and diabetes (Espelt et al.,
2008), in self-reported health (Kunst et al., 2005) and in all-cause mortality and
specific causes of death (Mackenbach et al., 2008). A socio-economic gradient
in Covid-19 mortality has also emerged. The age-standardised mortality rate for
deaths involving Covid-19 in the most deprived areas in England between
March to June 2020 was more than double the rate in the least deprived areas
(Office for National Statistics, 2020). A report by the Northern Health Science
Alliance (NHSA) found that around half of the higher Covid-19 mortality
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observed in North of England, compared to the rest of the country, and two-
thirds of the higher all-cause mortality were explained by greater levels of

deprivation and worse pre-pandemic health in the North (Munford et al., 2021).

This social gradient in health can explain some of the geographical variation in
health described above. The north of England has a higher concentration of
deprived neighbourhoods than the south of England and therefore, a greater
proportion of areas where health outcomes are likely to be worse. The
relationship between social and spatial inequalities in health is, however, more
complex. Poor areas in the north of England tend to have worse health than
places with similar levels of deprivation in the rest of England. Furthermore, the
social gradient in health is steeper in the north than the rest of England i.e. the
gap in health between the most and least deprived groups is greater. For
example, life expectancy is nearly five years less for people living in deprived
areas in the North East compared to those living in similarly deprived areas in
London and the gap in life expectancy between the least and most deprived
areas in the North East is greater than in London (Marmot et al., 2020). This
highlights the importance of place in health inequalities: place has an impact on

health over and above that explained by general relationships with deprivation.

Despite policy that aims to reduce social and geographical inequalities in health
(Department of Health, 2009), there has been a widening of the gap in health
between the most and least deprived areas in recent years. There has been an
increase in mortality among the most deprived and widening inequalities in
mortality by level of deprivation (Walsh et al., 2020). The difference in life
expectancy at birth increased by 0.4 years for males and 0.9 years for females
between 2010-2012 and 2016-2018 (Marmot et al., 2020). Growth in life
expectancy have stalled for men and women in England since 2010 and this
slowdown has been greatest in the more deprived areas (Marmot et al., 2020).
Life expectancy declined for females living in the most deprived 10% of areas
between 2010-12 and 2016-2018.

These patterns also play out differently by region. Life expectancy for women in
the most deprived 10 per cent of small areas decreased in every region except
London, the West Midlands and the North West. Life expectancy for men in the
most deprived 10 per cent of small areas decreased in the North East,

Yorkshire and the Humber and East of England. Life expectancy for men and
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women living in the least deprived 10 per cent of neighbourhoods has increased

in every region (Marmot et al., 2020).

Different diseases have contributed to social and spatial inequalities in health.
The rate of improvement in Years of Life Lost (YLL) and life expectancy slowed
more substantially for cardiovascular disease and (to a lesser extent) breast,
colorectal and lung cancers (Steel et al., 2018). This highlights the importance
of looking at patterns by cause of death and the role of cancer, and specifically,
colorectal cancer in health inequalities.

While there have been reductions in the rate of growth in life expectancy in
other countries, they have been largest in the UK (Leon et al., 2019). There is
evidence to suggest that the recent stalling in life expectancy in the UK is likely
to be associated with the implementation of government policy from 2010 which
included cuts to public services and social security (Loopstra et al., 2016; Hiam
et al., 2018) .The recent rise in infant mortality has been attributed in part to
rising child poverty (Taylor-Robinson et al., 2019). The cuts in Local Authority
funding were not uniform across the country, with the most disadvantaged
areas disproportionately affected and the impact felt more heavily in the north of
England than in the south (Hiam et al., 2018). This highlights how the broader

socio-political environment can contribute to widening inequalities in health.
Individual socio-economic status

Social inequalities in health are also measured in term of individual socio-
economic characteristics, such as educational attainment, employment, social
class and housing tenure. Such information is usually collected in surveys or
longitudinal studies, as data for the whole population is not usually
disseminated at this level due to issues of confidentiality. Individual-level
indicators have been associated with a range of health outcomes. For example,
diabetes prevalence is higher among people with a lower educational level
(Espelt et al., 2008) and mortality from cardiovascular disease is higher among
people with lower occupational class and lower educational level (Mackenbach
et al., 2000)

Often area-level indicators are used as a proxy for individual-level information,
where this data has not been collected. Area-level indicators can, however,

impact health regardless of individual characteristics. Furthermore, individual
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and area-level deprivation may interact such that area deprivation has a
disproportionate effect on those in low socio-economic groups (Stafford and
Marmot, 2003; Luben et al., 2019).

2.3.5 Social variations in cancer

There are variations in cancer incidence and mortality by measures of socio-
economic circumstances. Differences in cancer incidence rates have been
observed between high and low deprivation groups. Based on the IMD, the
highest all-cancer incidence rates were in the most deprived areas and the
lowest rates in the least deprived areas (Arik et al., 2021). This pattern was
evident in all regions in England, however, as found for general health
indicators, the social gradient (the difference in incidence rates between the

most and least deprived deciles) was steepest in the North East.

The association between cancer incidence and socio-economic circumstances
varies by cancer type. Lung cancer incidence has the strongest association with
socio-economic circumstances. Males and females in more deprived areas
have higher rates of lung cancer compared to those in less deprived areas (Arik
et al., 2020). Lung cancer is strongly linked to tobacco smoking and rates of
smoking are significantly higher in more deprived areas (Office for National
Statistics, 2017) which is likely to explain the association between socio-
economic deprivation and lung cancer incidence. There is evidence that
inequalities in lung cancer incidence have widened among women in recent
years (Tweed et al., 2018). Lung cancer incidence rates have increased for
females, particularly in more deprived areas, and this gap has widened over
time (Arik et al., 2020). Again, this pattern was most evident in the north of
England. Breast and prostate cancer incidence, on the other hand, show an
inverse relationship with socio-economic circumstances: incidence is lower
among people living in more deprived areas (Tweed et al., 2018). A possible
explanation for high breast cancer incidence in the least deprived areas is that
women in these areas are more likely to attend breast cancer screening
(Maheswaran et al., 2006). Furthermore, women in the least deprived areas are
more likely to be better educated which often leads to them having children later
in life and having less children, both of which are associated with an increased
risk of breast cancer due to hormonal differences (Al-Ajmi et al., 2018).
Similarly, rates of prostate-specific antigen testing in the UK are higher in the
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least deprived areas, leading to greater detection of prostate cancers among
men in these areas (Williams et al., 2011). Using an alternate area-based
measure of socio-economic deprivation, the Townsend index, (Pollock and
Vickers, 1997) found a strong positive correlation between deprivation and
incidence rates of lung cancers in the South Thames region but no association

between deprivation and incidence of breast and colorectal cancers.

The evidence summarised above has come from studies using area-based
measures of deprivation. Most recent cancer research in England and Wales
uses data from cancer registries which do not record individual socio-economic
indicators, hence area-based measures tend to be used as a proxy for these.
Few studies have investigated the association between individual measures of
socio-economic status and cancer risk. Sharpe et al. (2014) linked census and
mortality data from the Scottish Longitudinal Study (SLS) to data from the
Scottish Cancer Registry to investigate the effect of country of birth, marital
status, area deprivation and individual socio-economic variables (economic
activity, education, occupational social class, car ownership, housing tenure) on
risk associated with lung cancer, upper aero-digestive tract (UADT) cancers and
all cancers combined. They found that different and independent socio-
economic variables were inversely associated with different cancer risks in both
sexes and therefore no one socio-economic variable can capture all aspects of
socio-economic circumstances. This highlights the importance of using multiple

measures of socio-economic status in epidemiological studies.

There is strong evidence for socio-economic differences in cancer survival and
mortality for many cancers and in many populations (Kogevinas and Porta,
1997). Large inequalities in cancer survival by socio-economic deprivation have
been consistently identified in England and Wales (Coleman et al., 2004;
Woods et al., 2006). Among adults living in the most deprived areas who were
diagnosed between 1996-1999, 5-year survival was lower than for those in the
least deprived areas for 28 of the 33 cancer-sex combinations analysed
(Coleman et al., 2004).

Pollock and Vickers (1997) found higher mortality rates among patients living in
the most deprived areas, based on the Townsend deprivation index, for all three
tumour sites analysed (breast, lung and colorectal) and significantly lower

survival rates among breast and colorectal patients living in the most deprived
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areas. Poor survival in these groups was not explained by differences in
incidence, unlike lung cancer for which incidence and mortality were positively
correlated with deprivation, but no socio-economic gradient was found for
survival. Therefore there must be other factors contributing to socio-economic

disparities in survival among breast and colorectal cancer patients.

The deprivation gap in cancer survival has widened. In a population-based
study of 2.2 million patients in England diagnosed with one of the 20 most
common cancers, survival improved for most cancers in both sexes during the
1990s. For many cancers, however, survival improved more among those living
in the least deprived areas than those living in the most deprived areas and as a
result the existing deprivation gap in survival widened (Coleman et al., 2004). In
a study of recent trends in cancer mortality, the lowest all-cancer mortality rates
and steepest improvements in mortality since 2001, for both males and females,
were in the more affluent groups (Arik et al., 2021). Furthermore, while there
were differences in all-cancer mortality between the most and least deprived
areas in all regions, the biggest gap was again in the North East of England.

Some studies have attempted to quantify the public health impact of inequalities
in cancer survival. For patients diagnosed during 2004-2006, Ellis et al. (2012)
estimate that 7,122 of the 64,940 excess deaths a year (11%) would have been
avoided if 3-year survival for all patients had been as high as in the most
affluent group (based on ecological measure of deprivation). While there was a
reduction in the number of avoidable deaths over time (i.e. an improvement in
cancer survival) this did not reflect a narrowing in the deprivation gap.
Therefore, eliminating that social gradient in cancer survival should be a key

policy aim.

A small number of studies have investigated the association between cancer
survival or mortality and individual-level measures of socio-economic status.
Sloggett et al. (2007) investigated socio-economic differences in cancer survival
in England and Wales using four individual indicators of socio-economic status:
Registrar General’s Social Class, housing tenure, household access to a car
and the Carstairs indicator of relative area deprivation and using relative
survival methods. For all cancers combined, the four indicators of socio-
economic status showed similar associations, but for individual cancers there

were different associations between socio-economic indicators. For example,
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there were survival differences by the car access indicator for five cancer types
(lung, colorectal, bladder, cervix/uterus and ovarian), whereas the housing
tenure showed survival differences for six cancers (lung, colorectal, breast,
bladder, leukaemia, ovarian). Where there was an association, all indicators
showed poorer survival with lower socio-economic status. This again highlights
the importance of using different measures of socio-economic circumstances. In
a large population-based study in Belgium, Hagedoorn et al. (2018) reported an
association between individual socio-economic position and cancer mortality.
Compared to individuals of high socio-economic position, all-cancer mortality
was significantly higher among individuals who were primary educated, non-
working and those living in low quality housing. Furthermore, individuals living in
the most deprived neighbourhoods had significantly higher mortality for all-
cancer, lung cancer and pancreatic cancer among men and women and for
female colorectal cancer compared to individuals living in the least deprived

neighbourhoods after controlling for individual socio-economic position.

2.3.6 Social variations in colorectal cancer

Incidence

The relationship between socio-economic deprivation and colorectal cancer is
less clear than that for all-cancers combined and other common cancer types.
Findings from studies investigating the association between socio-economic
deprivation and colorectal cancer incidence have been inconsistent. In the
1980s, risk of colorectal cancer was higher among more affluent populations in
Europe (Faggiano et al., 1997; Kogevinas and Porta, 1997), however, by the
end of the decade no association between deprivation and colorectal cancer
incidence was evident in England, based on area-based measures (Pollock and
Vickers, 1997). In the early 1990s, a small excess of rectal cancers in men only
was reported in more deprived groups in England and Wales (Quinn et al.,
2001) and since then an association between increasing levels of area
deprivation and colorectal cancer incidence in men has become clearer in
England and Wales (National Cancer Intelligence Network, 2014) and Scotland
(Oliphant et al., 2011). No similar association was reported among women.
Recently, an emerging socio-economic gradient in colorectal cancer among
women has been reported in Scotland (Tweed et al., 2018). In light of the

apparent shift in the relationship between socio-economic deprivation and
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colorectal cancer incidence, continued monitoring is needed to see how the
pattern is changing. These studies will be explored in more detail in Chapter 5
in relation to the analysis of colorectal cancer incidence in the ONS Longitudinal
Study.

Mortality

There is evidence of an association between colorectal cancer mortality in
England, whereby mortality rates are higher among people living in the most
deprived areas. Using the census-based Townsend deprivation score, Pollock
and Vickers (1997) found higher mortality among the most deprived groups in
the south of England. Based on another area-based measure of deprivation
(IMD), the National Cancer Intelligence Network (2014) also reported higher
mortality rates among people living in the most deprived areas compared with
the least deprived areas, although the association was small for females. Higher
mortality from colorectal cancer among lower socio-economic groups (both
among men and women) has also been reported in European populations
(measured using educational level) (Menvielle et al., 2008) and in the US
(Steenland et al., 2004; Singh et al., 2011). The relationship between
deprivation and colorectal cancer in England will be explored further in Chapter
4.

There is a strong body of evidence for an association between socio-economic
deprivation and colorectal cancer survival. Significantly lower survival rates
have been reported among colorectal cancer patients living in the most
deprived areas compared to the least deprived areas in England (Pollock and
Vickers, 1997). In a large, cancer registry based study of patients in England
and Wales, the deprivation gap in 5-year survival for patients diagnosed during
1996-1999 was 6% and 7% for male and female colon cancer respectively and
9% and 8% for male and female rectal cancer respectively (Mitry et al., 2008a;
Mitry et al., 2008b). Survival from colon and rectal cancer increased during the
1990s but improvements in survival were notably faster among patients in the
least deprived areas and as a result the deprivation gap in 5-year survival
became significantly steeper (Coleman et al., 2004). More recent studies of
colorectal cancer patients in England have reported similar differences in
survival between the least and most deprived groups determined using the IMD
(Mgaller et al., 2012; Syriopoulou et al., 2019). Interestingly, Moller et al. (2012)
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found that the excess mortality in the socio-economic deprived groups was a
short-term phenomenon, most evident in the first month of follow-up and after
that largely within the first year after diagnosis for colon cancer and two years
for rectal cancer. Higher survival differences in the early period of follow-up
have been reported in other studies (Ellis et al., 2012; Syriopoulou et al., 2019;
Belot et al., 2019). Socio-economic disparities in survival have been found to
vary by stage, however, with differences remaining over time in stages 2 and 3
for colon cancer and stage 2 for rectal cancer (Kajiwara Saito et al., 2021).
These studies will be discussed in more detail in relation to the survival analysis

conducted in Chapter 5.

Removing cancer-related inequalities in survival would result in a substantial
gain in life years (Syriopoulou et al., 2019) and an estimated annual reduction of
nearly 700 deaths in England (Mgller et al., 2012). This highlights the

importance of efforts to eliminate these differences.

Similar socio-economic patterns in colorectal cancer survival have been found
in other developed countries. In Australia, people from remote and more
disadvantaged areas had lower survival than those living in major cities and the
least disadvantaged areas after adjustment for cancer stage and individual-level
characteristics (Baade et al., 2013). Recent research investigating variations in
survival from colorectal cancer in New Zealand found differences in risk of
death by ethnicity and deprivation but no difference in risk of death by rurality
(Sharples et al., 2018).

Worse survival among colorectal cancer patients in the least deprived groups
may reflect socio-economic differences in stage at diagnosis, co-morbidities,

lifestyle, treatment and participation in screening.
Stage at diagnosis

The stage of the cancer at the time of diagnosis is the prognostic variable most
commonly thought to explain differences in cancer survival between subgroups
of the population. However, evidence from studies investigating the contribution
of stage at diagnosis to socio-economic variation in survival has been
inconsistent. Some studies have reported a major role of stage (lonescu et al.,
1998; Lejeune et al., 2010), while others have determined that stage has little or

no influence (Schrijvers et al., 1995; Hole, D J; McArdle, 2002). In a review,
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Woods et al. (2006) concluded that while differences between socio-economic
groups in the stage of disease at diagnosis explain at least part of the
differentials in survival, the deprivation gap in survival may also be associated
with factors such as access to optimal treatment, patient lifestyles and health-
seeking behaviours and provision of other health care services. Thus, the
current emphasis on stage at diagnosis is likely to be too simplistic to explain

these inequalities.
Co-morbidity

The influence of health status on survival has been less widely studied. There is
evidence that variation in co-morbidity could contribute to differences in
mortality between socio-economic groups (Aarts et al., 2010). In a study of
colorectal cancer survival in the South West of England, patients living in more
deprived areas had worse health on presentation and this partly explained the
deprivation gradient in all-cause survival (non-colorectal cancer deaths), but
was not associated with cause-specific survival (colorectal cancer deaths)
(Wrigley, 2003). The recording of comorbidity and stage information is often
incomplete, particularly in patients with a short survival time, which should be

taken into consideration in statistical analysis.
Health care factors

Factors related to the health care system may contribute to differences in
survival, whereby patients in different socio-economic groups receive different
treatments or have different treatment preferences (Aarts et al., 2010). In a
large study of patients in South East England, residents of deprived areas with
colorectal, lung or breast cancer were more likely to be admitted to hospital as
emergencies than those from more affluent areas (Pollock and Vickers, 1998).
Patients from deprived areas with lung or breast cancers were also less likely to
receive surgical treatment (Pollock and Vickers, 1998). In an analysis of
colorectal cancer patient records from three cancer registries in the UK,
deprived patients (based on area-level socio-economic information) had poorer
survival, were less likely to receive any treatment within 6 months and, if
treated, were more likely to receive late treatment, compared to more affluent
patients. Notably, the socio-economic gradient was substantially reduced
among patients who received early treatment, even after taking account of

differences in age at diagnosis and tumour stage (Lejeune et al., 2010).
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Variation in the type of treatment received for rectal cancers by socio-economic
group has also been reported (Morris et al., 2008). It is difficult to disentangle
cause and effect when investigating the association between treatment and
cancer survival because stage and comorbidity both strongly influence clinical

decisions regarding treatment options.
Screening

Participation in national screening programmes may also contribute to survival
differentials among socio-economic groups. In a cross-sectional analysis of
colorectal cancer screening uptake data for the first 28 months of the national
Bowel Cancer Screening Programme (BCSP), a strong gradient by deprivation
was observed, ranging from 35% in the most deprived areas to 61% in the least
deprived areas (von Wagner et al., 2011). This is in line with earlier findings
from a randomised control trial in which people in more deprived areas were
less likely to accept an invitation to be screened (Whynes et al., 2003). A more
recent study of participation in the English Bowel Scope Screening programme
also found a clear socio-economic gradient in uptake (McGregor et al., 2016).

Individual and area-level socio-economic status has also been associated with
uptake of colorectal cancer screening in international studies. Low household
income (Bernardo et al., 2018) and lack of health insurance (Davis et al., 2017;
Bernardo et al., 2018) were associated with lower odds of colorectal cancer
testing, whereas people living in an urban area had higher odds of colorectal
cancer screening (Davis et al., 2017). Increasing area-level deprivation was
associated with lower levels of screening (Pornet et al., 2010; Davis et al.,
2017) whilst Buron et al. (2017) found uptake was lower in the most and least
deprived quintiles and highest in the intermediate quintiles in a study in

Barcelona.

Patient characteristics such as lifestyle and health-related behaviours also
influence cancer risk and outcomes, directly and indirectly by interacting with
treatment decisions. These factors will be discussed in more detail in the next

section.
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2.3.7 Lifestyle and health behaviours

General health

Non-communicable diseases such as cardiovascular disease, diabetes,
respiratory diseases and cancer, represent major causes of disability and death
globally (GBD 2019 Diseases and Injuries Collaborators, 2020). Several known
risk factors for these chronic diseases are modifiable including smoking
behaviour, diet, alcohol consumption, body weight and physical activity (GBD
2010 Diseases and Injuries Collaborators, 2012). These risk factors are leading
contributors to ill health and premature death worldwide (Ezzati and Riboli,
2013).

The prevalence of these risk factors varies both socially and spatially. Lifestyle
risk factors are unequally distributed in the population and associated with
income, social class, education and measures of deprivation (NHS Digital,
2019). Behaviours that adversely affect health and risk of disease are more
common in the most disadvantaged groups. Furthermore, these groups are
more likely to engage in more than one risky behaviour (Khaw et al., 2008).
Research using a large European cohort study has shown that having multiple
risk factors contributes to greater ill health (Fransen et al., 2014) and likelihood
of premature death (Khaw et al., 2008).

The distribution of lifestyle risk factors in the population of England has changed
over time. A study by the King’s Fund (Buck and Frosini, 2012) found that while
there was a significant reduction in the overall proportion of the population that
engages in multiple unhealthy behaviours, these reductions were mainly among
people in higher socio-economic and educational groups. Therefore, the
poorest and those with lowest levels of education will benefit the least from

resultant improvement in health, leading to widening inequalities.

Spatial variations in lifestyle risk factors can manifest as a result of
compositional factors (more deprived socio-economic groups in some areas)
and contextual factors, such as aspects of the physical and built environment
that may influence health behaviours. These contextual factors will be explored

in more detail in Chapter 6.
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Cancer

It is estimated that 40% of cancer cases in the UK are a result of exposure to
modifiable risk factors (Brown et al., 2018). Smoking is the leading risk factor for
cancer in the UK, followed by overweight and obesity. Lung cancer, colorectal
cancer, melanoma skin cancer and breast cancer account for nearly two-thirds

of all preventable cancer cases in the UK (Brown et al., 2018).

A number of risk factors are associated with colorectal cancer. The International
Agency for Research on Cancer and World Cancer Research Fund classify the
following factors as having ‘sufficient’ or ‘convincing’ evidence of a causal
association with colorectal cancer risk: cigarette smoking, alcoholic drinks, body
fatness/BMI, processed meat, insufficient dietary fibre, and insufficient physical
activity (Lauby-Secretan et al., 2016; World Cancer Research Fund, 2018;

International Agency for Research on Cancer, 2021).

It is estimated that over 50% of colorectal cancer cases in the UK are linked to
preventable risk factors (Brown et al., 2018; Goon et al., 2021). The latest
research estimates that preventable cases could be as high as 67% of cases in
men and 60% of cases in women (Goon et al., 2021). Again, there are spatial
and social variations. Differences in the proportion of all cancer cases attributed
to modifiable risk factors have been observed between countries in the UK
(Brown et al., Goon et al.). This is likely to be due to demographic differences,
such as levels of socio-economic deprivation, which are associated with
differences in health behaviours, such as rates of tobacco smoking.
Furthermore, many lifestyle ‘choices’ are driven by environmental and social
factors, such as cost, access to healthy food, and nutritional knowledge.
Exposure to these factors varies by socio-economic position. A healthy diet is
generally more expensive than one high in energy dense, nutrient poor foods
(Morris et al., 2014). Furthermore, there may be a lack of healthy food options in
disadvantaged areas. For example, the availability of fast food outlets is greater
in more deprived areas (Fraser et al., 2010). Environmental factors will be

explored in more detail in Chapter 6.
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Other individual factors

There are other individual demographic factors that influence colorectal cancer
risk. Old age is the main risk factor for cancer, therefore the age structure of the
population should be taken into account when comparing rates between
different areas. Rates of colorectal cancer incidence and mortality are higher in
males compared to females. Colorectal cancer is more common in people of
White ethnicity than in those of Asian or Black ethnicity (National Cancer
Intelligence Network, 2009).

While not a focus of this research, it should be noted that family history and
certain hereditary conditions increase an individual’s risk of developing

colorectal cancer (Fearnhead et al., 2002).

2.3.8 Summary and context

There are spatial and social gradients in health. These gradients are found in
general health and specific morbidities such as cardiovascular disease,
respiratory disease, diabetes and cancer - both overall and for many cancer
types. The pattern for colorectal cancer is, however, less clear. There is strong
evidence of an association between socio-economic deprivation and colorectal
cancer survival, whereby patients in the most deprived areas have poorer
survival than those in the least deprived areas. Similarly, colorectal cancer
mortality rates are higher among those in the most deprived areas, compared to

the least deprived areas.

The mechanisms to explain the relationship between socio-economic
deprivation and cancer survival are complex and not well understood. While
there is some evidence that stage at diagnosis and access to treatment play a
part, other factors such as lifestyle, health-behaviours, co-morbidity and other
health-care factors may also influence the deprivation gap in survival. The
evidence for an association between colorectal cancer incidence and socio-
economic deprivation is less clear. There is emerging evidence of a social
gradient in colorectal cancer incidence in both men and women, but previous
findings have been inconsistent. Continued monitoring of the relationship
between socio-economic deprivation and colorectal cancer incidence is needed
to understand whether these patterns are changing. Chapter 5 of this thesis

examines the association between socioeconomic deprivation and colorectal
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cancer incidence and survival using both individual-level and area-based

indicators for a more up-to-date cohort of the population.

Geographic variations in colorectal cancer incidence and survival have also
been reported at regional level, although they are not as marked as those for
all-cancers combined and lung cancer. More detailed analysis using smaller
geographic units is required to better understand these variations. Colorectal
cancer mortality rates are examined at Local Authority level in Chapter 4 of this
thesis. The role of the local environment in influencing health outcomes is
increasingly being recognised. Features of the local environment are
considered in the context of colorectal cancer outcomes in Chapter 6 of this

thesis.

It is clear from the review of evidence that place matters for health. Health
varies both between different areas and between social groups within areas.
Furthermore, the steepness of the social gradient varies by area so it is
important to consider social variations within a geographic context. Geographic
scale is also important to understand the level at which inequalities operate.
While much of the previous research has been at regional level this may mask
variations at smaller geographic units which are important for targeting public
health interventions. A range of different measures of socio-economic status
have been used, both individual and area-based, to study the association with
health outcomes. This is important to understand the different aspects of socio-
economic deprivation that may influence health. Finally, monitoring of trends
over time is required to understand how patterns are changing. There is
evidence that inequalities in health are widening so it remains a vital area of
research. An updated picture of trends in colorectal cancer is needed to see
how patterns compare to those for other cancers and general health and

mortality.

This thesis will examine the spatial and social variations in colorectal cancer
incidence, survival and mortality in England and Wales by both individual and
area-based measures of socio-economic status and area type over time
according the objectives outlined in Chapter 1 section 1.6. The next chapter will
outline the available data sources and how they can be used to address these

aims.
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Chapter 3
Data and Methods

3.1 Overview

The aims and objectives of the thesis were outlined in Chapter 1 section 1.6.
The existing literature in this area was reviewed in Chapter 2 and some gaps in
knowledge were identified. This chapter will appraise the existing data sources
available for conducting research to address these aims and objectives.

Appropriate methods to analyse these types of data will then be considered.

3.2 Data

No one single data set can provide all the information required to meet the aims
and objectives of this thesis, therefore a range of data sources were
considered. The types of data sources included traditional cancer registries and

death registries, cohort studies and novel data repositories.

An initial data audit was carried out to assess the suitability of different data
sources to meet the aims and objectives of the thesis and to assess what

information they could provide and gaps in knowledge they could fill (Table 3.1).
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1,176 CRC deaths
(as of Sept. 2016)

Geographic Individual | Areg | Lifestyle | Treatment
Data set Coverage Time period | Sample size Data Type Outcome
Scale SES Types | |nfo. Info.
Mortality | Cn9land & 1) o 1990-2012 | 341,234 CRC Cross Mortality x v x x
Wales deaths sectional
14,400 CRC cases Incidence
ONS LS England & | - gion 1971-2011 Longitudinal v v x x
Wales (as of April 2015) Survival
Incidence
CORECT-R | England | LSOA 1997-201 | 600000 CRC Longitudinal x v x v
cases Survival
UK
’ - 491 CRC cases Incidence
Women's Gr.ea.t Region 1995 Longitudinal v v v x
Cohort Britain Present (as of Dec. 2013) Survival
Study
2,284 prevalent
cases
Great 2010- 2,275 incident Incidence
' ? itudi v v v X
UK Biobank Britain LSOA? Present cases Longitudinal Survival

Table 3.1 Data audit summary




37

Three different data sets were selected and used in the subsequent analysis
chapters (Chapter 4-6): ONS mortality data, the ONS Longitudinal Study and
the COIoRECTal cancer data Repository (CORECT-R), respectively. Access to
other data sets, including the UK Women’s Cohort Study and UK Biobank, were
explored but these were not pursued due to limitations with the sample sizes
and geographic coverage, data access processes and costs. Potential future
avenues of research, linking data sets used in this thesis to new data sources,
such as consumer data and data from the Bowel Cancer Screening

Programme, will be considered in later discussions.

The following sections outline the data sources used in the thesis in terms of the
geographic coverage of the data, the geographic detail they provide, the time
period they cover, the variables they contain and the sample sizes available.
The pros and cons of each data set for this type of research will be considered.
The application process to obtain data from each source is also outlined. The
diagram in Figure 3.1 illustrates the different dimensions each data set
contributes to.

A theme running throughout the thesis will be the use of area types to
investigate variation in colorectal cancer. Different types of area-based
classifications are also described in this section along with the definitions of
spatial measures used in the analysis.



38

Longitudinal
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Mortality
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attributes

Small-area Linked
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Figure 3.1 Summary of thesis research data sets
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3.2.1 ONS Mortality statistics
Mortality statistics for England and Wales are compiled by the ONS from

information supplied when deaths are certified and registered as part of the civil
registration process, which is a legal requirement. The figures represent the
number of deaths registered in a calendar year (rather than the number of
deaths that actually occurred in that period). The majority of deaths are
registered within 5 days of the date of death, but there are some situations that
result in the registration of the death being delayed, such as deaths that are
reported to a coroner. Therefore some deaths will not be registered in the same
calendar year in which they occurred. Furthermore, where there was an inquest
or post mortem, the cause of death may be amended. Deaths due to cancer
rarely require an inquest, so there is little delay in death registration. Therefore
death statistics based on registration year provide an accurate picture of cancer
mortality trends (Office for National Statistics, 2018).

The dataset contains mortality statistics for England and Wales broken down by
calendar year of registration, age, sex, underlying cause of death and area of
usual residence of the deceased. Cause of death information is coded using the
World Health Organisation (WHO) International Classification of Diseases and

Related Health Problems (ICD) coding system, Version 9 and 10.

Annual mortality statistics for England and Wales were obtained via the UK
Data Service (UKDS) for the time period 1990 to 2012 at Local Authority (LA)
level. Rules for accessing death registration data changed post 2012 and a new
application to UKDS is required for secure access to individual death
registration records for the most recent years of data. Mortality statistics for the
period 2013-2020 are published on NomisWeb (Nomis, 2021a), however, these
data contain supressed counts so are not usable for analysis of deaths by
specific causes for which the pre-aggregated counts of deaths are small when
split by age group and geographic area. An application has been made to
UKDS to access individual-level death registration data up to 2018 (see

Appendix B).

The advantages of this data source for analysis of colorectal cancer mortality
trends is that it includes all deaths occurring in England and Wales over a long

time period. The data is of high quality as it is a legal requirement to register a
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death so there is very little missing data. Area types can be appended to the
data, but the geographic level at which the linkages can be performed depends
on the granularity at which the data is released. A limitation of the data set is the
geographic detail, which for colorectal cancer deaths is currently Local Authority
level due to small number suppression in the publicly-available data for more
detailed geographic units. Furthermore, the timeliness of the data is restricted
due to issues in obtaining access to individual-level death registration records
(which is discussed further in Chapter 7).

Colorectal cancer mortality trends in comparison to mortality by all cancers are
examined in Chapter 4. The analysis will provide an understanding of all deaths

in England and Wales, but is limited to a LA level.

3.2.2 ONS Longitudinal Study
The ONS Longitudinal Study (LS) was set up in 1974 with the initial sample

drawn from the resident population enumerated at the 1971 Census (Hattersley
et al., 1995). Selection into the LS is by birth date. Four undisclosed dates of
birth were used to select a random, 1 per cent sample of the population of
England and Wales. The study is a continuous, multi-cohort study with
subsequent samples drawn at each census, based on the same selection
criteria, and linked into the study. Between censuses, new members enter the
study via birth on an LS birth date or by immigration (if born on an LS birth date)
and existing members exit the study through death or emigration. The original
sample size of the LS was over 500,000 and has remained consistently high
over time. Data for approximately 1.1 million individuals has been collected over
the 40 years of the LS (Shelton et al., 2018).

The LS contains census records of sample members and life events data,
linked between five successive censuses (1971, 1981, 1991, 2001 and 2011).
Census information is also available for people living in the same household as
an LS member. Administrative data routinely collected by ONS is linked to LS
members via the National Health Service Central Register (NHSCR). Events
linked to LS member’s include enlistments into the Armed Forces,
embarkations, re-entries to the NHS from enlistment or embarkation,
immigration, new births, live and still births to sample mothers, widowhoods,

deaths and cancer registrations.
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The LS is maintained and updated by the ONS. The LS data are available to
anyone in the UK who has obtained ONS Accredited Researcher status via the
ONS Approved Researcher Scheme (Office for National Statistics, 2021a). The
application process involves submitting a research project application which is
reviewed by the Data Owner, LS Research Board and Research Accreditation
Panel. The data can be accessed through the Secure Research Service (SRS)
safe setting rooms at ONS offices in London, Newport and Titchfield. Outputs
are released to researchers through an output clearance process. Information
and support for UK-based researchers is provide by the Centre for Longitudinal
Study Information and User Support (CeLSIUS) (University College London,
2021a).

| successfully completed Safe User of Research data Environments (SURE)
training and obtained ONS Accredited Researcher status in April 2018. An
application to use the ONS LS to investigate variations in colorectal cancer
registrations and survival by socio-economic group was approved in September
2018 (see Appendix C).

An advantage of the LS is that it contains a large, representative sample of the
population of England and Wales. Individual-level indicators of socio-economic
status from the census are available for LS members, which are not collected
by cancer registries. Additional area-based attributes can be appended to the
LS data using the LS members’ postcode, although an additional x-file request
is required for the ONS to perform these linkages. The area groupings are
returned but the postcode data is not released. As the LS is only a 1% sample
of the population of England and Wales, disclosure controls, to ensure
individuals within the data set are not identifiable, may limit the number and
level of geographic identifiers which are appended to the data. In this case,

regional level geographies only were appended to the LS data.

In summary, the LS provides a rich, longitudinal sample for a subset of the
population of England and Wales with more granular socio-economic
information and detailed area type groupings. The longitudinal nature of the
data allows for time-to-event analysis to be performed which is not possible
using cross-sectional data. These data and methods are used to analyse

colorectal cancer diagnoses and deaths to LS members in Chapter 5.
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3.2.3 CORECT-R
The COIoRECTal cancer data Repository (CORECT-R) is a single research

repository for colorectal cancer data (Downing et al., 2021). The resource
contains multiple linked data sets which provide information on many aspects of
the patient pathway from initial cancer diagnosis, treatments received and
subsequent outcomes. Data sources within CORECT-R include routine
administrative datasets such as national cancer registry data curated by the
National Cancer Registration and Analysis Service (NCRAS) in England,
inpatient and outpatient activity data provided by Hospital Episode Statistics
(HES) data and mortality data from the ONS. CORECT-R also facilities linkage
to colorectal cancer research studies, such as clinical trials, cohort studies and
surveys, and biobanks containing biological samples. The information within the
repository will be refreshed annually.

At present, the database contains information on all individuals diagnosed with
colorectal and anal cancer in England between January 1997 and December
2018. This includes information on more than 600,000 cases of the disease.
CORECT-R is a new data source, established in 2018, and expansion of the

resource to cover the whole of the UK is currently under way.

CORECT-R has been developed by the UK Colorectal Cancer Intelligence Hub,
a Cancer Research UK funded collaboration between academics, clinical
experts, patients and the public (UK Colorectal Cancer Intelligence Hub, 2021).
Access to the CORECT-R resource is managed by the UK Colorectal Cancer
Intelligence Hub team. The application process involves the development of a
project protocol that describes the information required and sets out the study
objectives. Access to the data with CORECT-R is free to academic researchers
with the necessary regulatory approvals. The data is held in a secure Trusted
Research Environment (TRE), an analytical area that, following both project and
user approval, is accessed via two-factor authentication and a virtual desktop.
An application to use data held with CORECT-R was approved in April 2021
(see Appendix D).

The strengths of the CORECT-R data set are the timeliness of the data and
large sample size, containing all colorectal cancer diagnoses in England.
Additionally, area-level information can be linked (at source) using the patient’s
postcode of residence at diagnosis, including administrative geographies and
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area types. Small-area geographic units (Lower Layer Super Output Areas) are
available, which is more detail than provided by the other data sets. A limitation
of the CORECT-R data is that the coverage is currently only England and it

does not contain any individual-level socio-economic information about cancer

patients.

In summary, CORECT-R is a new resource for colorectal cancer research
which contains a wider variety of datasets, linked for all patients in England. It is
used to analyse colorectal cancer incidence by local area in Chapter 7.

3.2.4 Area data

The data sources noted above can be used in conjunction with area data and
over a variety of time frames. First below, | specify what geographical scales will
be used (alongside notes on geographies from the literature which are not
used). Then, | note the sources of area attribute data used before describing the
types of derived measures incorporated which use area variables as inputs.
Finally, | provide some detail on the spatial and statistical measures used for
analyses. The information below will be expanded on in the relevant empirical
chapter and in later discussions.

3.2.4.1 Geographies

A range of administrative and health geographies are referenced within this
thesis (Office for National Statistics, 2021e).

Local Authorities

Local Authorities (LA) are administrative geographies made up of unitary
authorities, metropolitan and non-metropolitan districts and London boroughs in
England and unitary authorities in Wales. There are a total of 348 LAs in

England and Wales.

LAs were used in the geographic analysis of colorectal cancer mortality in
Chapter 4. While we might expect to see more variation between smaller
geographic units (as there is less heterogeneity in the demographics of the
population within each small area, but more heterogeneity between areas), LAs
are the geographic units at which Public Health is administered in England.

Furthermore, it not always possible to get data for smaller geographic units due
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to the need to protect confidentiality. The balance between geographic detail

and confidentiality is discussed further in Section 7.4.1.
Lower Layer Super Output Areas

LSOAs are small areas designed to be of a similar population size, with an
average of approximately 1,500 residents or 650 households. They are
produced by the ONS for the reporting of small area statistics. There are 32,844
LSOAs in England.

LSOAs are used in Chapter 7 to append additional information to the cancer
reqgistry data. These were the smallest geographic units that could be linked to
the data. Small geographic units (LSOAs) were used to represent a patients
local area, however, the use of administrative boundaries, while often used due
to availability of data does have limitations in terms of their relevance to the
definitions of neighbourhoods. The uncertainty around geographic context for

research studies is discussed further in Section 7.4 .4.
Health geographies

Currently, health geography in England comprises 7 NHS England Regions,
within which there are 42 Sustainability and Transformation Partnerships and 21
Cancer Alliances. At the primary care level, there are 135 Clinical
Commissioning Groups. However, over time, the health geographies defined by
the NHS have changed frequently with different political regimes (Smith et al.,
2001) and it would be distracting at this point to include comprehensive detail.

These changes make direct comparison of results in the literature difficult.

3.2.4.2 Sources

Census data

A census of all people and households in England and Wales takes place every
10 years. The most recent census was on 21 March 2021. A large amount of
demographic and socio-economic data is gathered at each census including
information about education, employment, marital status, housing tenure and
household composition. Questions asked on the census have changed over
time. For example, questions about ethnicity and self-reported limiting long-term

illness were introduced in the 1991 Census. Aggregate results of the census are
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published for a range of census geographies. Area census data can be linked to

the individual records of LS members.

Colorectal cancer registrations linked to LS members and survival by individual
indicators of socio-economic status from the census are analysed in Chapter 5.
Census variables are also used as inputs to the Townsend Deprivation Index

described below and used in Chapter 4 and 5.
Population estimates

Annual mid-year population estimates are available from the ONS for a range of
geographies. The data contains population estimates by year, age and sex for
each area. Mid-year population estimates relate to the usually resident
population on 30 June of each year. Annual population estimates for LAs are
used in Chapter 4 and for LSOAs in Chapter 7 when calculating colorectal

cancer mortality and incidence rates, respectively.
Access to Healthy Assets and Hazards (AHAH) index

The Access to Healthy Assets and Hazards (AHAH) index is an open-access
multi-dimensional index of the accessibility to health-related features of the
environment for small areas (LSOAs) across Great Britain (Green et al., 2018).
The overall index is made up of four domains of accessibility: retail outlets,
health services, air quality and natural environment domain. Each domain

contains a series of measures of health-related features of neighbourhoods.

As reported in Green et al. (2018), the index utilises a range of nationally
extensive data sources to create the health-related indicators. Data on retail
outlets (gambling outlets, fast food outlets, pubs/bars/nightclubs, off licences
and tobacconists) and leisure facilities were acquired from the Local Data
Company (LDC). The location of health services (GP surgeries, A&E hospitals,
dentists, pharmacies) were obtained from NHS Digital. For all postcodes in
Great Britain, the road network distance to the nearest of each service was
calculated. Open data from Ordnance Survey was used create two variables
related to the distance to the nearest green space and the total green space
areas available to each postcode within a 900-meter buffer range. A key part of
this definition was that green space needed to be available to the public (i.e. not
private land). Blue space locations such as beaches were acquired from

OpenStreetMap and mainland water bodies (e.g. lakes and rivers) were
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sourced from the European Settlement Map. Measures of air quality were
calculated from data provided by DEFRA. Data for all indicators was from 2016.
The data was aggregated (by taking the mean) to small geographical areas
(2011 LSOAs for England and Wales and 2011 Data Zones for Scotland).

This source is used as an input in this thesis, though it contains derived
measures, and as such there is some overlap with the next section. It is
included here as it is a data source for the analysis in Chapter 6. A range of the
individual indicators of the AHAH index relevant to colorectal cancer were used

in Chapter 6 as inputs to derive area-based measures of colorectal cancer risk.

3.2.4.3 Derived area measures

Deprivation Indices

Several methods exist to measure the level of deprivation in an area. The
release of small area statistics from the census enabled the development of
deprivation indices (composite measures of socio-economic deprivation), which
have facilitated research into the relationship between area-level socio-
economic deprivation and health outcomes. Early work using this approach by
(Townsend et al., 1988) and (Carstairs and Morris, 1991) provided evidence for
the link between area deprivation and mortality. The small area approach also
allowed for the investigation of inequalities in health beyond measuring
differences in mortality and using the traditional measure of social class. For
example, using postcode units to link records to an area enabled health
information such as that from cancer registries to be interrogated (Townsend et
al., 1988).

The Carstairs Index and the Townsend Index are census-based indices derived
from a selection of census variables that are combined to create a single
measure of the relative deprivation of an area. They can be calculated at
different geographic scales, provided that census data is available. A
comparable measure can be calculated for other countries if similar census
variables are available. The Townsend Index is preferred over the Carstairs
Index in this thesis as the input variables are more consistent in definition and in

their availability over time.

The Townsend Index is constructed from four census variables: households

without a car, overcrowded households, households not owner-occupied and
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person’s unemployed. Each variable is divided by the appropriate count of
persons or households to obtain a percentage. The unemployment and
overcrowding variables tend to be positively skewed so the percentages are
log-transformed in order to normalise the values. All four input variables are
then standardised using a z-score. The Townsend index is then calculated by
summing the four z-scores to obtain a single value. Positive values of the index
indicate more deprived areas, relative to the reference area, whereas negative
values indicate relative affluence. A score of zero represents an area with mean

values.

Townsend scores were used in the analysis of colorectal cancer mortality trends
in Chapter 4 and appended to LS member records in Chapter 5. The limitations
of the Townsend Index are discussed in more detail in section 4.7.3.

The approach to measuring area-level deprivation is the subject of much
debate, regarding the appropriate geographical scale, the selection of variables
and the methods used to combine them into a single measure. Census
variables provide consistent measures that are available for the entire
population, however, the use of census variables some constraints on the ability
to capture all aspects of disadvantage. More recently, the availability of
administrative data from government departments at small-area level has led to
the construction of new measures of disadvantage based on different variables.
The benefit of using administrative data is that it is available more regularly and

recently than census data, collected only once every ten years.

The English Index of Multiple Deprivation (IMD) is a measure of relative
deprivation for small-areas (LSOAs) in England in which areas are ranked from
most to least deprived (Ministry of Housing Communities and Local
Government, 2019). It combines information from seven domains of deprivation
into a single measure according to their corresponding weights: Income
deprivation (22.5%); Employment deprivation (22.5%); Education, skills and
training deprivation (13.5%); Health deprivation and disability (13.5%); Crime
(9.3%); Barriers to housing and services (9.3%); Living environment deprivation
(9.3%). Each country in the UK produces its own version of the IMD, therefore it
is not possible to make direct comparisons between the indices. For this reason
the IMD was not an appropriate measure of area deprivation to use in Chapter 4

to analyse mortality trends in England and Wales. In addition, the incorporation
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of a health domain in the IMD may over emphasise the relationship between
deprivation and health, so the income domain alone is commonly used in health

research.

While different approaches have been taken there are strong correlations
between different deprivation measures, including between Townsend and IMD
(Norman, 2010). Most measures are calculated cross-sectionally, however,
recently measures of deprivation over time have been constructed, which allow
the impact of changes in area-deprivation on health outcomes to be

investigated (Norman and Riva, 2012).
Population density categories

Rurality of areas was defined by population density. A population density
variable is derived by ONS using the number of persons from the census and
area in hectares from the GIS Shapefile (Nomis, 2013).

The groupings developed by the Organisation for Economic Co-operation and
Development (OECD, 1994) were used to assign a rural-urban category to each
LSOA based on an approximation of the persons per hectare within each
category (Table 3.2).

Population density Description Persons per hectare
category

1 Most urban >33

2 Very urban 26-33

3 Urban 13-26

4 Rural 1-13

5 Most rural <1

Table 3.2 Population density categories

These population density categories are used in Chapter 4 to examine mortality
trends by rurality and in Chapter 6 to control for rurality when modelling cancer
incidence by area types.
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3.3 Methods

Appropriate methods that | considered for analysing the types of data sets
outlined above are described here. There is some cross-over of methods
between the analysis chapters (Chapters 4, 5 & 6). The general methods are
described here but how they are applied to the specific data sets and how they

are interpreted is explained in the relevant chapter.
3.3.1 Statistical methods

3.3.1.1 Rates

Crude rates are calculated by dividing the number of cancer cases (incidence)
or number of deaths (mortality) by the population at risk. Colorectal cancer
incidence and mortality is strongly related to age, therefore comparing crude
rates between two or more populations or time periods could be misleading
because the populations being compared may have different age structures.
Methods that control for differences in the age structure of populations are

therefore required in this context.

Standardisation is a set of techniques used to overcome the effects of
confounding variables when comparing summary measures across populations
(Schoenbach and Rosamond, 2000). There are two methods of standardisation
commonly used in epidemiological studies: direct and indirect standardisation.
For direct standardisation the observed age-specific rates of each study
population are applied to the age distribution of a given standard population.
This produces age-standardised rates that the study population would have
experienced if they had the same age distribution as the standard population.
This method requires that age-specific rates are available for all the populations
being studied. In the indirect method, rather than taking a single population
structure as standard and applying sets of rates to it, a set of age-specific rates
from a standard population is applied to each of the populations being
compared to calculate standardised incidence or mortality ratios. This method is
commonly used when age-specific rates are unavailable as it only requires the
total number of cases or deaths and the age structure of the study population to

be known.
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Directly standardised rates can be readily compared to each other and to the
standard population because they are all based on the same set of weights (the
age distribution of the standard population). Comparison of indirectly
standardised rates is more difficult as the weights applied to the standard age-
specific rates depend on the age structure of the study population. If there are
large differences in age-structure between the standard populations the SMRs
calculated would be based on different weights and not comparable. Indirect
standardisation is, however, preferable when there are small numbers in
particular age groups. In this case, age-specific rate estimates from the direct

method will be unstable.

The direct method of standardisation was preferred over the indirect method in
Chapter 4 to allow for valid comparisons to be made between geographical
areas and over time. The mortality and population data was split by age group
so it was possible to calculate age-specific mortality rates. Similarly, in Chapter
7, direct standardisation was used to calculate incidence rates to allow for

comparison across area types.

Directly age-standardised rates were generated using the 2013 European
Standard Population (ESP). This is a hypothetical population and assumes the
age structure is the same in both sexes, therefore allowing comparisons to be
made between the sexes as well as between geographical areas. The ESP was
first introduced in 1976 and has been revised by the statistical office of the
European Union (Eurostat) taking into account changes in the age-structure of
the population that occurred in the European Union member states since the
mid-1970s (Eurostat, 2013).

3.3.1.2 Logistic regression

Binary logistic regression is used when predicting an outcome that has only two
possible values. Binary logistic regression was used in Chapter 7 to investigate
variation in stage at diagnosis by neighbourhood characteristics. For this

analysis, colorectal cancer patients were dichotomised into early stage (Stage 1

and 2) and late stage (Stage 3 and 4) cases.
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3.3.1.3 Time-to-event analysis

Time-to-event analysis is used to investigate the time it takes for an event of
interest to occur. This approach accounts for individuals who do not experience
the event during the study follow-up period and for whom survival times are
unknown. This feature is known as censoring and may arise if: an individual has
not experienced the event of interest within the study time period; an individual
is lost to follow-up during the study period; an individual experiences a different

event that makes further follow-up impossible (Clark et al., 2003).

Survival data are described and modelled using two related properties: the
survival probability and the hazard probability (Clark et al., 2003). The survival
probability, also known as the survivor function S(t), is the probability that an
individual survives from the time of origin to a specified future time t. The
hazard, denoted by h(t), is the probability that an individual who is under

observation at time t has an event at that time.

The survival probability can be estimated from observed survival times using
the Kaplan Meier method (Kaplan and Meier, 1958). Kaplan-Meier survival
curves, a plot of the Kaplan-Meier survival probability against time, provide a
summary of the survival data and can be used to estimate the median survival
time. Two or more survival curves can be compared by various tests, the most
widely used of which is the log-rank test. The log-rank test compares the
number of observed events in each group to the number that would be
expected if they all had the same survival curve. Difference between groups is
identified by a p-value of less than 0.05.

The Cox proportional hazards regression model compares the hazard rate in
different groups. The results are usually expressed in terms of the hazard ratio
(i.e. the ratio of the rates). A hazard ratio greater than 1 indicates a factor is
positively associated with the event probability and hence negatively associated
with the length of survival (a hazard ratio of 1 means no difference). A key
assumption of the proportional hazards model is that the hazard of the event in
any group is a constant multiple of the hazard in any other. This assumption
implies that the hazard curves for different groups should be proportional and
should not cross. Log-log plots were produced to assess whether this

assumption holds. An advantage of the Cox model over other time-to-event
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methods is that it allows for adjustment of other factors that might affect the risk

of the event occurring. In addition, it provides the effect size for each factor.

Time-to-event analysis was used in Chapter 5 to examine the association
between indicators of socio-economic status and colorectal cancer registration
and survival in the ONS LS.

3.3.2 Spatial methods

3.3.2.1 Mapping

Choropleth maps were produced in Chapter 4, for each census year, to
visualise the variation in mortality rates at LA level in England and Wales and in

Chapter 6 to visualise the distribution of the colorectal cancer risk index.

3.3.2.2 Spatial cluster analysis

Spatial cluster analysis encompasses a range of statistical techniques used to
quantify spatial patterns in data that may not be apparent using simple
visualisation methods. They identify areas with unusually high or low
concentrations of a particular characteristic or event. The Getis-Ord Gi* statistic
is used in Chapter 4 to examine the spatial association of mortality rates at
Local Authority level. This method was chosen as it is an appropriate technique
for analysing data that has been aggregated to geographic units, such as
administrative boundaries. The Getis-Ord Gi* statistic is a measure of local
spatial autocorrelation, which identifies the local association between a feature
and its neighbours within a specified neighbourhood. It indicates the extent to
which each feature is surrounded by similarly high or low values. The sum of
values for a feature and its neighbours are compared to what would be
expected given all the values in the entire study area. When the observed sum
is different to the expected sum, and when the difference is too large to be a
result of random chance, a statistically significant z-score is returned. Positive z-
scores indicate clustering of high values (hot spots) and negative z-scores
indicate clustering of low values (cold spots). This measure has been applied
previously in epidemiological studies, for example to detect hot spots of

colorectal cancer mortality in the US (Siegel et al., 2015).

An alternative measure of spatial autocorrelation, Anselin Local Moran’s |
(Anselin, 1995) was considered which, in addition to hot and cold spots, also
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identifies spatial outliers. Numerous other spatial scan techniques exist, but
most methods use point data so they were not appropriate approaches to

analyse the aggregate area-level data used in Chapter 4.

The results of spatial cluster analysis are sensitive to the size of the areas being
analysed and the definition of the surrounding neighbourhood, which is

discussed in section 4.7.3.

3.4 Ethics

Ethical review was required as part of the application made to the UKDS to
obtain approval to access individual death registration data for England and
Wales (Chapter 4). The data set is categorised by the UKDS as controlled data
and must be accessed in a secure environment. There were some changes to
the application process in 2020 and applications for ONS Secure Access data
now require ethical approval from the applicant’s institution. An application was
made to the University of Leeds Faculty of Medicine and Health Research
Ethics Committee for ethical review (MREC 20-009) and confirmation that the
study was considered favourably was received in October 2020 (see Appendix
A). An ethics-self assessment form was also required by the UKDS for

consideration by the UK Statistics Authority.

The study using data from the LS (Chapter 5) did not require full ethical
approval as it involved secondary analysis of established anonymised data. It
was approved by the ONS Microdata Release Panel (see Appendix C).

The CORECT-R resource, and analyses based upon the data within it, has
received approval from the South West-Central Bristol research ethics
committee (18/SW/0134). Therefore separate ethical review for the study in
Chapter 7 using CORECT-R data was not required.
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3.6 Summary

This chapter has outlined the data sources available and how each data set can
contribute to different aspects of the aims and objectives of this thesis.
Appropriate methods for analysing these types of data have been described

and will be utilised in Chapters 4-6.

The themes raised in this chapter including timeliness of data, data access and
confidentiality in research will be returned to in the discussion (Chapter 7), in

the context of challenges faced when analysing these data.
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Chapter 4
Spatial and temporal variations in colorectal cancer mortality in

England and Wales

4.1 Overview

This chapter will explore trends in colorectal cancer mortality by geographic
location and area-level deprivation over a 20-year period using death
registration data from the ONS. The long time period covered by the data set
will make it possible to see how trends in mortality in relation to deprivation and
rurality have changed over time. The geographic information will enable spatial
analysis of mortality rates at sub-regional level. Mortality trends will be analysed
by gender and age, but the data set does not contain individual indicators of

socio-economic status.

4.2 Background

Trends in colorectal cancer mortality over time

Colorectal cancer is the second most common cause of cancer death in the UK,
accounting for around 16,600 deaths a year (Cancer Research UK, 2018).
Colorectal cancer mortality is strongly linked to age, with the highest mortality
rates found in the older age groups. In the UK, approximately 58% of deaths
each year are in people aged 75 and over (Cancer Research UK, 2018) which
reflects higher incidence and lower survival for colorectal cancer in the older
age groups. Colorectal cancer mortality rates are significantly higher for males

than females.

There has been a considerable decrease in colorectal cancer mortality rates
over the past 50 years in the UK (Quinn et al., 2001). The decrease in mortality
rates over time could reflect changes in prevalence of cancer risk factors,
improvements in diagnosis, including screening in recent years, and

improvements in the treatment of colorectal cancer.
Variation in colorectal cancer mortality by deprivation

Despite efforts to reduce geographic and socio-economic inequalities in cancer
outcomes, disparities persist. Research has largely focused on quantifying

socio-economic differences in cancer outcomes. There is a large body of
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evidence relating to variation in colorectal cancer incidence, survival and
mortality by socio-economic deprivation (Aarts et al., 2010). In the UK, using the
area-based Townsend deprivation score, Pollock and Vickers (1997) found
higher colorectal cancer mortality among the most deprived groups and
significantly lower survival rates among patients living in deprived areas. In a
more recent analysis, based on data from 1997-2011, an association between
colorectal cancer mortality and deprivation, measured by the IMD, was
reported, although the association was small for females (National Cancer
Intelligence Network, 2014). It is estimated that there would be around 860
fewer deaths each year in England if everyone experienced the same mortality

rates as the least deprived.

Higher colorectal cancer mortality among low SES groups could reflect higher
incidence, however, evidence of an emerging association between deprivation
and colorectal cancer incidence has only recently been reported (Oliphant et al.,
2011; Tweed et al., 2018). There is, however, strong evidence of association
between deprivation and colorectal cancer survival. Survival has been
significantly lower among men and women living in the most deprived areas
since the 1980s (Mitry et al., 2008a; Mitry et al., 2008b). Poorer survival among
the most deprived socio-economic groups may reflect socio-economic
differences in stage at diagnosis, co-morbidities, lifestyle (diet and physical

activity), receipt of treatment and participation in screening.

Studies using an area-based measure of deprivation at a single point in time,
such as census year do not take into account the level of deprivation in area
over time. The deprivation trajectory of an area could impact on the health
outcomes of people living in those areas. In a recent US study of colorectal
cancer incidence, Zhang et al. (2018) stratified areas based on neighbourhood
deprivation at two time points 10 years apart. Long-term low neighbourhood
socio-economic status and decreasing neighbourhood socio-economic status
were associated with a higher risk of colorectal cancer compared with long-term

high neighbourhood socio-economic status.
Geographic variation in colorectal cancer mortality

Geographic variations in colorectal cancer morbidity and mortality are less well
described. Some regional variation in colorectal cancer incidence and mortality
has been reported in England (Arik et al., 2020; Arik et al., 2021). Bayesian
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analysis was used to estimate rates by region of England but rates were not
estimated at sub-regional level. Less regional variation in colorectal cancer
incidence and mortality compared to all-cancer and lung cancer, but more than
breast and prostate cancer, was reported. Furthermore, little variation was
found in colorectal cancer mortality rates by deprivation within regions of
England. Geographic variation in colorectal cancer survival has been
investigated by Cancer Network (Walters et al., 2011). The study reported a

narrowing in the range of 1-year survival by geographic area over time for men.

Other factors (other than deprivation), such as rurality, may influence
geographic variation in colorectal cancer outcomes. There is evidence for an
association between accessibility to healthcare services and stage at disease at
diagnosis, with both increasing travel time to GP surgery (Jones et al., 2008b)
and distance to cancer centre (Campbell et al., 2001) associated with more

advanced disease at diagnosis.
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4.3 Objectives

Describe and critique trends in colorectal cancer mortality in England and
Wales at Local Authority level and by area-based socio-economic
deprivation.

Compare colorectal cancer mortality trends to all cancers combined.
Identify whether there are statistically significant hot spots of colorectal

cancer and all-cancer mortality rates by geographic area and over time.
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4.4 Data

4.4.1 Death registration data

Annual death registration data was obtained from the UK Data Service from
1990 to 2012 at Local Authority (LA) level for England and Wales, with
colorectal cancer as the underlying cause of death. Colorectal cancer was
defined according to the World Health Organisation (WHO) International
Classification of Diseases and health related problems (ICD), the international
standard for mortality and morbidity statistics, versions 9 and 10 (World Health
Organisation, 2019). For deaths prior to 2001 colorectal cancer was classified
using ICD-9 codes 153 and 154. From 1 January 2001, ICD-10 was used to
code cause of cause of death, replacing ICD-9. The ICD-10 codes C18-21 were
used to define colorectal cancer.

LA was chosen as the geographic scale for the analysis as this is the lowest
level of geography at which the mortality data for this time period is openly

available. There are a total of 348 LAs in England and Wales.

The data set contained the annual number of deaths in each LA split by sex and
five year age-group. There were two LAs, City of London and Isles of Scilly, for
which there was no corresponding mortality data. These areas were also

removed from the analysis which left a total of 346 LAs.

Annual mortality data for the same time period was obtained for all neoplasms
at LA level, split by sex and five year age-group. This was to enable
comparisons to be made between colorectal cancer and all-cancer mortality

trends.

Rules for accessing death registration data changed post 2012 and a new
application to access disclosive data is required to obtain an update. Published
data for the period 2013-2018 contains supressed counts which led to problems
in calculating directly-standardised mortality rates for colorectal cancer due to
low counts when split by age group and geographic area. An application has
been made to UKDS to access individual-level death registration data up to
2018 (see Appendix B).
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4.4.2 Population estimates

Annual mid-year population estimates for the period 1990 to 2012 were sourced
from the Office for National Statistics (ONS). The data contained the population
by sex and five year age-group for each LA. Mid-year population estimates
relate to the usually resident population on 30 June of each year.

4.4.3 Townsend Deprivation Index

Townsend Deprivation Index scores for LAs in England and Wales were used
as an area-based measure of material deprivation. The Townsend Index was
chosen as it can be calculated for all LAs in England and Wales, unlike other

measures of area deprivation which are country-specific.

The Townsend Index is expressed as a single figure index which places each
area’s level of deprivation relative to a large reference area. In this case, the
study area is England and Wales and the scores were calculated for each LA in
1991, 2001 and 2011.

Positive values of the index indicate more deprived areas, relative to the
reference area, whereas negative values indicate relative affluence. A score of
zero represents an area with mean values. To enable comparison of mortality
trends by area type, the index scores were categorised into quintiles. Population
weighted quintiles were generated by sorting the LAs, and corresponding mid-
year populations, according to the index scores from negative to positive. The
LAs were then grouped into quintiles (with 1 being the least deprived LAs and 5
being the most deprived LAs) so that the sum of the populations of each quintile
is as equal as possible. Three sets of quintiles were assigned to each LA,
based on the Townsend index scores calculated at each census year (1991,
2001 and 2011). These represent the start-, mid- and end-point of deprivation
within the study period.

In order to measure changing deprivation over time, comparable Townsend
scores over time were provided. These scores were calculated by apportioning
the raw data for each census within the study time period (1991, 2001, 2011)
from the original geographies at which they were released to be geographically
consistent with the 2011 LA definitions for England and Wales (Norman and
Darlington-Pollock, 2017). The data were apportioned using address count

weighted postcode distributions (as a proxy for population distributions),
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whereby the apportionment weight was determined by the proportion of
postcodes in the overlapping area divided by all postcodes in the original
geographic area. The input variables were standardised using z scores
calculated as the observation for any one area in a year expressed relative to
the mean and standard deviation for all areas and time points. Quintiles were
calculated to have equal populations across all years. An increase or decrease
in deprivation scores or quintiles thereby represents worsening or improving

deprivation, respectively (Norman, 2017).

4.4.4 Population density

Population density was used as a proxy urban-rural measure in this analysis, as

there are no consistently adopted UK-wide urban-rural measures.

Population density, measured as the number of persons per hectare, is derived
by ONS from the number of persons at the census and area in hectares from
the GIS Shapefile. Population density data was sourced for LAs in England and
Wales at the 1991, 2001 and 2011 census. Each area was assigned a
population density category based on the classification outlined in Chapter 3
Table 3.2. The classification comprises five categories, with 1 being the most

urban and 5 being the most rural.

4.4.5 Boundary data

Digital boundary data in ESRI Shapefile format was sourced for Local
Authorities and Regions in England and Wales from the ONS (Office for
National Statistics, 2021d).
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4.5 Methods

4.5.1 Descriptive statistics

Summary statistics showing the number and percentage of colorectal cancer
(and all cancer) deaths by sex, age group, Townsend Deprivation Index score

and population density category were produced.

4.5.2 Mortality rates

A time series of mortality rates by area type was constructed by first
aggregating the mortality and population data across Townsend deprivation
quintiles. Age-standardised mortality rates were calculated annually from 1990
to 2012 and for a 3-year rolling average. The rolling average was calculated by
pooling 3 years of (mortality and population) data around each year within the
study period, excluding 1990 and 2012 as data was not obtained outside of
these bounds. A rolling average was taken in order to remove any yearly

fluctuations in the mortality rates.

The direct method of standardisation was preferred over the indirect method in
this study to allow for valid comparisons to be made between geographical
areas and over time. The mortality and population data was split by age group

so it was possible to calculate age-specific mortality rates.

The calculation of the age-standardised rate is below. Deaths are expressed

per 100,000 persons:

2 (Prmyg)
2 Py

Age-standardised rate =

Where:

Pk = Standard population in sex/age group k

M}, = Observed mortality rate (deaths per 100,000) in sex/age group k

k = age/sex group 0-4, 5-9, ..., 80-84, 85 years and over

Directly age-standardised mortality rates were calculated using the 2013
European Standard Population (ESP) (Eurostat, 2013). Age-standardised
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mortality rates were calculated separately for males and females and for
premature mortality, defined (according to the definition used by Public Health

England) as deaths before the age of 75.

To investigate mortality trends by rurality, the data were also aggregated by
population density categories and a time-series of directly age-standardised

rates calculated.

Mortality rates were also calculated at LA level for each year and using 3-years
of data pooled around each census year.

4.5.3 Mapping

Choropleth maps were produced, for each census year, to visualise the

variation in mortality rates at LA level in England and Wales.

4.5.4 Spatial cluster analysis

Hot spot analysis was employed in this analysis to identify areas with an excess
of colorectal cancer deaths. The input data was the directly-standardised

mortality rates by LA.

The local G-statistic was calculated for each LA within England and Wales to
identify the locations of hot and cold spots of colorectal and all-cancer mortality
rates. Three years’ worth of mortality and population data was pooled around
each census year. The neighbourhood around each LA was defined based on a
50 kilometre radius. This method is recommended when there is a large
variation in polygon size (as is the case for LAs) and a consistent scale of
analysis is desired. The resultant z-scores were mapped to visualise the
location of hot and cold spots of high or low colorectal and all-cancer mortality.

Statistical significance in this study was considered at the confidence level of
95% or higher, associated with a p-value <0.05 and z-score > 1.96. The
analysis was carried out in ArcGIS (Esri, 2015). The results of the spatial cluster
analysis were adjusted for multiple hypothesis testing using the false discovery
rate (FDR) method. The FDR method reduces the p-value threshold which
determines the statistical significance, to account for multiple testing. Multiple
testing is an issue in local spatial statistics as a test is performed for every
feature (in this case LA) in the dataset, which may increase the number of false

positives i.e. spatial clusters identified which are in fact random.
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4.6 Results

4.6.1 Descriptive statistics

There were 341,234 colorectal deaths in England and Wales between 1990 and
2012. Over the same time period, there were 2.8 million deaths from all cancers

(other than colorectal cancer) combined Table 4.1.

The proportion of colorectal cancer deaths was slightly higher in males (52%),
compared to females. Just under half (47%) of colorectal cancer deaths were at
premature age (before age 75). There were 70,408 deaths (21%) in the least
deprived quintile compared to 55,716 deaths (16%) in the most deprived quintile
based on Townsend Deprivation Index scores at the 2001 census. The highest
proportion of colorectal cancer deaths were in areas categorised as “Rural”
(51%).

Colorectal cancer deaths accounted for approximately 11% of all-cancer
deaths. Compared to deaths from all-cancers combined (excluding colorectal
cancer deaths), a higher proportion of colorectal cancer deaths were in the
older age groups. Fifteen per cent of all-cancer deaths were among those aged
85 and over, compared to 20% of colorectal cancer deaths. A higher proportion
of all-cancer deaths were in the most deprived areas (18%), compared to
colorectal cancer deaths (16%). The distribution of colorectal cancer and all-
cancer deaths was similar by population density category, but there with a
slightly higher proportion of all-cancer deaths in the most urban areas, and a

slightly higher proportion of colorectal cancer deaths in the most rural areas.

The overall directly standardised colorectal cancer mortality rate for England
and Wales was 41.9 deaths per 100,000 (95% Cl 41.2-42.5) at the start of the
study period in 1990 and 28.6 deaths per 100,000 (95% CI 28.1-29.0) at the
end of the study period in 2012. For males the corresponding rates were 52.9
per 100,000 (95% CIl 51.8-54.1) in 1990 and 36.0 per 100,000 (95% CI 35.2-
36.8) in 2012 and for females 34.9 per 100,000 (95% CIl 34.2-35.7) and 22.8
per 100,000 (95% Cl 22.3-23.4).
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Characteristics CRC deaths All cancer
deaths
(excluding CRC)
n % n %

Total 341,234 2,820,194

Sex Male 177,890 |52.1 1,473,322 | 52.2
Female 163,344 | 47.9 | 1,346,872 | 47.8

Age group | 0-50 11,467 3.4 | 154,079 5.5
50-55 10,783 3.2 109,905 3.9
55-60 18,430 54 1170,973 6.1
60-65 28,060 8.2 | 255,415 9.1
65-70 39,758 11.7 | 350,303 12.4
70-75 51,263 15.0 | 439,132 15.6
75-80 58,012 17.0 | 476,330 16.9
80-85 56,895 16.7 | 429,216 15.2
85+ 66,566 19.5 | 434,841 15.4

Townsend | 1 - Least 70,408 20.6 | 547,369 19.4

deprivation | deprived

score 2 74,090 |21.7 591,295 |21.0
3 72,499 21.2 | 588,001 20.8
4 68,521 20.1 | 586,441 20.8
5 - Most 55,716 16.3 | 507,088 18.0
deprived

Population | Most urban 59,368 17.4 | 529,078 18.8

density | very urban 17,887 |52 |145263 |5.2
Urban 61,740 18.1 | 525,404 18.6
Rural 173,237 | 50.8 | 1,398,279 | 49.6
Most rural 29,002 8.5 |222,170 7.9

Table 4.1 Colorectal cancer and all-cancer (excluding colorectal) deaths

by demographic characteristics
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4.6.2 Geographic variation in cancer mortality

The mortality rates by LA presented below are based on 3-years of data pooled
around 2011 (the most recent Census year). Rates for 1991 and 2001 have
also been mapped, using comparable quintiles, to show the trends in mortality

rates over time.

The spatial pattern of colorectal cancer mortality in England and Wales is
displayed in Figure 4.1. Mortality rates ranged from 14 deaths per 100,000
people (95% CIl 9.5-18.3) in Rugby to 52 deaths per 100,000 people (95% CI
41.3-62.3) in Eden. Higher mortality rates were generally found in coastal and

peripheral areas, but there was not a clear spatial pattern.

Figure 4.2 shows the colorectal cancer mortality rates on a comparable scale
for 1991, 2001 and 2011. The mortality rates have decreased in most areas
over the time period, but there are some areas with consistently higher mortality

rates.

There was a clearer spatial pattern in all-cancer mortality (Figure 4.3),
compared to colorectal cancer mortality. High rates of all-cancer mortality were
found in the north of England and south Wales. All-cancer mortality rates were
generally lower in the south and east of England, except for some higher cancer

rates in some coastal areas in the south.

When comparing all-cancer mortality rates over time (Figure 4.4), despite
generally decreasing mortality rates there were some areas in the north of

England with consistently higher mortality rates.
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Figure 4.1 Age-standardised colorectal cancer mortality rates, by Local
Authority, England and Wales, 2011
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Figure 4.2 Age-standardised colorectal cancer mortality rates, by Local Authority, England and Wales: 1991, 2001, 2011
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Figure 4.3 Age-standardised all-cancer (excluding colorectal) mortality

rates, by Local Authority, England and Wales, 2011
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Figure 4.4 Age-standardised all-cancer (excluding colorectal) mortality rates, by Local Authority, England and Wales: 1991,
2001, 2011
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4.6.3 Spatial cluster analysis

The spatial variability in colorectal cancer and all-cancer mortality was
quantified using the Getis-Ord Gi* statistic. The mortality rates mapped in
Figure 4.5 and Figure 4.6 are based on 3-years of mortality data pooled around
each census year within the study period (1991, 2001 and 2011).

Statistically significant hot spots of high colorectal cancer mortality in 2011 were
identified in south Wales, Lincolnshire and Cumbria. Conversely, statistically
significant cold spots of low colorectal cancer mortality rates were found in the
south east of England, centred around Surrey and Local Authority areas in
London, Hertfordshire and Buckinghamshire. There was also a statistically
significant cold spot of colorectal cancer mortality in the East Midlands, around

the Local Authority of Corby.

A similar spatial pattern was observed at each of the census time points. The
cold spot of low colorectal cancer mortality rates in south-east England was
more pronounced in 1991 and 2001 and in the Midlands in 2001. Hot spots of
high colorectal cancer mortality rates were identified in Lincolnshire, Cheshire
and the north east of England, particularly in 2001. The hot spot in south Wales

was not significant in 1991.

After adjustment for multiple hypothesis testing the clusters identified in 2011
were no longer statistically significant. The cold spots of low colorectal cancer
mortality rates around London in 1991 and 2001 remained significant, as did the
hot spot of high colorectal cancer mortality in Lincolnshire (in 1991 and 2001)
and south Wales (in 2001).

Statistically significant hotspots of all-cancer mortality (Figure 4.6) were
identified in the North West and north east of England, Lincolnshire and south
Yorkshire. Cold spots of low all-cancer mortality were identified in the south east
and south west of England. There was a similar pattern at the two previous
census time points, although the cold spot in the south east of England was
more pronounced in 2011. After adjustment for multiple hypothesis testing the
hot spots in the North West and north east of England and the cold spot in the

south east remained statistically significant (although less pronounced).
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Figure 4.5 Hot spot analysis (Getis-Ord Gi*), 2011 colorectal cancer
mortality, England and Wales
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Figure 4.6 Hot spot analysis (Getis-Ord Gi*), 2011 all-cancer (excluding

colorectal) mortality, England and Wales
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4.6.4 Cancer mortality by population density

The spatial distribution of colorectal cancer mortality rates showed some higher
rates in rural areas. To investigate this further, the rates have been stratified by
population density, used as a proxy for rurality. The lowest colorectal cancer

mortality rates were consistently found in the most densely populated areas, but

there was not a clear gradient by population density (Figure 4.7 and Table 4.2).

e
=
1

Population density

Most urban
Very urban
= Urb
35- rban
— Rural

Most rural

Age-standardised mortality rate per 100,000

ad
=
1

1990 1995 2000 2005 2010
Year
Data Source: UK Data Senvice

Figure 4.7 Age-standardised colorectal cancer mortality rates, by
population density, England and Wales, 1990-2012
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1991

ASMR (95% Cl)

2001

2011

Most urban

38.8 (38.0-39.5)

31.7 (31.0-32.4)

27.9 (27.3-28.6)

Very urban

43.1 (41.5-44.7)

32.9 (31.5-34.3)

31.2 (29.9-32.5)

Urban

43.9 (43.0-44.8)

33.9 (33.2-34.7)

29.7 (29.0-30.3)

Rural

41.4 (40.8-41.9)

32.2 (31.8-32.7)

28.1 (27.7-28.4)

Most rural

41.6 (40.3-42.9)

33.7 (32.6-34.8)

29.0 (28.1-29.9)

Table 4.2 Age-standardised colorectal cancer mortality rates, by

population density and census year, England and Wales

All-cancer mortality rates were more clearly stratified by categories of

population density (Figure 4.8). Mortality rates were consistently higher in the

urban categories (Urban, Very urban and Most urban) compared to the rural

categories (Most rural and Rural), although there is not a gradient across all five

categories. Mortality rates in areas categorised as “Very urban” have not

decreased at the same rate as other areas, which is also apparent for colorectal

cancer mortality rates in these areas.
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Figure 4.8 Age-standardised all-cancer (excluding colorectal) mortality
rates, by population density, England and Wales, 1990-2012

4.6.5 Cancer mortality by area deprivation

This section examines variation in colorectal and all-cancer mortality by the
Townsend Deprivation Index. The trends presented below are based on the
mid-point of deprivation (2001 Townsend quintiles) as this was judged to best
represent the level of deprivation in LAs across the study period. Results for the
3-year rolling average of mortality rates are presented here as there were some
fluctuations in the annual mortality rates, due to small numbers of deaths when

split by year and geographic area.
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Figure 4.9 Age-standardised colorectal cancer mortality rates, by
deprivation quintile, England and Wales, 1990-2012

Deprivation quintile

1 - least deprived

S 2
—K,
-4

5 - most deprived

1991

ASMR (95% Cl)

2001

2011

Quintile 1 — least
deprived

40.6 (39.8-41.4)

31.2(30.5-31.8)

27.4 (26.8-28.0)

Quintile 2

40.9 (40.2-41.7)

32.1(31.4-32.8)

28.6 (28.0-29.2)

Quintile 3

424 (41.6-43.2)

33.4 (32.8-34.1)

29.0 (28.4-29.6)

Quintile 4

42.2 (41.4-43.0)

33.2 (32.4-33.9)

29.0 (28.4-29.7)

Quintile 5 — most

deprived

40.8 (39.9-41.6)

33.3 (32.5-34.1)

29.1 (28.4-29.8)

Table 4.3 Age-standardised colorectal cancer mortality rates, by

deprivation quintile and census year, England and Wales
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There was a general pattern of improving colorectal cancer mortality between
1990 and 2012. Mortality rates fell rapidly over the time period across all
deprivation quintiles (Figure 4.9 and Table 4.3). The lowest mortality rates were
observed among the least deprived group throughout the study period. There
was no consistent difference in the mortality rates of the other four groups. By
the end of the time period the mortality rates among these four groups had
converged and were significantly higher than that in the least deprived group
(29.1 deaths per 100,000 people in the most deprived group compared to 27.4
deaths per 100,000 people in the least deprived group).

Male Female

x& Deprivation quintile

i \ 1 - least deprived
: 2

S a3
—

5 - most deprived

30~

Age-standardised mortality rate per 100,000

1990 1995 2000 2005 2010 1990 1995 2000 2005 2010

Year
Data Source: UK Data Semvice

Figure 4.10 Age-standardised colorectal cancer mortality rates, by sex and
deprivation quintile, England and Wales, 1990-2012

Both males and females experienced a considerable decline in colorectal
cancer mortality rates over the study period, however, much higher mortality
rates were consistently observed among males compared to females. The

lowest mortality rates were found in the least deprived quintile, followed by the
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second least deprived quintile in men, however there was very little variation in

female mortality rates by deprivation quintile (Figure 4.10).

Figure 4.11 shows rates of premature mortality by deprivation quintile.
Premature mortality is defined as deaths before age 75. The lowest rates of
premature mortality were observed in the least deprived quintile throughout the
study period, followed by the next least deprived quintile. There was little

variation in mortality rates among the remaining three deprivation quintiles.

225~

V4

Deprivation quintile
1 - least deprived
2

=3

=4

5 - most deprived

T

15.0 -

Age-standardised mortality rate per 100,000

1990 1994 2000 2005 2010
Year
Data Source: UK Data Semvice

Figure 4.11 Age-standardised premature colorectal cancer mortality rates,
by deprivation quintile, England and Wales, 1990-2012

When split by gender (Figure 4.12) the lower rates of premature mortality found
in the two least deprived quintiles was observed in males but not in females.
There was very little variation in female premature mortality rates by deprivation
quintile, whereas in males rates were lower in the two least deprived quintiles

but there was little variation in the remaining three quintiles.
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Figure 4.12 Age-standardised premature colorectal cancer mortality rates,
by sex and deprivation quintile, England and Wales, 1990-2012

Mortality trends for all cancers (Figure 4.13) across the same time period are
presented below. The figures are based on the number of cancer deaths minus
colorectal cancer deaths. As for colorectal cancer, there was a sharp decline in
all-cancer mortality rates across all deprivation quintiles during the study period,
however the rates appeared to start levelling off after 2010. There was a more
pronounced deprivation gradient in all-cancer mortality rates compared to those
for colorectal cancer, with the lowest rates observed among the least deprived
quintile and the highest rates found among the most deprived quintile (Figure
4.13). In comparison, there was little variation in colorectal cancer mortality
rates by deprivation quintile, apart from lower rates among the most deprived
group. The slight increase in all-cancer mortality rates in the early 2000s could
be due to the change in coding from ICD-9 to ICD-10 in 2001.
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Figure 4.13 Age-standardised all-cancer (excluding colorectal) mortality
rates, by deprivation quintile, England and Wales, 1990-2012
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4.7 Discussion

4.7.1 Summary

There was some variation in colorectal cancer mortality rates by Local Authority
area, but no clear spatial pattern was observed. This was in contrast to all-
cancers combined for which mortality rates were generally higher in the north of
England and south Wales and lower in the south of England, except for some
higher rates in coastal areas. These findings concur with regional level analysis
which found less geographic variation in colorectal cancer compared to all-
cancer combined (Arik et al., 2021). There was no clear gradient in colorectal
cancer mortality rates by population density, despite evidence that colorectal
cancer patients in rural areas are less likely to receive timely treatment (Jones
et al., 2008a).

The apparent north-south divide in all-cancer mortality compared to colorectal
cancer mortality could be explained by a stronger relationship with area

deprivation.

There has been a downward trend in colorectal cancer mortality in England and
Wales across all deprivation groups between 1990 and 2012. The pattern of
colorectal cancer mortality rates by deprivation differs to that for all cancers.
There is a clear deprivation gradient in all-cancer mortality rates, whereas
colorectal cancer mortality rates are lowest among the least deprived group but

there is little variation among the other groups.

Possible explanations for lower colorectal cancer mortality rates in the least
deprived areas could include differences in stage at diagnosis, co-morbidities
and access to diagnostic and treatment services between areas. There is some
evidence that patients in deprived areas are more likely to present at a late
stage (Lejeune et al., 2010) but findings have been inconsistent (Schrijvers et
al., 1995). Differential uptake of screening by demographic group has also been
reported (McGregor et al., 2016), with lower rates of uptake in the most
deprived area. It may be too early to detect the impact of the Bowel Cancer
Screening Programme on colorectal cancer mortality in this data set as the
programme was only introduced in England in 2006. It would be interesting to
investigate this with more up-to-date data.
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Colorectal cancer mortality rates were consistently higher in males, compared
to females over the study period. This is in line with reported national trends in
colorectal cancer mortality rates, which are significantly higher for males than
for females (Cancer Research UK, 2021). A review of sex-related differences in
colorectal cancer by White et al. (2018) suggested the higher colorectal cancer
mortality rate in males is primarily due to the higher incidence rate in males,
compared to females. The review found that there were relatively small
differences by sex in route to diagnosis, cancer stage at diagnosis and 5-year
survival, but sex and gender differences in biological and behavioural factors
were more apparent in the pathway up to the point of colorectal cancer
diagnosis. For example, men are more likely to have a diet high in red and
processed meat (Public Health England, 2016), are more likely to be heavy
consumers of alcohol (Schutze et al., 2011) and are more likely to smoke
(Chang et al., 2014), all of which are associated with an increased risk of
colorectal cancer. Furthermore, bowel cancer screening uptake is lower in men
than women (von Wagner et al., 2011), although women are more likely to be

diagnosed via an emergency presentation than men (White et al., 2018).

In this study, trends in colorectal cancer mortality by deprivation varied by
gender. Male colorectal cancer mortality rates were lower in the two least
deprived Townsend quintiles, but there was little variation in female mortality
rates by deprivation. This could reflect the lower incidence rates among males
living in the least deprived areas compared to the most deprived areas (National
Cancer Intelligence Network, 2014), while for females the incidence rates are
similar for those living in the least and most deprived areas. The sex differences
in incidence could be due to the increased likelihood of men in deprived areas
to have a lifestyle associated with colorectal cancer risk factors (Office for
National Statistics, 2017).

4.7.2 Strengths

A strength of this study is the comprehensive death registration data, which
includes all deaths in England and Wales between 1990 and 2012. The 20-year

time period allows for mortality trends over time to be examined.

While access to more detailed geographic information was not possible within

the time scales of this thesis, the available data did allow for sub-regional level
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analysis which extends previous research at regional level. Advanced spatial
analysis techniques were applied to identify whether there was evidence of

spatial clustering of colorectal cancer mortality rates in England and Wales.

4.7.3 Limitations

A challenge of analysing mortality trends for specific-causes of death at sub-
regional level is that there are often small numbers of deaths when the data is
split by area type and five-year age band. The analysis was repeated using ten-
year age bands which generated very similar patterns by deprivation. The
analysis by LA is sensitive to low numbers of deaths when split by LA and age
band. To address this, the mortality rates in this analysis were calculated based

on data pooled across 3-years.

This study used an area-based measure of deprivation (Townsend deprivation
score). Not all individuals within each LA will experience the same level of
deprivation, therefore the association between mortality rates and deprivation at
the individual level cannot be determined from associations at LA level

(ecological fallacy).

There are limitations to the Townsend Index as a measure of deprivation. The
inclusion of non-car ownership in the index has been critiqued as in heavily
urbanised areas with good provision of public transport, particularly in London,
many people choose not to own a car irrespective of economic background.
While it is a strength of the Townsend Index that it can be calculated in the
same way at different time points, societal changes may mean some of the
input measure are not comparable over time, for example due to changes in the

nature of home ownership.

A considerable amount of information is lost when calculating summary
measures such as standardised mortality rates which may conceal
heterogeneity. For example, mortality differences between populations may be
much greater in older ages. The choice of standard population can also affect
the relative magnitude of standardised rates depending on which age groups
are weighted most heavily. Similarly, the results of spatial clustering analysis
are heavily dependent on the conceptualisation of the spatial relationship
between the features (i.e. the neighbourhood definition). Further sensitivity

analysis could have been carried out to investigate the impact of using different
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neighbourhood definitions on the results. Results could also be compared using

different spatial clustering techniques.

The change in ICD codes from version 9 to version 10 in 2001 may have
affected how some of the mortality cases were coded, however, results from the
bridge coding study showed the change only had a small impact for coding of

colorectal tumours (Cook et al., 2002).

A major limitation of this study was the lack of mortality data for the recent time
period. An application has been made to the UKDS (see Appendix B) to obtain
access to individual mortality records for the period up to 2018. Individual-level
data are required in order to append area-types to the mortality records at
smaller geographic units prior to aggregation, which is not possibly using the
openly published data.

4.7.4 Further work

A challenge in this type of analysis is the use of decennial measures of
deprivation for an annual time series of outcomes. The Townsend deprivation
index is based on census variables and therefore can only be calculated at
each census time point, whereas the mortality figures are reported for each
year. A mid-point of deprivation was used in this study (2001 Townsend
deprivation quintiles), however this assumes that the level of deprivation in an
area stayed the same over the time period. In reality, areas may become more
or less deprived over time. Some studies have sought to overcome this by
incorporating area trajectories into the methodology design. For example, by
comparing the relative deprivation of an area at the start and end of the time
period and grouping areas based on the deprivation trajectory (Zhang et al.,
2018). Whilst this captures changing deprivation across the whole time period it
does not account for the intervening period.

Work is planned to extend the analysis presented here to examine the
deprivation trajectories of LAs, based on the Townsend deprivation scores at
each census time point within the study period. Time comparable measures of
the Townsend Index have been calculated, using raw census data for each
census from 1981 to 2011, whereby each variable is expressed as a z-score
relative to the mean and standard deviation across all areas and over time.

Accordingly, a reduction in scores represents an improvement in relative
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deprivation, whereas an increase in score represents worsening levels of
deprivation in an area. The time-comparable scores were then been classified
into groups, using a k-means cluster analysis method, to capture similarities in
deprivation trajectories for LAs in England and Wales. Cluster solutions with
different numbers of clusters were tested to find the optimum number of clusters
with distinct deprivation trajectories. A time-series of mortality rates by
deprivation clusters will then be calculated (as in this study for the cross-

sectional measures of deprivation).

Additionally, the LAs will be stratified by their mortality trajectories to identify
areas with persistently high or low mortality that could not be explained by
factors already investigated (i.e. level of deprivation or rurality). A k-means
cluster analysis will be performed again, this time using annual mortality rates
as the input variables. Census data will then be used to describe the
characteristics of these areas and determine whether there are distinctive
characteristics of areas with high (or low) colorectal cancer mortality rates. A
further question will be to determine if London is different to other areas. Areas
in London are often found to have better health than expected given their level
of deprivation. This relationship could impact on the observed pattern of
colorectal cancer by deprivation. It may be necessary to separate areas in
London from the rest of the country.

This work is awaiting access to the more recent and granular data. The more
recent data would also be used to update the trends presented here and

append the Townsend scores at smaller geographic units.

In addition to census data, other sources of area-based data could be used to
explore the other factors which may influence colorectal cancer mortality. For
example, access to healthcare services and the location of specialist cancer
care centres and the prevalence of risk factors associated with colorectal
cancer such as obesity rates, levels of physical activity and diet and food

consumption patterns. This is considered further in later discussions.
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4.8 Conclusion

Key messages:

e There was some geographic variation in colorectal cancer mortality rates,
but no clear spatial pattern was observed at Local Authority level. A
clearer spatial pattern was seen for all-cancers combined.

e There was no gradient in colorectal cancer mortality rates by area
deprivation

e There was little evidence of spatial clustering of colorectal cancer

mortality rates
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Chapter 5
Variation in colorectal cancer incidence and survival by socio-

economic position

5.1 Overview

This chapter will investigate variations in colorectal cancer (CRC) incidence and
survival by indicators of socio-economic status in the ONS Longitudinal Study.
While colorectal cancer mortality trends were previously examined by area-
based measures of deprivation (Chapter 4), the LS enables analysis by
individual characteristics such as educational attainment, social class and
housing tenure along with linkages to small area deprivation. Furthermore, the
longitudinal nature of the LS, which links individual records across multiple
censuses, facilitates survival analysis over a long follow-up period. This is not
possible with the time-series of cross-sectional mortality data as used in the

previous chapter.
5.2 Background

5.2.1 Trends in colorectal cancer incidence by deprivation

Findings from previous studies investigating the relationship between socio-
economic deprivation and colorectal cancer incidence have been inconsistent.
There is evidence that the association between socio-economic deprivation and
colorectal cancer incidence has changed direction over recent decades. In the
1980s, affluence was associated with an increased risk of colon and rectal
cancer in Europe (Faggiano et al., 1997). In an analysis of colorectal cancer
cases diagnosed between 1987 and 1992 in the South Thames region of
England, however, no association was found between deprivation and
incidence of colorectal cancer (Pollock and Vickers, 1997). The study used an
area-based proxy indicator of deprivation status, the Townsend deprivation
index, derived from 1991 Census variables and assigned these based on each
patient’'s home postcode and corresponding enumeration district. Standardised
incidence ratios were calculated for deciles of the Townsend index. The

disadvantage of proxy measures is that some patients will be misclassified.
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In a study of socio-economic differences in colorectal cancer incidence using
individual indicators of socio-economic status from the ONS Longitudinal Study,
trends in colorectal cancer incidence in England and Wales were not consistent
by indicator (Brown et al., 1998). Using a measure of social class from the 1971
Census, women in more advantaged social groups experienced higher
incidence while there was no significant association for men. When a later
measure of social class was used (from the 1981 Census), however, the
direction of the association appeared to have changed among women, with
higher incidence in the manual social classes. Among men, incidence was
higher in both social classes IIIN (skilled non-manual) and llIM (skilled manual)

when the later measure of social class was used.

In the early 1990s, a clear (but not large) deprivation gradient in rectal cancer
for males was reported in England and Wales, with incidence rates around 25%
higher in the more deprived groups than in the affluent groups, based on the
Carstairs index of deprivation (Quinn et al., 2001). There was, however, no
variation in rectal cancer incidence by deprivation in females or colon cancer
incidence by deprivation group for either males or females. Since then, a clear
association between colorectal cancer incidence and deprivation in men has
been found in England and Wales, based on incidence data between 1996 and
2010 and using the English IMD (National Cancer Intelligence Network, 2014)
and in Scotland, from 2005 onwards using the Scottish IMD (Oliphant et al.,
2011). No association was reported among women. More recently, however, a
deprivation gradient in colorectal cancer in women has become apparent in
Scotland, again based on the Scottish IMD (Tweed et al., 2018).

Given the apparent shift in the relationship between socio-economic deprivation
and colorectal cancer incidence, continued monitoring is needed with more
recent data to see if the patterns are changing. Furthermore, analysis by
different measures of deprivation is needed, both individual-level indicators,
which may capture variations in (dis-)advantage (e.g. educational attainment),

and area-based measures.
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5.2.2 Trends in colorectal cancer survival by deprivation

Large inequalities in colorectal cancer survival by socio-economic deprivation in
England have been consistently reported (Coleman et al., 2004). Lower survival
for colorectal cancer patients living in deprived areas was first reported in the
UK in a study of patients in the South Thames region between 1987 and 1992
(Pollock and Vickers, 1997). Significantly lower five-year relative survival rates
were found among colorectal cancer patients living in the most deprived areas
compared with the least deprived, using the area-based Townsend deprivation
index. The differences in survival by deprivation status were not explained by

differences in the incidence of colorectal cancer in the study population.

Survival from cancers of the colon and rectum increased during the 1990s,
which may be attributable to both earlier diagnosis and improved treatment.
Improvements in survival were notably faster for the least deprived groups,
however, and as a result the deprivation gap in 5-year survival became
significantly steeper (Coleman et al., 2004). This suggests that more affluent
patients have benefited preferentially from progress in early diagnostic
procedures and in access to optimal treatment over this period. In a large,
cancer-registry-based studies of colon and rectal cancer patients in England
and Wales, the deprivation gap in 5-year survival for patients diagnosed during
1996-1999, using the area-based IMD measure of deprivation, was 6% and 7%
for males and female colon cancer respectively and 9% and 8% for male and

female rectal cancer respectively (Mitry et al., 2008a; Mitry et al., 2008b).

Recent studies of colorectal cancer patients in England have found similar
survival differences by socio-economic deprivation, using area-based measures
of socio-economic status (Mgller et al., 2012; Syriopoulou et al., 2019). A
common finding among recent studies is that survival differences by deprivation
are higher in the early period following diagnosis. Moller et al. (2012) found that
the excess death rate in the most deprived groups was most evident in the first
month of follow-up and after that was largely restricted to the first year after
diagnosis for colon cancer and two years for rectal cancer. Belot et al. (2019)
also found that most of the difference in the excess mortality between
deprivation groups happened during the beginning of follow-up and as follow-up
increased the difference between the most deprived group and other

deprivation groups narrowed.
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Few studies using cancer registry data contain individual-level indicators of
socio-economic status. Sloggett et al. (2007) investigated socio-economic
differences in cancer survival in England and Wales by four individual indicators
of socio-economic status: Registrar General’s Social Class, housing tenure,
household access to a car and the Carstairs indicator of area deprivation using
data from the ONS Longitudinal study for participants diagnosed between 1981
and 1997. The car access and tenure variables showed a statistically significant
association with colorectal cancer survival (poorer survival with lower socio-
economic status) but no association was apparent by the Carstairs measure or
by social class. The authors concluded that socio-economic differentials in
survival from colorectal cancer may vary by indicator used. More up to date
research is needed using a range of individual-level indicators of socio-

economic status and over a long follow-up period.
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5.3 Objectives

Describe the demographic and socio-economic attributes of LS members
with a diagnoses of colorectal cancer.

Investigate the association between colorectal cancer incidence and
individual and area-based indicators of socio-economic status using
time-to-event analysis.

Investigate the association between all-cause and cause-specific survival
and individual and area-based indicators of socio-economic status over a
15-year follow-up period among people with a colorectal cancer

diagnosis using time-to-event analysis.
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5.4 Data

5.4.1 The Office for National Statistics Longitudinal Study

5.4.1.1 Overview

The Office for National Statistics (ONS) Longitudinal Study (the LS) is a cohort
study containing linked census and life events data for a 1 per cent sample of
the population of England and Wales. It was set up in 1974 with the initial
sample drawn from the resident population enumerated at the 1971 Census
(Hattersley et al., 1995). Selection into the LS is by birth date. Four undisclosed
dates of birth were used to select a random, 1 per cent sample of the
population. The study was designed as a continuous, multi-cohort study with
subsequent samples drawn at each census, based on the same selection
criteria, and linked into the study. Between censuses, new members enter the
study via birth on an LS birth date or by immigration (if born on an LS birth date)

and existing members exit the study through death or emigration.

The original sample size of the LS was over 500,000 and has remained
consistently high over time. Data for approximately 1.1 million individuals has
been collected over the 40 years of the LS (Shelton et al., 2018).

Data about LS members is obtained from answers to census questions and
from linking administrative data routinely collected by ONS (formerly known as
OPCS) to the sample. These data are linked to LS members by the National
Health Service Central Register (NHSCR). Data from five censuses (1971,
1981, 1991, 2001 and 2011) are currently available for both LS members and
their households (University College London, 2021b). Events linked to LS
member’s include enlistments into the Armed Forces, embarkations, re-entries
to the NHS from enlistment or embarkation, immigration, new births, live and

still births to sample mothers, widowhoods, deaths and cancer registrations.

The LS is maintained and updated by the ONS. The LS data are available to
anyone in the UK who has obtained ONS Accredited Researcher status via the
ONS Approved Researcher Scheme (Office for National Statistics, 2021a). The
application process involves submitting a research project application which is
reviewed by the Data Owner, LS Research Board and Research Accreditation
Panel. The data can be accessed through the Secure Research Service (SRS)
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safe setting rooms at ONS offices in London, Newport and Titchfield. Outputs
are released to researchers through an output clearance process. Information
and support for UK-based researchers is provide by the Centre for Longitudinal
Study Information and User Support (CeLSIUS) (University College London,
2021a).

5.4.1.2 Census data

The census is a survey of all people and households in England and Wales that
takes place every 10 years. A large amount of sociodemographic data is
gathered at each census including information about employment, education,
marital status, housing tenure and household composition. The data consist of
the responses to the census questions and some additional variables (e.g.
social class) derived from relevant census variables. Questions asked on the
census have changed over time (e.g. questions about ethnicity and self-
reported limiting long-term illness were introduced in the 1991 Census).

Census data is linked to LS members and their households at each census time
point. The matching process involves taking a new census record for a person
born on an LS birth date and identifying a corresponding record in the LS. For
those who are matched, the new census data is added to their existing LS
record. Unmatched individuals are added as new members to the LS. Linkage
rates between censuses are generally very high at around 90 per cent (Shelton
et al., 2018).

5.4.2 Cancer registration data

Cancer registrations are collected by the National Cancer Registration and
Analysis Service in England and the Welsh Cancer Intelligence and
Surveillance Unit. These data are linked to LS member records through the
NHSCR. The NHSCR maintain records of all individuals in England and Wales
who are registered with the NHS. To link a cancer registration to a LS record,
the LS member must be traced (have an NHS number recorded at NHSCR) at
the time of the cancer registration. Event data in the LS are usually added
annually, with a two year delay but there may be a three year delay or more for

cancer registrations.

Cancer registrations have been linked to the LS from 1971 onwards. The

cancer registration data in the LS was last updated with information on cancer
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diagnoses up to and including 2015. Since 2016, the cancer registry has been
managed by the National Cancer Registration and Analysis Service (NCRAS)
with Public Health England (PHE). A data sharing agreement with PHE for the
linkage of cancer registration has not yet been put in place, therefore cancer

registrations after 2015 have not been linked to the LS.

The World Health Organisation International Classification of Diseases and
Related Health Problems (ICD) coding system is used to record the type and
site of cancer registrations. The ICD code current at the time of the cancer
registration is used. Since 18t January 1995 the ICD-10 coding system has been
used to code cancer registrations (World Health Organisation, 2019), prior to
this the ICD-8 (1971-1978) and ICD-9 (1979-1994) classifications were used.

5.4.3 Death registration data

Deaths of LS members are identified through two sources: routine notifications
to the NHSCR and searches of the ONS deaths database. It is a statutory
obligation to register a death, therefore the linkage rate of deaths of LS

members is very high.

Cause of death information is coded using the WHO ICD coding system. Three
versions of the ICD are used to code deaths in the LS: ICD8 (1971-81), ICD9
(1981-2000) and ICD10 (2001 onwards). One underlying cause of death is
identified and up to eight contributory causes of death may also be recorded for

each death.

The LS database is updated with death registrations annually by year of
registration with a two-year delay. There may be some deaths that occurred in
one year but are not registered until the following year. Furthermore, where
there was an inquest or post mortem, the cause of death may be amended. The
death data in the LS was last updated with information on deaths up to and
including 2016.

5.4.4 Embarkation data

LS members can exit the LS by emigration out of England and Wales — known
as embarkation. An LS member can have more than one embarkation event: if
they embark, re-enter the country and then re-embark. The data available on

embarkations is limited as most people do not give prior notice of an



96

embarkation (either by returning their NHS card or informing their GP).
Therefore, it is estimated that only around 50 per cent of embarkations are
reported to NHSCR.
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5.5 Methods

5.5.1 Data cleaning and recoding

LS members were classified for the work reported here by three established
indicators of socio-economic position: educational attainment, occupational
social class and housing tenure. A fourth, area-based measure of deprivation
(Townsend Deprivation Index) was appended to LS member records based on

each member’s area of residence.

These four measures were chosen to investigate different elements of socio-
economic position which may influence health outcomes. Educational
attainment could be related to awareness of disease symptoms and likelihood
to seek medical advice. Occupational social class is a proxy for income and is
also related to occupational hazards. Housing tenure is a measure of material
wealth and could also be related to living conditions. The Townsend Deprivation
Index is a measure of area deprivation. It was chosen over the Index of Multiple
Deprivation (IMD) as the LS includes people in both England and Wales and
there is no UK-wide measure of multiple deprivation.

All variables were recorded at the 2001 Census. Educational qualifications were
categorised into two groups based on higher education attainment: degree and
no degree. People aged 15 and under and 75 and over were not required to
answer this question in the 2001 Census. Information regarding educational
attainment was infilled from the previous census in 1991 for study members for
which this question was not applicable in 2001 (i.e. those aged under 15 and
those aged 75 and over at the 2001 Census). This is an advantage of the LS as
members data is linked between censuses. Only those LS members aged 50+
in 2001 were included in this study (outlined in section 1.5.2), therefore it is
unlikely that someone’s level of educational attainment would have changed
since the previous census so this was considered an appropriate method to
increase the proportion of members allocated to a category.

The Registrar General Social Class categories were used: Social Class |
(professional), Il (intermediate), [IIN (skilled non-manual), I1IM (skilled manual),
IV (semi-skilled manual) and V (unskilled manual). This classification was used
as it is comparable over time. The categories were further aggregated into two
groups: Non-manual (1, 11, lIN) and Manual (llIM, IV, V). As with educational
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attainment, questions regarding occupation were not asked of people aged 15
and under and 75 and over at the 2001 Census. This information was infilled
from the 1991 Census for study members aged 75 and over at the 2001
Census. If an individual did not have a social class category recorded at the
previous Census in 1991 (for example, if they were not in employment), this

information was recorded as missing.

Housing tenure was categorised as: owner-occupied (owned outright, owned
with a mortgage or loan, shared ownership), privately rented (private landlord or
letting agency, employer of a household member, relative or friend of household
member, other, lives rent free) or social rented (rented from council, other social
rented). People living in communal establishments or missing housing tenure

information were not included in the analysis.

Marital status was grouped into three categories: married (including first
marriage and re-marriage); separated, divorced or widowed; and single (never

married).

The 16 ethnic groups in the 2001 classification were combined into four
categories (White, Black, Indian/Pakistani/Bangladeshi, Chinese/Mixed/Other)

due to low numbers of cancer registrations in some ethnic groups.

The Townsend Deprivation Index scores were categorised into quintiles (1=
least deprived, 5 =most deprived). A Townsend quintile was appended to each
LS member’s record based on their small-area of residence, Lower Layer Super
Output Area (LSOA), at each census time point. This was to enable the
potential for investigating the influence of living in differently deprived areas
over time (though see later discussions). The linkages were carried out by ONS
using a lookup file provided as part of this work using a method developed by

Norman (Norman and Riva, 2012).

5.5.2 Study cohort

The study cohort comprised all LS members aged 50 years and over who were
recorded at the 2001 Census. This age group was chosen as incidence of
colorectal cancer among people aged under 50 is very low and hence there
were only a small number of colorectal cancer registrations among LS members
in this age group. Furthermore, there is some evidence that disease aetiology is

different among younger adults (under 50) than older adults (Araghi et al.,
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2019). The cohort were followed up and colorectal cancer registrations recorded
until December 2015.

Only LS members traced to the NHSCR were included in the study cohort as
cancer registrations cannot be linked to untraced members. This avoids
denominator bias. Members traced at the 1991 Census or earlier were included
to enable cancer registrations in the period preceding the start of following up
(April 2001) to be identified. LS members with a colorectal cancer diagnosis

prior to the start of the follow-up period were excluded from the analysis.

Colorectal cancer cases were identified in the linked cancer registration event
data based on ICD10 codes C18-21 and ICD9 codes 153 and 154. Only
information on primary cancers is kept in the LS. Where an LS member had
more than one primary case of colorectal cancer, the date of the first colorectal
cancer registration was taken. The date of cancer registrations was given in
month and year format. Access to information on the specific day of cancer

registration was not permitted to protect confidentiality of LS members.

In the analysis of colorectal cancer deaths, the study cohort comprised LS
members who had a colorectal cancer diagnosis aged 50 and over between
April 2001 and December 2015 and were followed up until December 2016.
Deaths of LS members were identified from the linked death registration event
data. Deaths for which colorectal cancer (ICD10 C18-21) was recorded as the
underlying cause of death were flagged to enable cause-specific survival

analysis.
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5.5.3 Directed acyclic graphs

Directed acyclic graphs (DAGs) were used to inform the statistical modelling
(Figure 5.1). The diagrams clarify how the variables relate to one another.
These relationships were based on evidence in the literature.

DAGs were used to help identify appropriate confounders to adjust for in
statistical models modelling the association between indicators of socio-
economic status and colorectal cancer outcomes. Separate diagrams were
produced for each exposure of interest: education, social class, housing tenure
and area of residence. A set of diagrams were created for colorectal cancer
registration as the outcome (Figures 1-4) and for cancer survival as the
outcome (Figures 5-8). All possible variables were included in the diagrams, as
is convention, even though some of them are not available in this data set. The
direction of association is shown with an arrow in the diagram. This was based
on the temporal order of the variables and the hypothesised pathways between
the variables, for example, educational attainment is likely to influence
occupational social class which will in turn influence housing tenure.

Confounders were identified as ancestors of the exposure and the outcome.

DAGitty software was used to create and analyse the DAGs (Textor et al.,
2016).
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5.5.4 Descriptive statistics

Descriptive statistics are presented for the study cohort in two cohort subsets.
The first cohort was split according to whether or not they had a colorectal
cancer registration during follow-up. The second cohort was split according to
whether or not they died during follow-up and whether or not the deaths were
from all-causes or from colorectal cancer as the underlying cause of death. Chi-

squared tests were used to detect differences between groups.

5.5.5 Time-to-event analysis

Time-to-event analysis was used in this study to examine the association
between indicators of socio-economic status and three outcomes: colorectal

cancer registration, survival from all-causes and cause-specific survival.

5.5.5.1 Incidence

In the analysis of colorectal cancer registrations the ‘event’ was a diagnosis of
colorectal cancer (recorded by the cancer registry). Time-to-event (in months)
was calculated for each study member from the start of the follow-up period
(April 2001) to the earliest date of either diagnosis of colorectal cancer, exit from
the study or the end of follow up (December 2015). As only access to month
and year of diagnosis was given, 0.5 of a month was added to all the times to
avoid a time-to-event of zero (which would be deleted from the time-to-event

analysis).

Kaplan-Meier cumulative incidence curves were produced to show the
probability of a colorectal cancer registration. Cumulative incidence, or
cumulative failure probability, is calculated as 1-S(t). Observed versus expected
colorectal cancer cases by socio-economic group were compared using the log
rank test for difference. Cox Proportional Hazards regression was performed to
estimate the hazard ratios (HR) and confidence intervals (Cl) of colorectal
cancer registration for each indicator of socio-economic status: educational
attainment, occupational social class, housing tenure and area deprivation. Two
models were run for each exposure variable. Model 1 was unadjusted and
Model 2 was adjusted for all variables (available in the data set) identified in the
corresponding causal diagram. In Model 2, when educational attainment was

the exposure the model was adjusted for age, sex, ethnicity and area
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deprivation; when social class was the exposure the model was adjusted for
age, sex, ethnicity, education and area of residence; when housing tenure was
the exposure the model was adjusted for age, sex, education, social class,
marital status and area of residence; and when area of residence was the
exposure the model was adjusted for age and ethnicity. The proportional
hazards assumption was assessed graphically using complimentary log-log
plots. If the proportional hazards assumption holds (that the effect of the factors
being investigated on the hazard is the same over the follow-up time) the lines

should be parallel i.e. at a fixed height above each other.

5.5.5.2 Survival

In the analysis of survival after a diagnosis of colorectal cancer, two events of
interest were examined: death from all-causes and death from colorectal

cancer.

For the analysis of all-cause deaths, survival time (in months) was calculated
from diagnosis of colorectal cancer to death or exit from the study or the end of
follow up (December 2016) for all LS members with a colorectal cancer
diagnosis. If a study member exited the study more than once, the first (earliest)
embarkation date was used to exclude individuals at the point of exit, as beyond

this they are no longer ‘at risk’ of having a (linkable) cancer registration.

For the analysis of cause-specific deaths, survival time (in months) was
calculated from diagnosis of colorectal cancer to death from colorectal cancer or
exit from the study or the end of follow-up (December 2016) for all LS members
with a colorectal cancer diagnosis. If a study member died of other causes
during follow-up the survival time was censored at the date of death.

Embarkations were treated as above.

Kaplan-Meier survival curves were produced to display the survival probability
by socio-economic group for both all-cause and cause-specific survival.
Observed versus expected deaths (all-cause and cause specific) by socio-
economic group were compared using the log rank test for difference. Cox
Proportional Hazards regression was performed to estimate the hazard ratios
(HR) and confidence intervals (Cl) of death from all-causes and death from

colorectal cancer. Two models were run for each of the exposure variables, with
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adjustments detailed above. Complimentary log-log plots were used to assess

the proportional hazards assumption.

Crude probabilities of death due to colorectal cancer and due to other causes
were calculated for each socio-economic group to allow for an assessment of
the probability of dying from colorectal cancer in the presence of competing

risks.
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5.6 Results

The results are presented in three sections, according to the outcome of
interest. Firstly, results for the analysis examining associations between
indicators of socio-economic status and colorectal cancer incidence are
presented, this is followed by the results for all-cause survival and finally,

cause-specific survival.

5.6.1 Colorectal cancer incidence

Figure 5.9 details the number of LS members enumerated at the 2001 Census
and how the study-specific sample size is reduced by the exclusions imposed.
Of the 186,687 LS members aged 50+ present at the 2001 Census, 7,029 had
not been traced at the 1991 Census (or earlier). A further 1,542 had a primary
colorectal cancer diagnosis before April 2001. This gave a final study sample of
178,116 individuals.

186,687 LS members aged 50+ at 7,029 LS members
the 2001 census excluded because record

not traced at 1991 census

A4

v
179,658 LS members traced at 1,542 LS members

excluded hecause of

WANVINMINAN N W VRANAT N

previous CRC diagnosis

AN A

1991 Census

\ 4

178,116 LS members included in
time-to-event analysis of CRC
registrations

Figure 5.9 Flow diagram of study sample for analysis of CRC registrations

The socio-demographic characteristics of the study members are reported in
Table 5.1. There were slightly more males than females (54% and 46%
respectively). The vast majority of study participants were of White ethnicity
(96%). Nearly two-thirds of the study sample were married (64%), 29% were

separated, divorced or widowed and just 6.5% were single. The majority of the
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study sample did not have degree level qualifications (86.5% compared to 13%
with a degree). A higher proportion of study participants were employed in non-
manual occupations (44%), compared to manual occupations (36%). Despite
infilling educational attainment and social class information from the previous
census in 1991, nearly a fifth of records are not assigned a social class as this
information can only be recorded if they have had an occupation and there will
be some people, particularly women of this age group, who have never worked.
There were fewer people living in more deprived areas compared to the least
deprived areas. This is a function of using the comparable deprivation quintiles
over time. On average, area deprivation eases over time (using the Townsend
Deprivation Index input variables) and as people age into mid-life, on average
there is a move towards less deprived areas.
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Variable Category n %
Total 178,116
Sex Male 81,802 45.9
Female 96,314 541
Age group 50-59 67,234 37.7
60-69 50,317 28.2
70-79 39,256 22.0
80+ 21,308 12.0
Missing 1 0.0
Ethnic group White 170,367 95.6
Black 1,686 0.9
Indian/Pakistani/Bangladeshi 4,887 2.7
Chinese/Mixed/Other 1,128 0.6
Missing 48 0.0
Marital status Married 114,434 64.2
Separated/Divorced/Widowed 52,024 29.2
Single 11,657 6.5
Missing 1 0.0
Educational attainment |No degree 154,152 86.5
Degree 22,555 12.7
Missing 1,409 0.8
Occupational social class|Non manual 78,804 44.2
Manual 64,881 36.4
Missing 34,431 19.3
Housing tenure Owner occupied 136,239 76.5
Privately rented 9,503 5.3
Social rented 28,103 15.8
Missing (Communal establishment) 4,271 24
Area deprivation 1- Least deprived 78,444 44.0
2 42,669 24.0
3 27,624 15.5
4 20,022 11.2
5 - Most deprived 9,325 5.2
Missing 32 0.0

Table 5.1 Characteristics of study sample for analysis of CRC
registrations (Data source: ONS LS)
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There were 4,421 cases of colorectal cancer during a mean follow up time of
11.8 years. Cases prevalent at baseline were excluded. There were 3 cases
diagnosed after embarkation (exit from the study) which were excluded from the
analysis. This left the sample with 4,418 incident colorectal cancers for the time-

to-event analysis.

Colorectal cancer cases and non-cases by socio-demographic characteristics
are shown in Table 5.2. The percentage of colorectal cancer cases was
significantly different by sex (higher in men), age group (higher in those aged
60-79), ethnic group (higher in the White ethnic group), marital status (higher
among those married), educational attainment (higher among those without a
degree) and social class (higher in manual social classes). There was no
significant difference by housing tenure or Townsend deprivation quintile.
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Total Case Non-case Chi-squared
Variable Category n % n %
Total 178,116 4,418 2.5(173,698| 975
Sex Male 81,802| 2,378 29| 79,424 97.1|p <0.001
Female 96,314| 2,040 21| 94,274 97.9
Age group 50-59 67,234 1,039 15| 66,195| 98.5(p <0.001
60-69 50,317 1,508 3.0 48,809 97.0
70-79 39,256| 1,374 3.5| 37,882 96.5
80+ 21,308 497 23| 20,811 97.7
Ethnic group White 170,367 4,313 2.5(166,054 97.5|p <0.001
Black 1,686 35 21 1,651 97.9
Indian/Pakistani/Bangladeshi 4,887 51 1.0 4,836 99.0
Chinese/Mixed/Other 1,128 19 1.7] 1,109| 98.3
Marital status Married 114,434 2,942 2.6(111,492 97.4(p =0.002
Separated/Divorced/Widoweq 52,024| 1,226 24| 50,798 97.6
Single 11,657 250 21 11,407 97.9
Educational attainment  |No degree 154,152| 3,891 2.51 150,261 97.5|p <0.001
Degree 22,555 497 22| 22,058 97.8
Occupational social class|Non manual 78,804| 1,884 24| 76,920 97.6(p <0.001
Manual 64,881 1,694 26| 63,187 974
Housing tenure Owner occupied 136,239| 3,437 2.51 132,802 97.5(p=0.776
Privately rented 9,503 229 24 9,274 97.6
Social rented 28,103 713 2.5 27,390 975
Area deprivation 1- Least deprived 78,444 2,021 26| 76,423 97.4|p =0.063
2 42,669 1,068 2.5 41,601 97.5
3 27,624 655 24 26,969 97.6
4 20,022 452 2.3 19,570 97.7
5 - Most deprived 9,325 222 24 9103 976

Table 5.2 Study sample by demographic characteristics and colorectal cancer cases and non-cases (Data source: ONS LS)
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5.6.1.1 Time-to-event analysis

Kaplan-Meier cumulative incidence curves by indicator of socio-economic status
are displayed in Figure 5.10. The cumulative incidence trends are summarised
in Table 5.3. Cumulative incidence of colorectal cancer registrations at 5, 10
and 14 years of follow-up are shown (follow-up was from April 2001 to
December 2015 for cancer registrations so there was not a full fifteenth year of
follow-up). At each time point, cumulative colorectal cancer incidence was
higher among study members with no degree, compared to those with a
degree; among those in manual occupations, compared to those in non-manual
occupations; and among those living in rented housing, compared to those
living in owner-occupied housing. There was no gradient in cumulative

colorectal cancer incidence by quintile of area deprivation.
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Figure 5.10 Kaplan-Meier cumulative incidence curves for probability of
colorectal cancer registration by: a) educational attainment; b) social
class; c) housing tenure; d) area deprivation (Data source: ONS LS)

Cumulative incidence per cent [95% CI]

Variable Category 5-year 10-year 14-year
Educational attainment|No degree 0.9[0.8-0.9] | 2.0[2.0-2.1] | 3.0[2.9-3.1]
Degree 0.7[0.6-0.8] | 1.5[1.4-1.7] | 2.3 [2.1-2.5]
Social class Non manual 0.7[0.6-0.7] | 1.6 [1.6-1.7] | 2.5[2.4-2.7]
Manual 0.8[0.8-0.9] | 1.9[1.8-2.0] | 2.9 [2.8-3.1]
Housing tenure Owner occupied | 0.8 [0.8-0.9] | 1.9[1.8-1.9] | 2.8 [2.7-2.9]
Private rented 1.0[0.8-1.2] | 2.2[1.9-2.5] | 3.0 [2.6-3.4]
Social rented 1.1[1.0-1.2] | 2.4 [2.2-2.6] | 3.3 [3.1-3.6]
Area deprivation 1 - Leastdeprived| 0.9[0.8-0.9] | 2.0[1.9-2.1] | 2.9 [2.8-3.1]
2 0.9[0.8-1.0] | 2.0[1.9-2.2] | 3.0[2.8-3.2]
3 0.8[0.7-0.9] | 2.0[1.8-2.2] | 2.9[2.7-3.1]
4 0.8[0.7-0.9] | 1.8 [1.6-2.0] | 2.8 [2.5-3.0]
5 - Most deprived | 0.8 [0.7-1.1] | 1.8 [1.6-2.2] | 3.0 [2.6-3.4]

Table 5.3 Cumulative incidence of colorectal cancer registrations over
time by indicator of socio-economic status (Data source: ONS LS)
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Log-rank tests for difference (Table 5.4) show statistically significant differences
in the observed versus expected cases by educational attainment, social class
and tenure. There were more observed cases than expected among study
members without a degree and among those in manual occupations (compared
to fewer observed than expected cases among those with a degree and non-
manual occupations). For tenure, there were more observed than expected
cases in the private rented and social rented categories, compared to fewer
observed than expected cases in the owner occupied category. No significant
differences in colorectal cancer risk were observed by area deprivation

(Townsend deprivation quintile).

Variable Category Observed cases|Expected cases|Log-rank test
Educational attainment |No degree 3,891 3754 p <0.001
Degree 497 634
Occupational social class |Non manual 1,884 2016| p <0.001
Manual 1,694 1562
Housing tenure Owner occupied 3,437 3553| p <0.001
Privately rented 229 218
Social rented 713 608
Area deprivation 1- Least deprived 2,021 2013| p=0.820
2 1,068 1047
3 655 663
4 452 474
5 - Most deprived 222 221

Table 5.4 Log-rank test results for indicators of socio-economic status
showing observed versus expected CRC cases and test for difference
(Data source: ONS LS)

In Cox Proportional Hazards regression (Table 5.5), a significantly reduced risk
of colorectal cancer registration was observed among study members with a
degree, compared to those without a degree (unadjusted Model 1). This pattern
remained in Model 2 (adjusted for age, sex, ethnicity and area deprivation) (HR
0.89[0.81-0.98]). Conversely, a significantly increased risk was observed
among study members employed in manual occupations, compared to those in
non-manual occupations, however this association was not significant when
adjusted for confounders. Significant variation in colorectal cancer risk by
housing tenure was observed, but only for those in social rented housing, who
were at an increased risk of colorectal cancer compared to owner-occupiers.
This pattern remained in Model 2 (HR 1.11 [1.00-1.24]). There was no

significant difference in colorectal cancer risk among study members in private
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rented accommodation compared to those in owner-occupied housing. No
significant variation in colorectal cancer risk was found by area deprivation

(Townsend quintile).

The complimentary log-log plots for the analysis of colorectal cancer
registrations (see Appendix E) suggest that the proportional hazard assumption
holds for the educational attainment and social class indicators. On the log-log
plot for the housing tenure indicator, there is some crossing of the line for
private rented with the line for owner-occupation, however, the lines for social
rented and owner-occupation and pretty parallel throughout the study period.
This suggests the hazard ratio for private rented housing tenure, in comparison
to owner-occupation and social rented housing tenure may have changed over
time. The bumpy plot for private rented may also be due to a smaller sample
size in this category. It was difficult to assess the proportional hazards
assumption for the indicator of area deprivation as there is very little difference
in the hazard ratios by deprivation quintile, however, there does appear to be
some crossing of the lines which might suggest the proportional hazards

assumption does not hold for this indicator.
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Model 1 Model 2

Variable Category HR [95% CI] p-value [HR[95% CI] p-value
Educational attainment [No degree 1 1

Degree 0.76 [0.69-0.83] <0.001 | 0.89[0.81-0.98] 0.016
Social class Non manual 1 1

Manual 1.16 [1.09-1.24] <0.001 | 1.04[0.97-1.12] 0.270
Housing tenure Owner occupied |1 1

Private rented 1.09[0.95-1.24] 0.227 | 1.05[0.90-1.23] 0.530

Social rented 1.21 [1.12-1.31] <0.001 | 1.11[1.00-1.24] 0.046
Area deprivation 1 - Least deprived |1 1

2 1.02[0.94-1.09] 0.677 [0.99[0.92-1.07] 0.806

3 0.98[0.90-1.07] 0.722 | 0.97[0.89-1.06] 0.456

4 0.95[0.86-1.05] 0.331 [ 0.96[0.87-1.06] 0.427

5 - Most deprived |[1.00[0.87-1.15] 0.966 | 1.08[0.94-1.24] 0.293

Model 1 is unadjusted. Model 2 is adjusted for: age, sex, ethnicity and area deprivation (Educational attainment model); age, sex, ethnicity,
educational attainment, area deprivation (Social class model); age sex, education, social class, marital status and area deprivation (Housing tenure
model); age and ethnicity (Area deprivation model)

Table 5.5 Cox proportional hazards regression model results for risk of colorectal cancer registration April 2001-December
2015 (Data source: ONS LS)



Educational attainment
No degree

Degree

Social class
Non manual
Manual

Housing tenure
Owner occupied
Private rented
Social rented

Area deprivation

Quintile 1
Quintile 2
Quintile 3
Quintile 4
Quintile 5

0.00

123

HR (95% Cl)

Reference category
0.89[0.81-0.98]

Reference category
1.04 [0.97 - 1.12]

Reference category
1.05 [0.90 - 1.23]
1.11[1.00 - 1.24]

Reference category
0.99 [0.92 - 1.07]
0.97 [0.89 - 1.06]
1.96 [0.87 - 1.06]
1.08 [0.94 - 1.24]

2.00

Figure 5.11 Forest plot of adjusted hazards ratios of colorectal cancer registration by indicator of socio-economic status (Data

source: ONS LS)
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5.6.2 Colorectal cancer survival (all-cause)

This section presents results of survival analysis for patients diagnosed with
colorectal cancer at age 50 or over between April 2001 and December 2015
and followed up until December 2016. The event in this analysis is death from
all causes. The study sample and exclusions are outlined in Figure 5.12. The
number of colorectal cancer registrations is greater than that among the
previous cohort (section 1.6.1) as it includes all diagnoses between April 2001
and December 2015 to LS members aged 50+ at diagnosis (i.e. it includes
some people aged under 50 in 2001 but who were 50+ at diagnosis, whereas
the analysis of colorectal cancer registrations was restricted to only those aged
50+ at the April 2001 Census). Descriptive statistics of the survival times are
presented, followed by results of the log-rank test for difference and Cox
proportional hazards regression models.

5,284 LS members present at the 264 LS members excluded
2001 census, with a CRC » because aged under 50 at
diagnoses April 2001-Dec 2015 time of CRC diagnosis
h 4
5,020 LS members traced aged 4 LS members excluded

because they emigrated
prior to CRC diagnosis

A 4

50+ at time of CRC diagnosis

5,016 LS members included in
time-to-event analysis of death
from all-causes

Figure 5.12 Flow diagram of study sample for analysis of CRC survival
from all-causes of death

The socio-demographic characteristics of the study members are reported in
Table 5.6. There were slightly more males than females (54% and 46%
respectively). The 70-79 age group had the largest proportion (33%) of
colorectal cancer diagnoses. The vast majority of the cohort were in the White
ethnic group (97%). The majority of the study cohort did not have a degree
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(87% compared to 12% with a degree). Forty-four percent of the cohort were

employed in non-manual occupations, compared to 38% in manual

occupations. Again, as in the previous analysis, social class information could

not be recorded for a large number of LS members. The majority of the cohort

lived in owner-occupied housing (77%), followed by social rented housing
(16.3%) and private rented housing (5.6%). A higher proportion of sample
members lived in the least deprived areas compared to the most deprived

areas.
Variable Category n %
Total 5,016
Sex Male 2,696 53.7
Female 2,320 46.3
Age group 50-59 590 11.8
60-69 1,244 24.8
70-79 1,654 33.0
80+ 1,528 30.5
Ethnic group White 4,862 96.9
Black 46 0.9
Indian/Pakistani/Bangladeshi 78 1.6
Chinese/Mixed/Other 29 0.6
Missing 1 0.0
Marital status Married 3,337 66.5
Separated/Divorced/Widowed 1,352 27.0
Single 327 6.5
Educational attainment |No degree 4,347 86.7
Degree 608 12.1
Missing 61 1.2
Occupational social class|Non manual 2,183 43.5
Manual 1,913 38.1
Missing 920 18.3
Housing tenure Owner occupied 3,875 77.3
Privately rented 279 5.6
Social rented 818 16.3
Missing (Communal establishment) 44 0.9
Area deprivation 1- Least deprived 2,262 45.1
2 1,203 24.0
3 759 15.1
4 527 10.5
5 - Most deprived 264 5.3
Missing 1 0.0

Table 5.6 Characteristics of study sample for analysis of CRC survival
from all-causes of death (Data source: ONS LS)
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There were 3,048 deaths from all causes among the study population during a
mean follow up time of 3.8 years. Three deaths of study members who died
after embarkation (exit) were excluded from the analysis which left a sample of
3,045 deaths for the time-to-event analysis.

The proportion of deaths among study members was significantly different by
age group, educational attainment, social class, housing tenure and area

deprivation (Table 5.7). There was no significant difference by sex.

The proportion of members who died during follow up increased with age. For
individual-level indicators of socio-economic status, the proportion of deaths
was highest among those with no degree, those employed in manual
occupations and those in social rented housing. By area deprivation, the
proportion of deaths was highest in the most deprived Townsend quintile and
lowest in the least deprived quintile, however there was not a clear gradient in

the intermediate groups.
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Total Dead Alive Chi-squared
Variable Category n % n %
Total 5,016] 3,045 60.7| 1,971 39.3
Sex Male 2696| 1,615 59.9| 1,081 40.1|p=0.210
Female 2,320] 1,430 61.6 890 384
Age group 50-59 590 237 40.2 353 59.8|p <0.001
60-69 1,244 560 45.0 684 55.0
70-79 1,654 978 59.1 676 40.9
80+ 1,528| 1,270 83.1 258 16.9
Ethnic group White 4,862| 2,960 60.9| 1,902 39.1|p =0.232
Black 46 29 63.0 17 37.0
Indian/Pakistani/Bangladeshi 78 39 50.0 39 50.0
Chinese/Mixed/Other 29 16 55.2 13 44.8
Marital status Married 3,337 1,871 56.1| 1,466 43.9(p <0.001
Separated/Divorced/Widowed 1,352 965 71.4 387 28.6
Single 327 209 63.9 118 36.1
Educational attainment  |No degree 4347 2,696 62.0| 1,651 38.0|p <0.001
Degree 608 291 47.9 317 52.1
Occupational social class|Non manual 2,183 1,120 51.3| 1,063 48.7|p <0.001
Manual 1,913 1,127 58.9 786 411
Housing tenure Owner occupied 3,875 2,221 57.3| 1,654 42.7|(p <0.001
Privately rented 279 182 65.2 97 34.8
Social rented 818 600 73.3 218 26.7
Area deprivation 1- Least deprived 2,262 1,305 57.7 957 42.3(p <0.001
2 1,203 755 62.8 448 37.2
3 759 479 63.1 280 36.9
4 527 321 60.9 206 39.1
5 - Most deprived 264 184 69.7 80 30.3

Table 5.7 Study sample by demographic characteristics and death from all-causes (Data source: ONS LS)
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5.6.2.1 Time-to-event analysis

Kaplan-Meier survival curves are shown in Figure 5.13 showing the proportion
of the study sample surviving over the follow-up time by indicator of socio-
economic status. The survival trends are summarised in Table 5.8. Study
members with a degree had better all-cause survival than those without a
degree (5-year survival of 55%, compared to 44%). Those employed in non-
manual occupations had better survival than those in manual occupations (5-
year survival of 53%, compared to 46%). By housing tenure, 48% of those living
in owner occupied housing survived for at least 5-years, compared to 42% and
33% of those in private rented and social rented housing respectively. Study
members living in the most deprived areas had poorer survival than those living
in the least deprived areas (5-year survival of 38% and 48% respectively).
There was little variation in survival between the intermediary quintiles of area
deprivation.
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Figure 5.13 Kaplan-Meier survival curves for probability of death from all-
causes by: a) educational attainment; b) social class; c) housing tenure;
d) area deprivation (Data source: ONS LS)
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Proportion surviving over time [95% CI]

Variable

Category

5-year

10-year

15-year

Educational attainment

No degree
Degree

0.44 [0.42-0.45]
0.55 [0.51-0.60]

0.31[0.29-0.32]
0.42 [0.37-0.47]

0.21[0.18-0.23]
0.35 [0.28-0.42]

Social class

Non manual
Manual

0.53 [0.51-0.55]
0.46 [0.44-0.49]

0.41[0.38-0.43]
0.33 [0.31-0.36]

0.31[0.28-0.35]
0.25 [0.22-0.28]

Housing tenure

Owner occupied
Private rented
Social rented

0.48 [0.46-0.50]
0.42 [0.35-0.48]
0.33 [0.29-0.36]

0.35[0.33-0.37]
0.25[0.18-0.31]
0.20 [0.16-0.23]

0.25 [0.22-0.28]
0.16 [0.08-0.26]
0.14[0.11-0.18]

Area deprivation

1 - Least deprived
2
3
4
5 - Most deprived

0.48 [0.46-0.50]
0.42 [0.39-0.45]
0.43 [0.39-0.46]
0.43 [0.39-0.48]
0.38 [0.32-0.44]

0.35[0.33-0.38]
0.30 [0.27-0.33]
0.28 [0.24-0.32]
0.29 [0.24-0.35]
0.24 [0.18-0.30]

0.26 [0.22-0.29]
0.18 [0.14-0.23]
0.19 [0.14-0.26]
0.20 [0.13-0.28]
0.17 [0.11-0.24]

Table 5.8 Summary of all-cause survival trends by indicator of socio-economic status (Data source: ONS LS)
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There was a statistically significant difference in all-cause survival by
educational attainment, social class, housing tenure and area deprivation.
There were more deaths observed than expected among study members in
manual occupations, private and social rented housing and in the two most
deprived Townsend quintiles. Conversely, there were fewer deaths observed
than expected among members with a degree, in non-manual occupations,
owner-occupied housing and in the least deprived Townsend quintile (Table
5.9).

Variable Category Observed cases|Expected cases|Log-rank test
Educational attainment No degree 2,696 2,574 p<0.001
Degree 291 413
Occupational social class |Non manual 1,120 1,235( p<0.001
Manual 1,127 1,012
Housing tenure Owner occupied 2,221 2,420 p<0.001
Privately rented 182 163
Social rented 600 421
Area deprivation 1- Least deprived 1,305 1,433 p<0.001
2 755 712
3 479 444
4 321 310
5 - Most deprived 184 145

Table 5.9 Log-rank test results for indicators of socio-economic status
showing observed versus expected number of deaths from all causes and
test for difference (Data source: ONS LS)

In Cox Proportional Hazards regression (Table 5.10), study members with a
degree had a statistically significantly decreased risk of death compared to
those without a degree (unadjusted Model 1). This pattern remained in Model 2
(adjusted for age, sex, ethnic group and area deprivation) (HR 0.82 [0.72-0.92]).
Conversely, study members employed in manual occupations had a statistically
significantly increased risk of death compared those employed in non- manual
occupations, which remained in Model 2 (adjusted for age, sex, ethnic group,
education and area deprivation) (HR 1.17 [1.07-1.28]). Study members living in
private rented and social rented housing had a statistically significantly
increased risk of death compared to those living in owner occupied housing.
The increased risk for those in private rented housing was no longer significant
in Model 2 (adjusted for age, sex, educational attainment, social class, marital
status and area deprivation) but remained for those in social rented housing
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(HR 1.31 [1.16-1.49]). There was a statistically significant increased risk of
death among those living in the most deprived Townsend quintile compared to
the least deprived quintile which remained in Model 2 (adjusted for age and
ethnic group) (HR 1.36 [1.16-1.59]). Quintiles 2, 3, and 4 also had a statistically
significantly increased risk of death compared to Quintile 1 (least deprived) in

Model 1 and 2 but there was not a clear gradient among these groups.

Complimentary log-log plots (see Appendix E) suggest the proportional hazards
assumptions holds for the educational attainment and social class indicators.
There was some divergence of the lines on the plot for housing tenure, although
the lines for owning occupied and social rented housing remained pretty
parallel. On the plot for area deprivation, there was some crossing of the lines
for the intermediate Townsend quintiles, but the lines for Quintile 1 (least
deprived) and Quintile 5 (most deprived) remained generally parallel

throughout.
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Model 1 Model 2

Variable Category HR [95% CI] p-value [HR[95% CI] p-value
Educational attainment|No degree 1 1

Degree 0.67 [0.60-0.76] <0.001 (0.82[0.72-0.92] 0.001
Social class Non-manual 1 1

Manual 1.23 [1.13-1.33] <0.001 |1.17 [1.07-1.28] 0.001
Tenure Owner occupied |1 1

Private rented 1.22[1.05-1.42] 0.010 |1.16[0.96-1.40] 0.125

Social rented 1.55[1.42-1.70] <0.001 |1.31[1.16-1.49] <0.001
Area deprivation 1 - Least deprived |1 1

2 1.16 [1.06-1.27] 0.001 |1.16[1.06-1.27] 0.001

3 118 [1.07-1.31] 0.002 |1.18 [1.06-1.31] 0.002

4 1.14[1.01-1.28] 0.040 |1.17[1.04-1.33] 0.010

5 - Most deprived |{1.39 [1.19-1.62] <0.001 |1.36 [1.16-1.59] <0.001

Model 1 is unadjusted. Model 2 is adjusted for: age, sex, ethnicity and area deprivation (Educational attainment model); age, sex, ethnicity,
educational attainment, area deprivation (Social class model); age sex, education, social class, marital status and area deprivation (Housing tenure
model); age and ethnicity (Area deprivation model)

Table 5.10 Cox proportional hazards regression model results for risk of death from all-causes April 2001-December 2016 (Data
source: ONS LS)
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Educational attainment

No degree * Reference category
Degree - 0.82 [0.72-0.92]
Social class
Non manual n Reference category
Manual - 1.17 [1.07-1.28]

Housing tenure

Owner occupied * Reference category
Private rented = - ! 1.16 [0.96-1.40]
Social rented - 1.31[1.16-1.49]

Area deprivation

Quintile 1 . Reference category

Quintile 2 s 1.16 [1.06-1.27]

Quintile 3 P 1.18[1.06-1.31]

Quintile 4 - 1.17 [1.04-1.33]

Quintile 5 * = ! 1.36[1.16-1.59]
0.00 0.50 1.00 1.50 2.00

HR (95% Cl)

Figure 5.14 Forest plot of adjusted hazards ratios of death from all causes by indicator of socio-economic status (Data source:
ONS LS)
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5.6.3 Colorectal cancer survival (cause-specific death)

This section presents results of survival analysis for the same cohort as section
1.6.2 (patients diagnosed with colorectal cancer at age 50 or over between April
2001 and December 2015 and followed up until December 2016) but the event
of interest in this analysis is death from colorectal cancer. Of the 3,045 deaths
of study members during the follow-up period, there were 1,825 deaths (60%)
from colorectal cancer and 1,220 (40%) from other causes. LS members who

died from other causes were censored at the date of death in this analysis.

The proportion of the study cohort who died of colorectal cancer was
significantly different by sex (higher in females), age group (higher in older age
groups), educational attainment (higher among those without a degree), social
class (higher among those in manual occupations), housing tenure (higher
among those living in social rented housing) and area deprivation (higher in the

most deprived quintile compared to the least deprived quintile) (Table 5.11).
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Total Dead from CRC [Not dead from CRC|Chi-squared
Variable Category n % n %
Total 5,016 1,825 36.4 3,191 63.6
Sex Male 2,696 928 344 1,768 65.6|p =0.002
Female 2,320 897 38.7 1,423 61.3
Age group 50-59 590 168 28.5 422 71.5(p <0.001
60-69 1,244 359 28.9 885 71.1
70-79 1,654 562 34.0 1,092 66.0
80+ 1,528 736 48.2 792 51.8
Ethnic group White 4,862 1,772 36.4 3,090 63.6|p =0.157
Black 46 20 43.5 26 56.5
Indian/Pakistani/Bangladeshi 78 20 25.6 58 744
Chinese/Mixed/Other 29 12 414 17 58.6
Marital status Married 3,337 1,120 33.6 2,217 66.4|p <0.001
Separated/Divorced/Widowed 1,352 578 42.8 774 57.2
Single 327 127 38.8 200 61.2
Educational attainment No degree 4,347 1,602 36.9 2,745 63.1|p=0.011
Degree 608 192 31.6 416 68.4
Occupational social class [Non manual 2,183 690 31.6 1,493 68.4(p =0.009
Manual 1,913 679 35.5 1,234 64.5
Housing tenure Owner occupied 3,875 1,331 34.3 2,544 65.7|p < 0.001
Privately rented 279 103 36.9 176 63.1
Social rented 818 364 44 .5 454 55.5
Area deprivation 1- Least deprived 2,262 775 34.3 1,487 65.7|p =0.039
2 1,203 457 38.0 746 62.0
3 759 281 37.0 478 63.0
4 527 200 38.0 327 62.0
5 - Most deprived 264 111 42.0 153 58.0

Table 5.11 Study sample by demographic characteristics and cause-specific death (Data source: ONS LS)
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Kaplan-Meier survival curves show cause-specific survival over the follow-up
period by indicator of socio-economic status (Figure 5.15). The survival trends

are summarised in Table 5.12.

Study members with a degree had better cause-specific survival than those
without a degree (5-year survival of 66% compared to 59%). Those employed in
mon-manual occupations had better cause-specific survival than those in
manual occupations (5-year survival of 66% compared to 61%). Conversely,
members living in social rented housing (5-year survival of 49%) had worse
survival than those in owner occupied (62%) and private rented housing (59%).
People living in the least deprived areas had the best cause-specific survival
and those in the most deprived areas had the worst survival (5-year survival of
63% and 52% respectively).
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Figure 5.15 Kaplan-Meier survival curves for probability of colorectal
cancer death by: a) educational attainment; b) social class; ¢) housing
tenure; d) area deprivation (Data source: ONS LS)
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Proportion surviving over time [95% CI]

Variable

Category

5-year

10-year

15-year

Educational attainment

No degree
Degree

0.59 [0.57-0.61]
0.66 [0.61-0.70]

0.55 [0.53-0.57]
0.60 [0.54-0.64]

0.53 [0.51-0.55]
0.60 [0.54-0.64]

Social class

Non manual
Manual

0.66 [0.64-0.68]
0.61 [0.58-0.63]

0.62 [0.59-0.64]
0.55 [0.52-0.58]

0.61[0.58-0.63]
0.53 [0.50-0.57]

Housing tenure

Owner occupied
Private rented
Social rented

0.62 [0.60-0.64]
0.59 [0.52-0.66]
0.49 [0.45-0.53]

0.58 [0.56-0.60]
0.52 [0.43-0.60]
0.45 [0.41-0.50]

0.56 [0.54-0.58]
0.49 [0.38-0.58]
0.45 [0.41-0.50]

Area deprivation

1 - Least deprived
2
3
4
5 - Most deprived

0.63 [0.60-0.65]
0.57 [0.54-0.60]
0.59 [0.55-0.63]
0.58 [0.53-0.62]
0.52 [0.45-0.59]

0.58 [0.56-0.61]
0.54 [0.50-0.57]
0.53 [0.48-0.58]
0.52 [0.46-0.58]
0.50 [0.43-0.57]

0.56 [0.53-0.59]
0.52 [0.48-0.56]
0.52 [0.46-0.57]
0.52 [0.46-0.58]
0.50 [0.43-0.57]

Table 5.12 Summary of cause-specific survival trends by indicator of socio-economic status (Data source: ONS LS)
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The difference in cause-specific survival by educational attainment, social class,
housing tenure and area deprivation was statistically significant (Table 5.13).
There were more observed than expected colorectal cancer deaths among
those in manual social class, social rented housing and in the most deprived
areas. Conversely, there were fewer colorectal cancer deaths observed than
expected among those with a degree, in owner-occupied housing and in the

least deprived areas.

Variable Category Observed cases | Expected cases |Log-rank test
Educational attainment No degree 1,602 1549 p <0.001
Degree 192 245
Occupational social class |Non manual 690 7501 p=0.001
Manual 679 619
Housing tenure Owner occupied 1,331 1444 p<0.001
Privately rented 103 99
Social rented 364 255
Area deprivation 1- Least deprived 775 849 p=0.004
2 457 430
3 281 269
4 200 188
5 - Most deprived 111 88

Table 5.13 Log-rank test results for indicators of socio-economic status
showing observed versus expected number of colorectal cancer deaths
and test for difference (Data source: ONS LS)

In Cox Proportional Hazards regression models (Table 5.14), study members
employed in manual occupations had an increased risk of colorectal cancer
death compared to those in non-manual occupations (unadjusted Model 1),
which remained statistically significant in Model 2 (HR 1.19 [1.06-1.34]).

Study members living in social rented housing had an increased risk (HR 1.31
[1.12-1.53]) of colorectal cancer death compared to those living in owner-
occupied housing, however, there was not a statistically significant difference in
risk among those living in private rented housing compared to owner-occupied

housing.

Study members living in the most deprived areas had an increased risk of
colorectal cancer death compared to those living in the least deprived areas
(HR 1.35 [1.10-1.65]). While there was a small but statistically significant
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increase in risk of death in Townsend quintiles 2 and 4, compared to quintile 1

(least deprived), there was not a clear gradient by area deprivation.

People with a degree had a decreased risk of colorectal cancer death,
compared to those without a degree but this was not significant in the adjusted

model.

The complimentary log-log plots (see Appendix E) suggest the proportional
hazards assumption holds for the educational attainment and social class
variables. Again, there is some divergence in the lines for private rented
housing and owner-occupied housing in the plot for housing tenure which
suggest the relationship may have changed over time and there was some

crossing of the lines for the intermediate quintiles of area deprivation.
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Model 1 Model 2

Variable Category HR [95% CI] p-value |Hazard ratio p-value
Educational attainment [No degree 1 1

Degree 0.76 [0.65-0.88] <0.001 {0.89[0.77-1.04] 0.140
Social class Non-manual 1 1

Manual 1.19[1.07-1.33] 0.001 (1.19[1.06-1.34] 0.003
Tenure Owner occupied |1 1

Private rented 1.13[0.92-1.38] 0.247 |1.06[0.83-1.35] 0.666

Social rented 1.55[1.38-1.74] <0.001 (1.31[1.12-1.53] 0.001
Area deprivation 1 - Least deprived |1 1

2 116 [1.04-1.31] 0.010 (1.16[1.03-1.30] 0.011

3 1.14[1.00-1.31] 0.056 |1.14[0.99-1.31] 0.063

4 1.17[1.00-1.36] 0.052 |1.20[1.03-1.40] 0.021

5 - Most deprived |1.38[1.13-1.68] 0.001 |1.35[1.10-1.65] 0.004

Model 1 is unadjusted. Model 2 is adjusted for: age, sex, ethnicity and area deprivation (Educational attainment model); age, sex, ethnicity,
educational attainment, area deprivation (Social class model); age sex, education, social class, marital status and area deprivation (Housing tenure
model); age and ethnicity (Area deprivation model)

Table 5.14 Cox proportional hazards regression model results for risk of colorectal cancer death April 2001 — December 2016
(Data source: ONS LS)
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Educational attainment

No degree * Reference category
Degree —— 0.89[0.77-1.04]
Social class
Non manual " Reference category
Manual - 1.19[1.06-1.34]

Housing tenure

Owner occupied * Reference category
Private rented = - ! 1.06 [0.83-1.35]
Social rented = - = 1.31[1.12-1.53]

Area deprivation

Quintile 1 * Reference category

Quintile 2 e 1.16 [1.03-1.30]

Quintile 3 A 1.14 [0.99-1.31]

Quintile 4 % - = 1.20[1.03-1.40]

Quintile 5 = = = 1.35[1.10-1.65]
0.00 0.50 1.00 1.50 2.00

HR (95% Cl)

Figure 5.16 Forest plot of adjusted hazards ratios of death from colorectal cancer by indicator of socio-economic status (Data
source: ONS LS)
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The crude probability of death graph (Figure 5.17) shows the probability of
death due to colorectal cancer and due to other causes over the following up
period. There was a higher proportion of colorectal cancer deaths in the first 3-
years of follow-up. This then levels off at around 5-years and the proportion of
deaths from other causes continues to increase, making up a larger proportion
of the overall deaths. A similar pattern was observed for all indicators of socio-

economic status.
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Crude probability of death
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Time from diagnosis (years)

B Dead (colorectal cancer) HEDead (other causes) [@Alive

Figure 5.17 Crude probability of death from colorectal cancer and other
causes (Data source: ONS LS)
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5.7 Discussion

5.7.1 Summary

Socio-economic status and colorectal cancer incidence

This study found a small but statistically significant decreased risk of colorectal
cancer among people with a degree, compared to those without a degree.
Conversely, a small but significant increase in colorectal cancer risk was
observed among people living in social rented housing, compared to owner
occupiers. There was an increased risk of colorectal cancer among people in
manual occupations compared to non-manual occupations, but this was not

statistically significant when adjusted for confounders.

No association was found between CRC risk and area deprivation in this study,
which is contrary to recent research which has reported an emerging
association between colorectal cancer incidence and deprivation, measured at
the area-level. Different measures of area deprivation were used which makes
comparisons more difficult. This study used the Townsend Deprivation Index
whereas previous studies have used Scottish IMD (Oliphant et al., 2011; Tweed
et al., 2018) and English IMD (National Cancer Intelligence Network, 2014)
which use different variables to generate the indices. Previous research using
the Townsend Deprivation Index in the South Thames region of England found
also found no association between colorectal cancer incidence and area
deprivation (Pollock and Vickers, 1997), however the study was cross-sectional,
whereas the longitudinal nature of the LS data enabled time-to-event analysis to
be employed. It is unlikely to be the specifics of the deprivation measures which
lead to variations in findings since there are strong correlations between the
Townsend index and the IMDs (Norman, 2010).

The disadvantage of using proxy measures of deprivation is that some
individuals will be misclassified. Not all individuals living in deprived areas will
experience the same level of deprivation. Furthermore, recent research
suggests area-level deprivation is not necessarily a good indicator of individual
socio-economic circumstances (Ingleby et al., 2020). This could explain the lack
of area affects observed in this study despite associations between individual
indicators of socio-economic position and CRC incidence.
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Most previous studies have used area-level measures of deprivation (due to the
lack of individual-level socio-economic data collected by cancer registries),
however, one previous study using the LS found the trend in colorectal cancer
incidence was inconsistent over time by measurement of social position (Brown
et al., 1998). They found incidence was higher in women in the non-manual
classes when measured at the 1971 Census but when measured at the 1981
Census incidence was higher among women in the manual classes. In this
study, using social class measured at the 2001 Census, an increased risk of
CRC incidence was also observed among people in manual occupations
(compared to those in non-manual occupations) but the association was not

statistically significant when adjusted for confounders.

One explanation for an association between colorectal cancer incidence and
socio-economic status could be differential exposure to modifiable risk factors
(Brown et al., 2018). There is strong evidence to link socio-economic
disadvantage with exposures known to increase risk of colorectal cancer such
as unhealthy diet and smoking (Office for National Statistics, 2017).
Furthermore, there have been changes over time in the distribution of risk
factors, which is likely to have an influence on colorectal cancer trends (Brown
et al., 2018).

Socio-economic status and colorectal cancer survival

This study found a statistically significant association between all-cause survival
and all four measures of socio-economic status among LS members with a
diagnosis of colorectal cancer. An increased risk of death was observed among
those without a degree, compared to those with a degree; those employed in
manual occupations, compared to those in hon-manual occupations; those in
social rented housing, compared to owner-occupiers and those in the most

deprived areas, compared to the least deprived.

A statistically significant relationship was also found between cause-specific
survival and occupational social class, housing tenure and area deprivation. A
significant association was not observed with educational attainment. Previous
research using the LS found an association between colorectal cancer survival
and socio-economic status based on indicators of housing tenure and car
access, but not by social class and Carstairs area deprivation indicators

(Sloggett et al., 2007). While recent studies have found that variation in relative
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(colorectal cancer) survival by socio-economic group is mainly in the short-term
after diagnosis (Mgller et al., 2012), survival differences in this study persisted

throughout the follow-up period.

One explanation for variations in survival observed in this study could be
differences in stage at diagnosis by socio-economic status. Evidence for an
association between socio-economic status and survival is, however,
inconsistent and the relationship between deprivation and survival from
colorectal cancer has been found to remain significant after controlling for stage
(Dejardin et al., 2014). This suggests there are other factors to explain this
relationship. This could include lifestyle factors, co-morbidities, access to and

uptake of treatment and participation in screening.

5.7.2 Strengths

A strength of this study is the large, representative sample in the Longitudinal
Study population. This improves both the reliability and generalisability of the
results. The tracing rate of the LS sample to the NHSCR is high and there is
minimal loss to follow-up, due to the quality of the data sources (census data,
vital statistics and cancer registration data) and methods of linkage. The

proportion of missing values within the LS is also low.

A key strength of the LS data is the ability to investigate cancer outcomes by a
range of individual-level indicators of socio-economic status. Most cancer
registry-based studies only include area-based measures of deprivation as
proxies for individual socio-economic status. Furthermore, the LS has a long
follow-up period for analysing cancer outcomes which is an advantage over

other cohort studies.

Robust, well established (time-to-event) methods were used to investigate the
association between indicators of socio-economic status and colorectal cancer
registrations and outcomes. A novel aspect of the methodological approach was

the use of DAGs to inform the statistical models.

5.7.3 Limitations

Defining and measuring deprivation is difficult and can make it hard to compare
results from different studies. A weakness of the Townsend Index of Deprivation

is the applicability of the measures of socio-economic status. For example, the
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proportion of people with a degree has increased over time. There has been a
recent increase in the proportion of people renting their homes versus home
ownership. The distinction between manual and non-manual jobs is not as
relevant a measure of wealth as previously (ONS now uses NS-SEC). This
highlights the importance of using different measures to investigate the

relationship between deprivation and cancer outcomes to validate results.

For the educational attainment and social class variables, where this
information was not collected at the 2001 census, it was infilled from the
previous census. Only those LS members aged 50+ in 2001 were included in
this study, therefore it is unlikely that someone’s level of educational attainment
or occupational social class would have changed since the previous census so
this was considered an appropriate method to increase the proportion of
members allocated to a category. Despite infilling, however, there was still a
high proportion of study members missing social class information. This could
potentially bias the results as women of this age group are more likely to have
never worked (and therefore not have been assigned as social class category)
than men. Future work could employ alternative strategies to deal with missing

data, such as multiple imputation.

A weakness of the LS is that it does not include lifestyle information as this type
of information is not collected by the census. Lifestyle is one of the mechanisms
by which socio-economic status may influence colorectal cancer risk but it was

not possible to investigate this using this data set.

A limitation of the time-to-event analysis was that only month and year of
diagnosis and death were used to calculate the survival time which may affect
the accuracy of the results (Woods et al., 2012). Day of diagnosis and death
could not be used due to access restrictions necessary to protect the
confidentiality of LS members. A weakness of using cause of death information
to identify colorectal cancer death is the possible misclassification of cause of
death on death certification. Other studies have preferred a relative survival

approach over analysis of cause specific deaths (Sloggett et al., 2007).

5.7.4 Further work
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Further work could investigate whether the association between socio-economic
status and colorectal cancer incidence and survival has changed over time in

the LS (by repeating the analysis for different cohorts).

An interesting next step would be to investigate if and how change in individual
socio-economic status and area deprivation over the life course influences the
risk of colorectal cancer registration and/or survival after a diagnosis of
colorectal cancer. Although there are associations of individual attributes and
area deprivation with longer survival times, there are no quality of life indicators
in the LS. It could be that people are living longer but with debilitating
conditions. Stratifying the LS study sample by those persons with and without
limiting long-term iliness, as self-reported in the censuses since 1991, could be
an informative line of enquiry.
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5.8 Conclusion

Key messages:

e This study used a large, representative sample of the population of
England and Wales to examine colorectal cancer incidence and survival
by individual and area-based indicators of socio-economic position.

¢ Individual measures of socio-economic position were associated with risk
of colorectal cancer registration, but there was no association with the
area-based measure.

e Socio-economic variation in colorectal cancer survival persists. All
indicators were associated with risk of death from all-causes and
colorectal cancer death.

e The proportion of deaths from colorectal cancer, compared to all-causes,
was highest in the first 3 years following diagnosis and levelled off after

this period.
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Chapter 6
Developing an area-based index of colorectal cancer risk for
England to investigate the association between the local

environment and colorectal cancer incidence

6.1 Overview

This chapter will explore variation in colorectal cancer incidence by features of
the local environment. It outlines the development of a bespoke area-based risk
index that stratifies areas based on expected colorectal cancer risk, according
to local environment characteristics. Data from CORECT-R enables linkage to
detailed geographic information at small-area (LSOA) level, which was not
possible in the geographic analysis of mortality trends in Chapter 4.
Furthermore, the CORECT-R data contains more detailed information about

cancer registrations, such as stage at diagnosis.

6.2 Background

Over 50% of colorectal cancer cases in the UK are estimated to be preventable
(Brown et al., 2018) based on population exposure to modifiable risk factors. It
is estimated that preventable cases could be as high as 67% of cases in men
and 60% of cases in women, according to the most recent research (Goon et
al., 2021).

A number of risk factors are associated with colorectal cancer. There is
‘sufficient’ or ‘convincing’ evidence of a causal association between the
following factors and the risk of developing colorectal cancer, according to the
International Agency for Research on Cancer (2021) and the World Cancer
Research Fund (2018). The proportion of colorectal cancer cases attributable to
these risk factors have since been estimated (Brown et al., 2018). Insufficient
dietary fibre contributed the largest proportion of preventable colorectal cancer
cases (28%), followed by processed meat (13%), overweight and obesity
(11%), tobacco smoking (7%), alcohol drinking (6%), insufficient physical

activity (5%) and ionising radiation (2%).

The proportion of preventable cancer cases also varied by geographic area,
which is likely to reflect demographic and socio-economic differences that

influence exposure to modifiable risk factors (Brown et al., 2018). For example,
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areas with higher levels of socio-economic deprivation have higher rates of
tobacco smoking (Office for National Statistics, 2017). Furthermore, many
health behaviours are driven by social and economic factors, such as cost and
access, which may disproportionately affect those in deprived areas. For

example, access to healthy food options.

While previous research has focused on individual-level exposure to modifiable
cancer risk factors, this study will investigate how the local ‘neighbourhood’
environment is associated with exposure to these risk factors. The broader
geographical determinants of health have been considered within the health
geography literature. The location of different types of retail outlets is one area
of interest. For example, studies have shown a positive relationship between
the number of fast food outlets in an area and the rate of childhood obesity
(Fraser and Edwards, 2010). The density of alcohol-related outlets has been
found to be associated with alcohol-related harms (Sherk et al., 2018) and the
density of tobacco outlets associated with the risk of smoking (Shortt et al.,
2016). Studies have also investigated the impact of the natural environment on
health. There is evidence that accessibility to green space may have benefits
for physical health (Maas et al., 2006) and mental wellbeing (Astell-Burt et al.,
2014). Furthermore, income-related inequalities in health have been found to be
less marked in populations with greater exposure to green space (Mitchell and
Popham, 2008). Accessibility to health and support services may also influence
health outcomes. Previous research investigating access to health services and
cancer risk has found increasing travel time to GP surgery was associated with
late stage diagnosis among colorectal cancer patients (Jones et al., 2008b).
Furthermore, distance to health care services has been found to be associated
with treatment type, quality of life and survival among cancer patients
(Ambroggi et al., 2015).

Research on the role of the neighbourhood environment and colorectal cancer
risk is limited. Studies examining neighbourhood-level factors have tended to
include only socio-economic status. A recent cohort study by Canchola et al.
(2017) in the US investigated the association between a set of neighbourhood
obesogenic attributes (socio-economic status, population density, restaurant
and retail food environments, numbers of recreational facilities and businesses,

commute patterns, traffic density and street connectivity) and risk of colorectal
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cancer. A modest association between higher traffic density and increased
colorectal cancer risk was found, possibly indicating a less walkable
environment which could have a negative impact on physical activity, but no
other associations were observed. A similar study based on the same cohort
examined the impact of changes over time in participants’ neighbourhood
environment on colorectal cancer risk. A relative increase in population density
was associated with higher colorectal cancer risk among male and female non-
movers. At the same time, a relative decrease in population density was also
associated with a higher risk of colorectal cancer among female non-movers.
An increase in the number of recreational facilities was associated with lower
colorectal cancer risk among female non-movers (Shvetsov et al., 2020). A
recent ecological analysis by Gibson et al. (2020) examined the relationship
between the local food environment and colorectal cancer incidence in Texas.
Colorectal cancer incidence was not strongly associated with census tracts with
higher unhealthy food availability, but the study did not examine other aspects

of the built environment.

This study will investigate the relationship between the neighbourhood
environment and colorectal cancer incidence in a UK context through the

development of an area-based index of colorectal cancer risk.

Area-level multivariate indices are widely used to measure multiple socio-
economic deprivation in the UK (for example the Townsend Index and Carstairs
index), however, similar composite measures for physical environmental
deprivation have only recently been constructed for the UK. The first example of
an environmental multivariate risk index for the UK was the Multiple
Environmental Deprivation Index (MEDIXx) (Richardson et al., 2010). The index
combined area-level data across five dimensions of the physical environment
with evidence of being either detrimental or beneficial to population health: air
pollution, climate, proximity to industrial facilities, exposure to UV radiation and
quantity of green space. The MEDIx has been used to demonstrate that
exposure to multiple physical environmental deprivation is related to socio-
economic deprivation. Air pollution and proximity to industrial facilities
(considered detrimental for health) tended to increase as income deprivation
increased, whereas the proportion of greenspace and the UVB index (for which

higher values are considered beneficial for health) reduced as income
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deprivation increased (Pearce et al., 2010). Multiple physical environmental
deprivation, measured using the MEDIx, has also been shown to be related to
risk of mortality and morbidity. After adjustment for age and sex, all-cause
mortality was lowest in areas with the least environmental deprivation and there
was a downward gradient in health as environmental deprivation increased.
Furthermore, the relationship between MEDIx and heath remained after
adjustment for the level of socio-economic deprivation in an area, which
suggests that in the UK environmental deprivation is related to health,
independently of the age, sex and socio-economic make-up of an area (Pearce
et al., 2010). The gradient in health by environmental deprivation was observed
across all income-deprivation quintiles, suggesting multiple environmental
influences health regardless of the level of income deprivation (Pearce et al.,
2010).

A more recent example of a multivariate environment index is the AHAH index
(described in more detail in Chapter 3), which combines indicators across four
domains of accessibility: retail environment, health services, physical
environment and air quality. The AHAH has been used to study the association
between multiple features of the neighbourhood environment (hypothesised as
being good or bad for health) and physical and mental health outcomes. A
significant association between the worst performing areas for health, as
identified by the index, and a decrease in mental wellbeing was reported (Green
et al., 2018).

It is important to understand the role of exposure to multiple dimensions of
environmental deprivation on health outcomes to identify the population most ‘at
risk’ and to inform policies which can prioritise and target interventions to

ultimately reduce cancer incidence.
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6.3 Objectives

Objectives:

Describe individuals with a colorectal cancer diagnosis by individual
attributes (age, sex, ethnicity) and characteristics of the local area in
which they reside (area deprivation, population density).

Develop an area-based index of the types of places with higher risk of
colorectal cancer incidence, encompassing three domains: the retail
environment, health services, and the natural environment.

Model the relationship between colorectal cancer incidence and the
colorectal cancer risk index, adjusting for demographic and socio-
economic characteristics of areas.

Estimate the odds of late stage diagnosis by the colorectal cancer risk

index.
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6.4 Data

6.4.1 CORECT-R

Information on colorectal cancer diagnoses in England was sourced from the
COIoRECTal cancer data Repository (CORECT-R). CORECT-R is a secure
data repository containing multiple linked routine data sets from across the
cancer pathway of diagnosis, treatment and outcome (Downing et al., 2021).
The CORECT-R database contains information for all colorectal (ICD-10 C18-
C20) and anal (ICD-10 C21) tumours diagnosed between January 1997 and
December 2018 in England.

An application was made to access data held within CORECT-R by submitting a
project protocol to the UK Colorectal Cancer Intelligence Hub (UK Colorectal
Cancer Intelligence Hub, 2021) (see Appendix D). Once approval was granted,

the data was accessed via a secure TRE.

The CORECT-R data extract for this study contained all diagnoses of colorectal
cancer (ICD10 C18-C20) in England between 15t January 2014 and 31t
December 2018. The CORECT-R definition of colorectal cancer does not
include anal tumours (ICD-10 C21). This is not consistent with the definition of
colorectal cancer in previous chapters, which include anal tumours, but the
number of anal cancers is very small so it is unlikely to affect the results. This
time period was chosen as it contains the most recent data available within
CORECT-R and spans the year in which data for the area-based index
(described below) was sourced. The CORECT-R data is currently only available

for England so the coverage of the study was England only.

Selected variables from the CORECT-R data included patient characteristics
(sex, age at diagnosis, ethnic group, year of diagnosis), tumour information
(stage at disease at diagnosis, site of tumour), geographic information (Lower
Layer Super Output Areas) and an indicator of area-based socio-economic
deprivation (Index of Multiple Deprivation).

Lower Layer Super Output Areas (LSOA) are small areas designed to be of a
similar population size, with an average of approximately 1,500 residents or 650
households. They are produced by the ONS for the reporting of small area
statistics. LSOAs were linked to the CORECT-R data at source, using the

patients’ postcode of residence, and the LSOA level data was made available
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for this study. Additional area-level information was then appended to the

patient data based on the LSOA in which they reside.

6.4.2 Access to Healthy Assets and Hazards

Data from the Access to Healthy Assets and Hazards (AHAH) resource were

used to construct an area-based index of colorectal cancer risk. The AHAH

resource (described in more detail in Chapter 3) contains a set of open-source

measures of accessibility to health-related features of the environment at LSOA

level for Great Britain (Daras et al., 2019).

Features of the environment identified as relevant to colorectal cancer risk

within the literature were selected for inclusion in this study. Eight indicators

were selected from across three of the AHAH domains: retail outlets, health

services and natural environment. Table 6.1 summarises the selected AHAH

indicators and their relevance to the colorectal cancer risk factors described

above.

AHAH Domain AHAH Indicator Relevance to CRC risk
Fast food outlet Processed meat
accessibility consumption

Retail Off-licence accessibility Alcoholic drink

consumption

Tobacconist accessibility

Cigarette smoking

Health services

GP practice accessibility

CRC (early) diagnosis

A&E hospital accessibility

CRC diagnosis

Leisure service
accessibility

Physical activity

Natural environment

Green spaces (active)
accessibility

Physical activity

Green spaces (passive)
accessibility

Physical activity

Table 6.1 Health indicators relevant to colorectal cancer risk

The source data for the AHAH indicators were the mean average postcode

distance (in km) to the nearest service for each LSOA. The active green space
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indicator is the average distance to the nearest greenspace (in km), whereas
the passive green space indicator is the average amount of green space (in

km?2) within a 900-metre buffer of postcodes within each LSOA.

6.4.3 Population estimates

Mid-year population estimates by sex and five-year age group for LSOASs in
England for the years 2014 to 2018 were sourced from the ONS via NomisWeb
(Nomis, 2021b).

6.4.4 Census data

Count and percentages of the population by ethnic group for LSOAs in England
at the 2011 census were downloaded from NomisWeb. An indicator of
population density, population per hectare, for LSOAs in England at the 2011

census was also downloaded.

6.4.5 Index of Multiple Deprivation

The Index of Multiple Deprivation (IMD) is a multi-dimensional index of socio-
economic deprivation for small areas in England. It is a measure of relative
levels of deprivation in 32,844 LSOAs in England. The LSOA with a rank of 1 is
the most deprived and the LSOA with a rank of 32,844 is the least deprived.

The IMD is an overall measure of deprivation constructed by combining seven
domains of deprivation according to their respective weights: Income
deprivation (22.5%); Employment deprivation (22.5%); Education, skills and
training deprivation (13.5%); Health deprivation and disability (13.5%); Crime
(9.3%); Barriers to housing and services (9.3%); Living environment deprivation
(9.3%).

The IMD is an appropriate measure of deprivation to use in this study as it is
analysing areas in England only (whereas previous chapters have included both
England and Wales which cannot be compared using the IMD as it is country-
specific measure (Norman, 2010). The 2015 version of the IMD (income domain
only) is appended to the patient data within CORECT-R. Quintiles of the IMD
scores have also been created within CORECT-R with the rank values flipped
so that Quintile 1 represents the least deprived fifth of areas and Quintile 5

represents the most deprived fifth of areas.
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For adjustment in the area-based analysis of colorectal cancer incidence rates,
the overall IMD index was used (because the IMD income domain information
within CORECT-R was only available for LSOAs for which there were patients).
The overall IMD quintiles were appended to the patient data so it was
consistent. The general pattern of IMD by colorectal cancer index quintile is

similar by overall IMD and the income domain only.

6.4.6 Boundary data

ONS digital boundary data were download in ESRI Shapefile format for 2011
LSOAs in England (Office for National Statistics, 2011).



162

6.5 Methods

6.5.1 Bespoke area-based index

An area-based index of colorectal cancer risk for LSOAs in England was
developed using the selected set of open-access health indicators created as
individual inputs for the AHAH index outlined in Table 6.2. The colorectal cancer
risk index was created following the methodology used by Green et al. (2018) to
develop the AHAH index.

Small areas (LSOAs) in England only were included in the colorectal cancer risk
index, as the study uses data from the CORECT-R repository, which is currently
only available for patients in England. There are a total of 32,844 LSOAs in
England.

The colorectal cancer risk index is made up of eight indicators within three
domains. Table 6.2 details the indicators and the hypothesised direction of
association with colorectal cancer risk. Each of the indicators in the retail
domain were hypothesised as increasing colorectal cancer risk. A low value on
these indicators (i.e. shorter distances) were assumed to increase risk of
engaging in behaviours associated with colorectal cancer risk (e.g. processed
meat consumption, alcohol use and smoking), and conversely a high values
(i.e. longer distances) were assumed to reduce risk of engaging in these
behaviours. Each of the indicators in the health domain were hypothesised as
reducing risk of colorectal cancer. Low values on this domain (i.e. short
distances) were assumed to increase engagement with health services and
leisure facilities and vice versa. A lack of green space was presumed to
increase behaviours associated with risk of colorectal cancer (e.g. lack of
physical activity), therefore high values of the active green space indicator (i.e.
longer distances) were hypothesised as increasing colorectal cancer risk,
whereas high values of the passive green space indicator (i.e. larger amount of
green space) were hypothesised as reducing colorectal cancer risk.
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Hypothesised
Domain of Weight | association to CRC*
o Indicator within
CRC risk index . Low
domain High value
value
Accessibility to fast food outlets 1/3 + -
Retail outlets Accessibility to off-licences 1/3 + -
Accessibility to tobacconists 1/3 + -
Accessibility to GP practices 1/3 - +
Health o _
. Accessibility to A&E hospitals 1/3 - +
services
Accessibility to leisure centres 1/3 - +
Accessibility to green spaces
_ 1/2 - +
(active)
Green space
Accessibility to green spaces
. 1/2 + -
(passive)

*A positive value means that a value is positively associated with risk of colorectal

cancer (and vice versa).

Table 6.2 Colorectal cancer risk index indicators with weights and
direction of association

Each indicator was standardised, due to differences in their distributions and
units, by ranking the LSOAs from lowest to highest risk, based on the
hypothesised directions of association with colorectal cancer risk described
above. The values of the indicators in the retail domain and the passive green
space indicator were flipped so the values for all indicators were ranked in the
same direction (i.e. from lowest to highest risk). Each standardised variable was
transformed and the indicators within each domain were then combined
together to create a domain score. Indicators were equally weighted within each
domain (see Table 2). The domain scores were then standardised to give them
a similar distribution by ranking them from lowest to highest colorectal cancer
risk. An exponential transformation was then applied to the ranked domain
scores and they were combined, with equal weights, to create an overall
colorectal cancer risk score. Quintiles of the overall and domain scores were

calculated by splitting the rank values.
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Larger scores of the index are interpreted as areas with hypothesised higher
risk of colorectal cancer and lower scores as areas with hypothesised lower
risk. The interpretation is similar for each of the domain scores. For the retail
domain, larger values represent areas closer on average to the retail outlets.
Larger values of the health services domain represent areas further away from
these services. Larger scores in the green space domain represent areas with a
lack of green space. In each case, large scores have been hypothesised to be

associated with increased colorectal cancer risk.

6.5.2 Data preparation

The CORECT-R data extract was de-duplicated to create one record (colorectal
cancer case) per patient. Where patients have multiple tumours recorded, the
rule applied was to take the first tumour (date wise), and if two or more tumours
were diagnosed on the same day, the tumour of most advanced stage was

retained.

An age-group variable was derived by grouping the patient age at diagnosis
variable into 18 five-year age categories: 0-4, 5-9, 10-14...85+. The 18 minor
ethnic group categories were further aggregated into five categories based on
the ONS recommended groupings for ethnicity (Race Disparity Unit, 2021):
White, Mixed, Asian, Black, Other.

A binary variable was created to indicate if the tumour was diagnosed at a late
stage. Late stage at diagnosis was defined as stage 3 or stage 4 tumours.

Additional ‘unknown’ categories were created for the ethnicity and stage at
diagnosis variables as they contain a large proportion of missing data.
Approximately 10% of records in the cancer registry are missing information on
stage at diagnosis. Ethnicity data derived from linked HES data is also
incomplete (Smith et al., 2017).

Population density data (person per hectare) was sourced for LSOAs in
England and Wales at the 2011 census. A population density category was
assigned to each LSOA using on the classification outlined in Chapter 3 Table
3.2. The classification comprises five categories, with 1 being the most urban

and 5 being the most rural.
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6.5.4 Statistical methods

Descriptive statistics are reported showing the number and proportion of people
with a colorectal cancer diagnosis in the England by patient characteristics
(age, sex, ethnic group) and area-based attributes (rurality, socio-economic
deprivation). The local area attributes were categorised based on quintiles of

their distribution across England.

A series of choropleth maps were produced to visualise the distribution of the

colorectal cancer risk index and sub-domains across England.

Crude incidence rates were calculated by risk index and sub-domain quintiles
by dividing the number of cases by the person-years at risk. When calculating
rates for the entire population, population at risk is generally approximated by
the mid-year population which is based on the previous census and updated
annually to account for demographic change (Office for National Statistics,
2021c). Cases for several years of observation (2014-2018) were used (to
ensure robustness of incident rate estimates) and the average annual incidence
rate calculated. The denominator is estimated as person-years, by summing up
the mid-year population estimates for each of the years under investigation
(Boyle and Parkin, 1991), in this case mid-year population estimates for 2014-
2018. As is conventional in cancer studies, the incidence rates are expressed
as cases per 100,000 person-years. It should be noted that when population
estimates are used to approximate person-years at risk, the denominator of the
rates will include a few person who are not truly at risk, however, for the study
of incidence rates of particular cancer, this makes little difference, since the
number of individuals in the population who are alive and already have a cancer

of a specific site is relatively small (Boyle and Parkin, 1991).

Age-specific rates by risk index and sub-domain quintiles were estimated by
dividing the number of cases in each age-group by the person-years at risk in
the corresponding age group in the study time period. Age-standardised rates
were estimated by applying the age-specific rates to the European Standard
Population. This method is described in more detail in Chapter 4 Section 4.5.2.
Age-standardised rates account for differences in the age-structure of the

population in areas within each index quintile.
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Poisson regression models were constructed to estimate Incidence Rate Ratios
(IRRs) and 95% confidence intervals for colorectal cancer by quintiles of the
overall colorectal cancer risk index and sub-domains, adjusted for socio-
economic characteristics of the areas. Counts of colorectal cancer cases and
population by index quintile, sex, age group, IMD quintile and population density
category were compiled to construct the Poisson regression models. An IRR of
one denotes no differences in rates, an IRR above one denotes higher

incidence and an IRR below one lower incidence.

A binary logistic regression model was constructed to estimate the odds of late
stage diagnosis by quintiles of the overall index and sub-domains. A
multivariate binary logistic regression model was constructed to estimate the
odds of late stage diagnosis, adjusting for patient socio-demographic
characteristics (sex, age, ethnicity, IMD and population density). 95%

confidence intervals were reported alongside the odds ratios.
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6.6 Results

6.6.1 Spatial analysis

Figure 6.1 shows the spatial distribution of the overall colorectal cancer risk
index score in England. There is a clear urban-rural divide, with urban areas
generally having lower hypothesised colorectal cancer risk than rural areas.
This is driven by the relative remoteness of many rural areas from health
services. Despite the apparent rural-urban divide, urban areas did not always
have the lowest risk. Areas in inner London, central Liverpool and other towns
and cities including Bolton, Sheffield and Nottingham were among the top ten
per cent of LSOAs with the highest hypothesised colorectal cancer risk. This
was largely due to the density of retail outlets in these areas, which were
assumed to be bad for health. The areas with the lowest hypothesised
colorectal cancer risk appear to be located in suburban areas surrounding
cities. This is due to a combination of good access to green space in these
areas, being located relatively nearer to health services and relatively further
from retail outlets. Figure 6.2, Figure 6.3 and Figure 6.4 provide further insight
into these patterns by presenting the spatial distribution of the colorectal cancer
risk index domains. Rural areas have lower hypothesised colorectal cancer risk
than urban areas based on the retail domain scores due to their location
relatively further from retail outlets (which were assumed to be bad for health).
On the other hand, urban areas have lower hypothesised colorectal cancer risk
based on the health domain scores due to their relative proximity to health
services, compared to rural areas. The spatial distribution of the green space
domain scores are slightly more dispersed, although there is still a notable rural-
urban divide, with urban areas generally having lower hypothesised colorectal
cancer risk than rural areas. This is slightly surprising but may relate to the
definition of green space used for this health indicator which only includes green
space accessible to the public i.e. not private land.
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Figure 6.1 Spatial distribution of colorectal cancer risk index
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Figure 6.2 Spatial distribution of retail domain of colorectal cancer risk
index
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Figure 6.3 Spatial distribution of health domain of colorectal cancer risk
index
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Figure 6.4 Spatial distribution of green space domain of colorectal cancer
risk index
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6.6.2 Study population

Table 6.3 shows the characteristics of the study population by individual
attributes and area-based characteristics of the small-areas in which they live.
There were 170,387 patients diagnosed with a primary colorectal tumour
between January 2014 and December 2018. Colorectal cancer diagnoses were
higher in males (55%) compared to females (45%). The majority of cases were
diagnosed in the older age groups (59% of cases were in those aged over 70).
Ninety per cent of the study population were of White ethnicity, 2.2% of Asian
ethnicity, 1.5% of Black ethnicity, 1% Other ethnicity and 0.3% of Mixed
ethnicity. Around 5% of the study population were missing ethnic group

information.

A higher proportion of the study population lived in the least deprived areas
based on the IMD (income domain), compared to the most deprived areas (22%
and 16% respectively). The largest proportion of the study population lived in

the most urban areas (44%) and the smallest proportion in the most rural (9%).
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Characteristics n %
Total 170,387
Sex Male 94,480 55.5
Female 75,907 | 44.5
Age group 0-50 10,618 |6.2
50-54 7,701 4.5
55-59 12,021 71
60-64 17,269 10.1
65-69 22,039 12.9
70-74 25,964 15.2
75-79 25,128 14.7
80-84 24,543 14.4
85+ 25,104 14.7
Ethnic group White 153,161 | 89.9
Mixed 542 0.3
Asian 3,682 2.2
Black 2,475 1.5
Other 1,783 1.0
Unknown 8,744 5.1
IMD 1 — Least deprived | 36,928 |21.7
(income domain) 2 38,664 227
3 35,750 |21.0
4 31,126 18.3
5 — Most deprived | 27,919 16.4
Population density | 1 — Most urban 74,658 | 43.8
2 14,565 | 8.5
3 26,700 15.7
4 38,837 |22.8
5 — Most rural 15,627 9.2

Table 6.3 Characteristics of the study population

Table 6.4 shows the distribution of the study population by quintiles of the
overall colorectal cancer risk index (quintile 1 being areas with the lowest
hypothesised risk of colorectal cancer, and quintile 5 being areas with the
highest hypothesised risk). Areas with the highest risk have the largest
proportion of patients of White ethnicity (92%) and the smallest proportions of
the patients of Mixed (0.2%), Asian (0.9%) or Black (0.5%) ethnicity.
Conversely, areas with the lowest risk had a relatively smaller proportion of
patients of White ethnicity (88%) and the highest percentages of patients of
Mixed (0.4%), Asian (3.3%) and Black (2.1%) ethnicity. There was a slightly
higher proportion of patients of unknown ethnicity in the higher risk areas.
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Areas with highest colorectal cancer risk had the largest proportion of patients
in the least deprived IMD quintile (27%), compared to areas with the lowest risk
(17%). Conversely, areas with the lowest risk had the largest proportion of
patients in the most deprived quintile (25%), compared to 7% in the highest risk

areas.

The majority (59%) of patients in areas with the lowest colorectal cancer risk
lived in the most urban areas. Conversely, areas with the highest colorectal
cancer risk had a higher proportion of patients living in the most rural (35%) and

rural (32%) areas.

Index quintiles
1- 5-
Lowest Highest
Characteristics risk 2 3 4 risk
Sex Male 55.2 55.3 | 54.9 | 55.8 | 55.9
Female 44 .8 447 | 451 | 44.2 | 44 .1
Age group 0-50 6.9 66 |6.8 |6.0 |51
50-54 5.0 47 |46 |43 |41
55-59 7.4 75 |71 |68 |6.6
60-64 104 10.1 | 10.1 | 9.9 |10.2
65-69 12.5 12.5 112.7 | 13.3 [ 13.6
70-74 14.5 14.7 | 151 | 15.3 | 164
75-79 14.5 146 | 14.4 | 14.8 | 15.3
80-84 14.0 14.3 | 14.4 | 14.7 | 14.5
85+ 15.0 149 1148 | 149 | 14.3
Ethnic group White 88.1 88.7 [ 89.8 | 90.5 | 91.9
Mixed 04 04 |03 |03 |0.2
Asian 3.3 29 |23 (18 |09
Black 2.1 1.9 |16 (14 |05
Other 1.4 1.3 |11 1.0 | 0.6
Unknown 4.8 48 (49 |51 5.8
IMD 1 — Least deprived | 16.5 19.6 | 21.1 | 23.1 | 26.6
(income domain) | 2 17.1 18.7 | 21.1 | 23.8 | 30.7
3 19.2 20.0 | 22.0 120.9 | 224
4 22.3 20.7 119.4 {17.4 | 13.0
5 — Most deprived | 25.0 21.0 116.5 |14.8 | 7.2
Population density | 1 — Most urban 58.9 53.9 | 49.8 | 42.6 | 19.9
2 10.9 111195 (86 |3.8
3 18.4 18.3 | 17.9 | 16.5 | 8.7
4 11.8 16.4 | 21.8 | 28.5 (324
5 — Most rural 0.1 02 |10 |3.7 |352

Table 6.4 Patient characteristics by colorectal cancer risk index quintile
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All Male Female
Index quintiles Cases Pop. Rate | Cases Pop. Rate | Cases Pop. Rate
Overall index 1 - Lowest risk 30,927 54,614,560 56.6 | 17,080 26,777,937 63.8 | 13,847 27,836,623 49.7
2 32,198 55,025,393 58.5 | 17,799 27,107,242 65.7 | 14,399 27,918,151 51.6
3 32,942 55,139,608 59.7 | 18,092 27,208,970 66.5 | 14,850 27,930,638 53.2
4 34,743 55,542,623 62.6 | 19,386 27,495,761 70.5 | 15,357 28,046,862 54.8
5 - Highestrisk | 39,577 55,645,436 71.1 | 22,123 27,662,487 80.0 | 17,454 27,982,949 62.4
Retail domain 1-Lowestrisk |42,342 54,779,718 77.3 | 23,764 26,977,461 88.1 | 18,578 27,802,257 66.8
2 35,788 53,335,824 67.1 | 19,739 26,049,775 75.8 | 16,049 27,286,049 58.8
3 34,020 53,985,281 63.0 | 18,848 26,430,299 71.3 | 15172 27,554,982 55.1
4 31,309 55,408,947 56.5 | 17,268 27,346,553 63.1 | 14,041 28,062,394 50.0
5 - Highest risk | 26,928 58,457,850 46.1 | 14,861 29,448,309 50.5 | 12,067 29,009,541 41.6
Health domain 1-Lowestrisk | 25,152 59,203,499 42.5 | 13,837 29,813,617 46.4 | 11,315 29,389,882 38.5
2 31,519 55,062,467 57.2 | 17,370 27,161,847 63.9 | 14,149 27,900,620 50.7
3 34,379 53,177,982 64.6 | 18,914 25,992,977 72.8 | 15,465 27,185,005 56.9
4 36,294 53,343,765 68.0 | 20,213 26,105,283 77.4 | 16,081 27,238,482 59.0
5 - Highestrisk | 43,043 55,179,907 78.0 | 24,146 27,178,673 88.8 | 18,897 28,001,234 67.5
Green space domain 1 - Lowest risk 28,684 55,974,766 51.2 | 15,834 27,694,858 57.2 | 12,850 28,279,908 45.4
2 31,329 55,862,191 56.1 | 17,405 27,630,610 63.0 | 13,924 28,231,581 49.3
3 33,777 55,266,480 61.1 | 18,553 27,261,530 68.1 | 15,224 28,004,950 54.4
4 35,987 54,445,876 66.1 | 19,967 26,786,575 74.5 | 16,020 27,659,301 57.9
5 - Highestrisk | 40,610 54,418,307 74.6 | 22,721 26,878,824 84.5 | 17,889 27,539,483 65.0

Table 6.5 Crude colorectal cancer incidence rates by risk index quintiles
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6.6.3 Colorectal cancer incidence

Table 6.5 shows the estimated crude colorectal cancer incidence rates by
quintiles of the risk index. Crude rates were lowest in the lowest risk quintile of
the index, and highest in the highest risk quintile. There was a gradient:
incidence rates increased as index scores increased (larger values represent
areas with higher expected colorectal cancer risk). Incidence rates were much
higher in areas with the highest expected colorectal cancer risk (quintile 5). The
pattern by index quintile was similar for males and females but incidence rates

were higher in men compared to women in all quintiles.

Disaggregating the index into domain scores reveals different patterns by sub-
domain. Crude rates were highest in the lowest risk quintile of the retail domain
and lowest in the highest risk quintile (i.e. areas with less access to health-
damaging retail outlets had higher colorectal cancer rates). This could reflect
the interaction between the retail environment and population density and the
different age structure of the population in rural and urban areas (and the
associated age-related risk of colorectal cancer). Conversely, crude incidence
rates were lowest in the lowest risk quintile of the health and green space
domains and highest in the highest risk quintile (i.e. areas with greater access
to health services and green space had lower colorectal cancer rates). In all of
the domains, there was a gradient across the quintiles of index scores. The
pattern was similar for males and females in all domains, but rates were higher
among men compared to women which reflects higher colorectal cancer

incidence observed among men.



177

600

500

400

300

200

Rate per 100,000 person-years

100

XD Wk D D ok ® gk P ® @ A O o
Q7 @° &N NV L D o0 O, AT A B
P T TESES S S O

Male Quintile1 Male Quintile2 Male Quintile3  e===Male Quintile4 e===Male Quintile5

Female Quintile1 Female Quintile2 Female Quintile3 Female Quintile4 === Female Quintile5

Figure 6.5 Age-specific colorectal cancer incidence rates by quintiles of
the overall colorectal cancer index
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Figure 6.6 Age-specific colorectal cancer incidence rates by quintiles of
the colorectal cancer index retail domain



178

600

500

400

300

200

Rate per 100,000 person-years

100

0
3 %) ™ &) ™ ) > ) ™ (%) > ) & () N ) X x
Y YNNI Y Yy X X O DY O o A AT D »
NSRRGSR S~ S S SN SN~ S S e S AP AP\ AP\ A S A
Male Quintile1 Male Quintile2 Male Quintile3  e===Male Quintile4d e==\lale Quintile5
Female Quintile1 Female Quintile2 e====Female Quintile3 =====Female Quintile4 =====Female Quintile5

Figure 6.7 Age-specific colorectal cancer incidence rates by quintiles of
the colorectal cancer index health domain
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Figure 6.8 Age-specific colorectal cancer incidence rates by quintiles of
the colorectal cancer index green space domain
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Age-specific colorectal cancer incidence rates were similar in each quintile of
the overall risk index scores (Figure 6.5). Disaggregating by index domain
scores, there were some differences in the age-specific rates among the older
age groups. Age-specific incidence rates among the oldest age-groups were
higher in the lowest risk quintile of the retail domain (Figure 6.6) than the
highest risk quintile. Conversely, age-specific incidence rates among the oldest
age-groups in the health domain (Figure 6.7) and green space domain (Figure
6.8) were higher in the highest risk quintile than lowest risk quintile, particularly

among males.
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Index quintiles

All

Male

Female

Cases

Rate [95% CI]

Cases

Rate [95% CI]

Cases

Rate [95% CI]

Overall index

- Lowest risk

- Highest risk

30,927
32,198
32,942
34,743
39,577

66.5 [65.8-67.2]
66.9 [66.2-67.6]
66.6 [65.9-67.3]
67.1[66.4-67.8]
67.3 [66.7-68.0]

17,080
17,799
18,092
19,386
22,123

81.9[80.7-83.2]
82.1[80.9-83.3]
81.1[79.9-82.3]
82.4 [81.2-83.5]
80.5 [79.5-81.6]

13,847
14,399
14,850
15,357
17,454

53.9 [53.0-54.8]
54.3 [53.5-55.2]
54.7 [53.8-55.6]
54.3 [53.4-55.1]
55.8 [55.0-56.6]

Retail domain

- Lowest risk

- Highest risk

42,342
35,788
34,020
31,309
26,928

67.3 [66.7-67.9]
67.5 [66.8-68.2]
67.6 [66.9-68.4]
66.4 [65.7-67.2]
65.6 [64.8-66.4]

23,764
19,739
18,848
17,268
14,861

80.6 [79.5-81.6]
82.0 [80.8-83.1]
83.1[82.0-84.3]
81.7 [80.5-82.9]
80.7 [79.4-82.0]

18,578
16,049
15,172
14,041
12,067

55.7 [54.9-56.5]
55.4 [54.6-56.3]
54.8 [53.9-55.7]
53.9 [53.0-54.8]
53.1 [52.1-54.0]

Health domain

- Lowest risk

- Highest risk

25,152
31,519
34,379
36,294
43,043

63.9 [63.1-64.7]
67.5 [66.8-68.3]
67.7 [67.0-68.4]
67.4 [66.7-68.1]
67.5 [66.8-68.1]

13,837
17,370
18,914
20,213
24,146

77.9[76.6-79.2]
83.2 [82.0-84.4]
83.0 [81.8-84.1]
82.5 [81.4-83.7]
80.7 [79.7-81.7]

11,315
14,149
15,465
16,081
18,897

52.2 [51.2-53.1]
54.7 [53.8-55.6]
55.2 [54.3-56.0]
54.8 [54.0-55.7]
55.9 [55.1-56.7]

Green space domain

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

- Lowest risk

- Highest risk

28,684
31,329
33,777
35,987
40,610

66.1 [65.4-66.9]
66.3 [65.6-67.1]
67.1[66.4-67.8]
67.4 [66.7-68.1]
67.4 [66.8-68.1]

15,834
17,405
18,553
19,967
22,721

81.2 [79.9-82.5]
81.9 [80.7-83.1]
81.7 [80.5-82.9]
82.4 [81.2-83.5]
80.7 [79.7-81.8]

12,850
13,924
15,224
16,020
17,889

53.7 [52.7-54.6]
53.5 [52.6-54.4]
55.0 [54.2-55.9]
54.9 [54.1-55.8]
55.8 [55.0-56.6]

Table 6.6 Age-standardised colorectal cancer incidence rates by quintiles of risk index




181

Age-standardised colorectal cancer incidence rates were slightly higher in areas
with the highest hypothesised colorectal cancer risk, compared to areas with the
lowest hypothesised risk (Table 6.6), but when split by gender this pattern was

only seen for females.

Disaggregating the index into quintiles of domain scores reveals some
statistically significant differences in age-standardised incidence rates.
Significantly lower colorectal cancer incidence rates were observed among
females in the two highest risk quintiles of the retail domain compared the
lowest risk quintile. In contrast, there were significantly lower colorectal cancer
incidence rates among both males and females in the lowest risk quintile of the
health domain compared to the other quintiles (i.e. areas with relatively good
access to health services had lower colorectal cancer rates). Colorectal cancer
incidence rates among females in the highest risk quintile of the green space
domain were significantly higher than those in the lowest risk quintile (i.e.
females in areas with poor access to green space had higher incidence of

colorectal cancer).
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Index quintiles

All

IRR[95% CI]  p-value

Male

IRR[95% CI]  p-value

Female

IRR[95% CI]  p-value

Overall index

- Lowest risk

- Highest risk

1
1.01 [0.99-1.02]
1.01[0.99-1.02]
1.01 [1.00-1.03]
1.01[0.99-1.03]

0.37
0.50
0.14
0.22

1
1.01 [0.98-1.03]
1.00[0.98-1.02]
1.01 [0.99-1.04]
1.00[0.97-1.02]

0.60
0.82
0.17
0.71

1
1.01 [0.99-1.03]
1.02 [0.99-1.04]
1.01 [0.98-1.03]
1.03 [1.00-1.06]

0.43
0.20
0.49
0.02

Retail domain

- Lowest risk

- Highest risk

1
1.00[0.99-1.02]
1.00 [0.98-1.02] 0.93
0.98 [0.96-1.00] 0.03
0.96 [0.94-0.98] <0.01

0.73

1
1.01 [0.98-1.03]
1.01 [0.99-1.04]
0.99 [0.96-1.01]
0.96 [0.94-0.99]

0.64
0.30
0.39
0.01

1
1.00 [0.98-1.02]
0.99 [0.96-1.01] 0.30
0.97 [0.94-0.99] 0.02
0.95 [0.92-0.98] <0.01

1.00

Health domain

- Lowest risk

- Highest risk

1
1.07 [1.05-1.09] <0.01
1.08 [1.06-1.10] <0.01
1.08 [1.06-1.10] <0.01
1.08 [1.06-1.11] <0.01

1
1.08 [1.06-1.11] <0.01
1.09 [1.06-1.11] <0.01
1.10 [1.07-1.12] <0.01
1.09 [1.06-1.12] <0.01

1
1.05 [1.03-1.08
1.06 [1.04-1.09
1.06 [1.03-1.09
1.08 [1.05-1.11

<0.01
<0.01
<0.01
<0.01

(O SR B B

Green space domain

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

- Lowest risk

- Highest risk

1
1.01[0.99-1.02] 0.31
1.02[1.01-1.04] 0.01
1.03 [1.01-1.05] <0.01
1.03 [1.01-1.05] <0.01

1
1.02[0.99-1.04] 0.15
1.02[1.00-1.04] 0.08
1.03 [1.01-1.06] <0.01
1.02 [1.00-1.05] 0.06

1
1.00 [0.98-1.02] 0.92
1.03 [1.00-1.05] 0.02
1.03 [1.00-1.05] 0.03
1.04 [1.01-1.07] <0.01

Table 6.7 Colorectal cancer incidence rate ratios by quintiles of risk index
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There were no statistically significant differences in the IRRs by quintile of the
overall index scores, when adjusted for sex, age, socio-economic deprivation
and rurality of areas (Table 6.7). IRRs were lower in the two highest risk
quintiles of the retail domain (small but statistically significant difference),
compared to the reference category (areas with lowest expected colorectal
cancer risk). Conversely, IRRs were higher in the highest risk quintiles of the
health and green space domain scores compared to the reference category
(areas with lowest expected colorectal cancer risk). The difference was small
but statistically significant. The different directions of the relationship by sub-

domain is likely to have been cancelled out in the overall index.
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6.6.4 Late stage diagnosis

There was little variation in the proportion of late stage colorectal cancer

diagnoses by index and domain scores (Table 6.8). The proportion of late stage

cases increased slightly by hypothesised increased risk of colorectal cancer in

the retail domain. In contrast, there was a slightly higher proportion of late stage

cases in areas with the lowest expected colorectal cancer risk in the health

domain. Similarly, the proportion of late stage cases in the green space domain

was higher in the lowest risk areas, compared to the highest risk areas.

These patterns could reflect the interaction between the risk index domain

scores and area deprivation. Areas with good access to health services (low

risk on the health domain) and located relatively near to retail outlets (high risk

on the retail domain) are likely to be urban areas with a higher proportion of

deprived areas.

Early stage Late stage
Index quintiles n % n %
Overall index 1 - Lowest risk 15,154 49.0 | 15,773 51.0
2 15,735 48.9 | 16,463 51.1
3 16,175 49.1 | 16,767 50.9
4 17,130 49.3 | 17,613 50.7
5 - Highest risk | 19,625 49.6 | 19,952 50.4
Retail domain 1-Lowestrisk | 21,179 50.0 | 21,163 50.0
2 17,573 49.1 | 18,215 50.9
3 16,685 49.0 | 17,335 51.0
4 15,289 48.8 | 16,020 51.2
5 - Highest risk | 13,093 48.6 | 13,835 51.4
Health domain 1 - Lowest risk 12,155 48.3 | 12,997 51.7
2 15,430 49.0 | 16,089 51.0
3 16,941 49.3 | 17,438 50.7
4 17,758 48.9 | 18,536 51.1
5 - Highest risk | 21,535 50.0 | 21,508 50.0
Green space domain 1 - Lowest risk 14,031 48.9 | 14,653 51.1
2 15,412 49.2 | 15,917 50.8
3 16,621 49.2 | 17,156 50.8
4 17,587 48.9 | 18,400 51.1
5 - Highest risk | 20,168 49.7 | 20,442 50.3

Table 6.8 Proportion of late stage colorectal cancer diagnoses by index

quintiles
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Table 6.9 shows the odds of late stage colorectal cancer diagnosis by quintiles
of the risk index. In the univariate analysis (Model 1), there were very slightly
higher odds of late stage diagnosis in the areas with higher expected risk
compared to reference category (areas with the lowest expected risk). This was
no longer statistically significant in the adjusted model (Model 2). There were
very slightly lower odds of late stage diagnosis in the highest risk quintile of the
health domain (i.e. furthest from health services) compared to reference
category (i.e. areas located relatively near to health services), but this was not
statistically significant in the adjusted model. There were slightly higher odds of
late stage diagnosis in the second higher risk quintile of the environment
domain in the adjusted model (Model 2), but there was no gradient by quintile of
the environment domain. No other statistically significant differences in the odds
of late stage diagnosis by quintiles of the overall index or sub-domains were

observed in the multivariate analysis.
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Model 1 Model 2
Index quintiles Odds ratio [95% CI] p-value |Odds ratio [95% CI] p-value
Overall index 1 - Lowest risk 1 1
2 1.01 [0.97-1.04] 0.74 1.01 [0.98-1.04] 047
3 1.00[0.97-1.03] 0.80 1.00 [0.98-1.04] 0.67
4 0.99[0.96-1.02] 043 1.01[0.98-1.04] 0.66
5 - Highest risk 0.98 [0.95-1.01] 0.12 1.02 [0.98-1.05] 0.36
Retail domain 1 - Lowest risk 1 1
2 1.04 [1.01-1.07] 0.01 1.02 [0.99-1.05] 0.29
3 1.04 [1.01-1.07] 0.01 1.01 [0.98-1.05] 0.51
4 1.05[1.02-1.08] <0.01 (1.01[0.97-1.05] 0.69
5 - Highest risk 1.06 [1.03-1.09] <0.01 |1.00[0.96-1.04] 0.86
Health domain 1 - Lowest risk 1 1
2 0.98 [0.94-1.01] 0.14 1.00 [0.97-1.04] 0.87
3 0.96 [0.93-0.99] 0.02 1.00 [0.97-1.04] 0.78
4 0.98 [0.95-1.01] 0.14 1.03 [0.99-1.07] 0.10
5 - Highest risk 0.93[0.91-0.96] <0.01 (1.00[0.96-1.04] 0.89
Green space domain 1 - Lowest risk 1 1
2 0.991[0.96-1.02] 0.50 1.00 [0.97-1.04] 0.84
3 0.991[0.96-1.02] 0.47 1.01[0.98-1.04] 0.49
4 1.00[0.97-1.03] 0.91 1.04 [1.01-1.07] 0.02
5 - Highest risk 0.97 [0.94-1.00] 0.05 1.03 [0.99-1.06] 0.11

Model 1 unadjusted; Model 2 adjusted for sex, age at diagnosis, ethnic group, area deprivation and population density

Table 6.9 Odds of late stage diagnosis by index quintiles
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6.7 Discussion

6.7.1 Summary

There was no consistent association between the overall colorectal cancer risk
index and colorectal cancer incidence. When disaggregated by the index
domain scores, some small but statistically significant differences were
observed. Incidence rate ratios (IRRs) of colorectal cancer were higher in areas
with higher hypothesised risk of colorectal cancer on the health and green
space domains of the index (i.e. in areas located relatively further from health
services and green space). Conversely, the IRRs of colorectal cancer were
lower in the highest risk quintile of the retail domain (i.e. areas with better
access to retail outlets). This is contrary to what was expected. Reasons for this
could be that the accessibility measures used are not adequate proxies for the
retail environment and the availability of unhealthy foods may be influenced by
other factors such as transportation and retail preferences. It is perhaps not a
surprise that a stronger association was found with the domains rather than the
overall index as they each measure specific aspects of the local environment
which may be masked when they are combined together into a single index. In
the analysis of late stage diagnosis, no association was found between the
overall risk index or sub-domains and the likelihood of late stage diagnosis. It
would be interesting to examine this outcome by population density as previous
studies have found an association between rurality and late stage diagnosis
which was difficult to infer from these results given the interaction between

population density and area deprivation.

Previous studies have investigated the association between individual risk
factors and colorectal cancer incidence. This study builds on previous research
by examining the potential influence of features of the local environment on
colorectal cancer incidence. Overall, the results are consistent with limited
previous research investigating the relationship between the food environment
and colorectal cancer incidence. In a prospective cohort study of 80,000
participants living in California, Canchola et al. (2017) did not find an
association between the food environment within a 1-mile network buffer of an
individual’s residence and being diagnosed with colorectal cancer. The study

investigated a range of residential neighbourhood obesogenic attributes
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including a Retail Food Environment Index, defined as the ratio of the number of
convenience stores, liquor stores and fast food restaurants to supermarkets and
farmers markets. An ecological study of census tracts in Texas did not
demonstrate an association between unhealthy food availability (defined as the
number of limited-service restaurants divided by the total population in each
census tract) and colorectal cancer incidence (Gibson et al., 2020). The authors
concluded that efforts to limit the availability of unhealthy food stores may not
be beneficial for reducing colorectal cancer incidence. These studies used
different geographic metrics to define the food environment (buffer distances
versus administrative boundaries), the choice of which may impact the

associations observed (Wilkins et al., 2019).

There is a relationship between the colorectal cancer risk index and rurality. The
relationship differs by domain of the index. For the retail domain, the lowest risk
was in the rural areas and highest risk in urban areas, whereas for the health
domain the relationship was reversed (highest risk in rural areas and lowest risk
in urban areas). The relationship between the green space domain and
colorectal cancer risk is less pronounced, but the highest risk tended to be in
rural areas and the lowest risk in urban areas. By adjusting for population
density in the statistical models it was possible to investigate whether the risk
index was related to colorectal cancer incidence independently of population
density. However, some of the indicators in the risk index may be on one of the
numerous pathways by which rurality influences health. For example, rurality
may be detrimental for health due to relative lack of access to health services in
rural areas and conversely urbanity may be detrimental for health due to the
relative increased opportunities for unhealthy food choices. Therefore, a more
appropriate approach may have been to adjust for area deprivation only (and
not rurality) in the statistical models to examine whether differences remain by

risk index score.

6.7.2 Strengths

A strength of this study is that it uses a population-based cancer registry to
capture cases of colorectal cancer for a large population. Linkage of the cancer
registrations to small areas (LSOASs) in England enabled the relationship
between a range of exposures and colorectal cancer incidence to be examined.

Developing an index at small-area level using national level data could provide
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a useful policy tool to identify areas to target interventions and to help identify

pathways that inventions could address.

Previous research has focused on the association between individual risk
factors and cancer incidence, however, such studies do not take into account
the reality that individuals may interact with numerous features of the
environment simultaneously (Pearce et al., 2010). Furthermore, if particular
features of the local environment occur together, it may have a greater impact
on health outcomes than individual characteristics. By incorporating a range of
health-related features of the local environment into the colorectal cancer risk
index, areas that display numerous characteristics relevant to risk of colorectal
cancer can be identified. This study builds on previous research investigating
geographical determinants of health in the context of colorectal cancer.

6.7.3 Limitations

The study has several weaknesses. Firstly, results from an ecological study
cannot be used to infer individual risk of developing colorectal cancer (the
ecological fallacy). Secondly, the definitions of accessibility used in this study
may not represent an individual’s behaviour patterns. For example, they may
not use their nearest retail outlet or health service and may travel further (by

other means of transportation) to use services or access green space.

There is a temporal mismatch between the health indicators and cancer
incidence statistics. Ideally, colorectal cancer cases should have been taken in
the period after the health indicators were collected, however cancer registry
data was only available up to 2018 which would have resulted in too few cases
to produce robust results. The small-area level data on health indicators was
not available for earlier periods. A further consideration is that there is likely to
be a considerable lag time between cancer development and diagnosis. Cancer
risk is likely to be influenced by longer-term environmental exposures, and
therefore may be less affected by current characteristics of the environment
alone. Life course measures of health-related features of the environment are
needed but may be difficult to construct due to limitations of data accessibility. It
is also recognised that there will be other health-related features of the

environment that could potentially influence colorectal cancer risk that have not
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been included in the index. The construction of the index allows for additional

variables to be included in the future.

Combining the indicators based on equal weights does not take into account
that some factors may have a greater influence on colorectal cancer risk than
others. By weighting the indicators equally, the contribution of some indicators
to the overall risk index score may be greater than their relative influence on

colorectal cancer risk.

It is also recognised that categorising continuous variables, as was done in this
study by grouping the index score into quintiles, may result in a loss of
information, statistical power and precision. Furthermore the choice of cut points

is likely to influence the results (Busch, 2021).

6.7.4 Further work

Further work related to the food environment and colorectal cancer risk could
investigate expenditure patterns to get a clearer picture of where people are
buying certain goods. Food, drink and tobacco expenditure estimates are
available at Local Authority District level for Great Britain (James et al., 2019).
This could be extended further by linking data from supermarket loyalty card
transactions on food and drink. The potential of data sources such as these is

considered further in the Chapter 7.

Future research investigating the environment and cancer outcomes could
further develop and validate measures of the local environment and examine
associations using different neighbourhood boundaries, buffer distances and
accessibility measures. Further consideration is also needed as to how best to
combine the separate indicators into a single index. Applying different weights
to the indictors based on estimates of their contribution to colorectal cancer risk
factors (for example, using population attributable fractions as calculated by

Brown et al. (2018) is a logical next step. .
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6.8 Conclusion

Key messages:

No association was observed between the overall colorectal cancer risk
index and incidence of colorectal cancer or likelihood of late stage
diagnosis.

Incidence of colorectal cancer was higher in areas hypothesised as
having higher risk of colorectal cancer, according to indicators in the
health and green space domains of the index, but incidence was lower in
areas hypothesised as having higher risk according to the retail domain.

Future research should develop and validate geographic measures of the
local environment and life course measures of environmental exposures.
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Chapter 7

Discussion

7.1 Overview

The previous chapters have explored spatial and social variations in colorectal

cancer using a variety of datasets. Each analysis chapter has discussed the

results in the context of previous research. This final chapter aims to highlight

the key findings of the thesis and the potential impact of these on the broad

research area and public health policy. The strengths, limitations and

challenges of the research are considered.

7.2 Key findings

The findings of this thesis have shown that:

Comprehensive, nationwide mortality data for England and Wales
showed there is geographical variation in colorectal cancer mortality
rates at Local Authority level, although no clear spatial pattern was
observed. This is in contrast to all-cancer mortality, for which there are
higher rates in Local Authorities in the north of England and south Wales
and lower rates in south and east England.

All-cancer mortality is strongly related to deprivation at Local Authority
level, although the pattern of colorectal cancer mortality by deprivation is
less clear. Similarly, there does not appear to be a gradient in colorectal
cancer mortality rates by rurality. These could explain the lack of
geographic variation in colorectal cancer mortality rates.

Linked census and cancer registration data for a large, representative
sample of the population of England and Wales showed that individual
indicators of socio-economic position were associated with colorectal
cancer diagnosis. Risk of colorectal cancer diagnoses was lower among
those with a degree, compared to those with no degree and conversely,
the risk of diagnosis was higher among those living in social rented
housing compared to those living in owner-occupied housing. No
associations with colorectal cancer diagnoses were found for the area-

based measure of deprivation.
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In the same dataset, individual indicators of socio-economic position
(educational attainment, social class and housing tenure) were strongly
associated with colorectal cancer survival time. The survival time for all-
causes of death was longer among those with a degree, compared to no
degree. Conversely, the survival time was shorter among those
employed in manual occupations, compared to non-manual occupations
and among those in social rented housing, compared to owner-
occupiers. Individual indicators of socio-economic position were also
associated with survival time for death from colorectal cancer. There was
a negative association between area deprivation and survival time for
both all-cause and cause-specific death.

Using a bespoke risk index applied to population-based cancer registry
data at small-area (LSOA) level, higher incidence of colorectal cancer
was observed in areas located relatively further from health services and
in areas with less access to green space, however colorectal cancer
incidence was lower in areas with greater access to (assumed health-
damaging) retail outlets.

No associations were found between health-related features of the local

environment and stage at diagnosis, according to the risk index.
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7.3 Impact

7.3.1 Importance of research area

Scale of public health problem

Understanding spatial and social variations in colorectal cancer is important as,
despite improvements in early diagnosis and treatment, the disease remains a
major public health concern in the UK. Over 40,000 people are diagnosed with
colorectal cancer in the UK each year and there are over 16,000 deaths.
Furthermore, it is estimated that over 50% of colorectal cancer cases are
preventable, so identifying and targeting interventions to those most ‘at risk’

could have a considerable impact on morbidity and mortality.

As well as the impact colorectal cancer has on the health of the population, it
also places a huge economic burden on health systems and patients. The
economic cost of colorectal cancer in the UK in 2015 was estimated to be £1.7
billion (Henderson et al., 2021). This figure includes direct expenditure on
colorectal cancer health care, as well as the indirect economic impact which
includes the cost of temporary or permanent absence from work due to
disability, premature death and unpaid informal care. Understanding where
initiatives to improve access to screening, early diagnosis and treatment would
have the greatest impact could reduce the economic burden of the disease on
individuals and the NHS.

Links to previous research

The model of health determinants in Figure 7.1 was introduced in Chapter 1 and
used as a framework to review existing literature and identify research gaps in
Chapter 2. This thesis has contributed to research investigating the broader

determinants of health in the context of colorectal cancer.
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Socio-economic
conditions

Spatial

Spatial

Figure 7.1 Thesis framework

Previous research examining variation in colorectal cancer by geographic area
in the UK has been at regional level, based on administrative regions or (old)
health geographies. Insight at a more local level is needed as there are
considerable demographic and socio-economic differences between local areas
within regions which may be masked by regional patterns. This research has
tried to address this gap by analysing variation in colorectal cancer mortality at
Local Authority (LA) level (Chapter 4). While it is recognised (below) that LAs
still contain heterogeneous populations and a range of urban and rural settings,
they provide much more detail than regions and are more relevant for Public
Health, which operates at LA level. The findings concur with regional level
analysis in England which found less geographic and socio-economic variation
in colorectal cancer incidence and mortality compared to all-cancer mortality
(Arik et al., 2021). Differences by gender in colorectal cancer mortality have
also been previously reported. Higher colorectal cancer mortality was found
among males, but not females, in more deprived areas, based on the IMD
(National Cancer Intelligence Network, 2014). While there was little variation in
colorectal cancer mortality rates for females, the results in Chapter 4 showed
lower colorectal cancer mortality rates among males in the least deprivation

quintile.

Few studies have investigated the association between individual indicators of
socio-economic status and colorectal cancer outcomes as these data are not

routinely collected by cancer registries. Using a large, representative cohort of
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from the ONS Longitudinal Study it was possible to examine colorectal cancer
diagnoses and survival by individual census variables (Chapter 5). Previous
research has reported inconsistent findings regarding the association between
socio-economic status and colorectal cancer incidence (Brown et al., 1998).
The results in Chapter 5 showed an association between both educational
attainment and housing tenure and colorectal cancer diagnoses. Recent
research has reported an emerging socio-economic gradient in colorectal
cancer incidence, measured at the area-level (Tweed et al., 2018), but an
association was not found between the area-based measure of deprivation and
colorectal cancer incidence in the LS using time-to-event-analysis. The findings
of the analysis of colorectal cancer survival (Chapter 5) confirmed those of a
previous study using the LS for an earlier time period which found poorer
colorectal cancer survival among individuals with lower socio-economic status,
by indicators of housing tenure and car access (Sloggett et al., 2007),
suggesting this issue has not been addressed by policy. It is useful to examine
associations by different indicators of socio-economic status as they may reveal
patterns that are not apparent when measured by ecological measures.
Furthermore, there may be different associations with some socio-economic
indicators for different cancers which could aid understanding of how particular

aspects of socio-economic status impact on cancer outcomes.

The impact of the local environment on health has been investigated in relation
to a range of health outcomes, such as obesity, alcohol-related disease and
smoking (Shortt et al., 2016; Burgoine et al., 2018; Sherk et al., 2018). There is
less research on the influence of local environment on cancer risk and
outcomes (Canchola et al., 2017; Shvetsov et al., 2020; Gibson et al., 2020).
Chapter 6 investigated the influence of accessibility to health-related features of
the environment, measured at small area level, on colorectal cancer risk. While
areas relatively further from health services and with less access to green
space had small but significantly higher incidence of colorectal cancer, areas
relatively closer to retail outlets (presumed to have negative impact on health)
have a small but significantly decreased incidence of colorectal cancer. This
unexpected direction in the relationship with the retail environment may be
influenced by the level of deprivation and rurality in areas located closer to retail

outlets, which warrants further investigation. A number of modifiable risk factors
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are associated with colorectal cancer and it is recognised that health behaviours
are influenced by broader environmental, societal and economic conditions,
therefore this area of research is important for understanding the pathway

between socio-economic conditions, lifestyle and cancer outcomes.

7.3.2 Policy and broader relevance

Reducing social and spatial inequalities in cancer outcomes has been a key
policy aim under successive governments. Despite this, inequalities have
persisted, both within the UK and internationally. Cancer outcomes in the UK
have been consistently worse than comparable countries (Coleman et al.,
2011). Therefore continued monitoring of colorectal cancer outcomes by
geographic area and socio-economic group is vital. While no clear deprivation
gradient was found in Chapter 4 for colorectal cancer mortality at area-level,
both incidence and survival of colorectal cancer were associated with individual

indicators of socio-economic status in Chapter 5.

There is also increasing recognition among policy makers of the wider
determinants of health. Examining the influence of the retail environment and
physical environment on cancer risk could inform policies with regard to access
to healthy food and green space. Linkage of small-area level data about the
local environment to cancer registry data (as in Chapter 6) provides a means to
examine the influence of such factors on cancer outcomes. It would be
interesting to examine these relationship for other cancer types, for which there

are known modifiable risk factors.

Understanding colorectal cancer risk at small-area level could inform policies
which prioritise and target interventions to higher risk places and, in doing so,
hopefully reach more susceptible individuals. This should include screening and
education programmes. This would also help to reduce the economic burden of
the disease as interventions could be rolled out in the areas where they would

have the biggest impact.

This thesis has demonstrated the value of using linked population-based data
sets for health research. These types of data are being used in health research
internationally, for example the International Cancer Benchmarking Partnership
(ICBP) was set up in 2009 to enable comparative research on cancer survival,

incidence and mortality trends across high income countries, using a range of
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data sources. The need for (near) real-time health data has come to the fore
during the COVID-19 pandemic, during which linked population-based data sets
have provided insights about the disease and its impact.

During my PhD | have contributed more broadly to advancing population level
linked health data for research, building on my previous data science skills (for
example in (Sturley et al., 2018)). | went on a research visit to the University of
Canterbury, Christchurch, New Zealand which led to me co-authoring a paper
reviewing the utility of these types of data, with a particular focus on case
studies in the UK and New Zealand (Oldroyd et al., 2021). | undertook a 3-
month secondment with Leeds Teaching Hospital NHS Trust (LTHT) at the
height of the COVID-19 pandemic to support their Research Data and
Informatics team with data access requests for COVID-19 research projects.
This included preparing data for the DECOVID project, coordinated by the Alan
Turing Institute, which is compiling a research database from routinely collected

hospital data, to provide rapid insights into COVID-19.
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7.4 Challenges and Learnings

7.4.1 Confidentiality vs. research

Confidentiality of patient data is of utmost importance, but restrictions placed on
the data can limit its usability for research. Openly published data have
limitations for research due to processes such as suppression and rounding of
small numbers. These are necessary to protect the confidentiality of individuals
but can cause problems when, for example, calculating mortality rates for
diseases in which there are small numbers in particular age groups, such as
colorectal cancer, or when split by geographic area. This was the case in
Chapter 4, whereby the smallest geographic level at which the data was
published was LA and even at this geographic unit the data contained
suppression counts. In the UK, confidential data is protected by the Five Safes
framework (UK Data Service, 2021).

7.4.2 Data access

Data access issues have been a major barrier to this research. While it is
important that rigorous application processes are in place, the administration
can be extremely time consuming and slow to process and there have been

numerous delays.
Process

The three data sets used in this thesis each had different data providers and
different processes for approval to access the data. In order to access individual
mortality records held by the Office for National Statistics (ONS), an application
to the UK Data Service (UKDS) was required (see Appendix B). The individual-
level data is categorised by the UKDS as controlled data, meaning it is
potentially disclosive and must be accessed in a secure environment. The
application process involved completion of a Digital Economy Act (DEA)
Research Project Application form and a Secure Access User Agreement which
required a signature from a University solicitor. A further step to the application
process was added after the application was originally submitted, requiring
ethics approval from the applicant’s institution and completion of an ethics self-
assessment. In order to obtain access to data from the Longitudinal Study (LS)

an application was made to the ONS via the Centre for Longitudinal Study
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Information and User Support (CeLSIUS) (see Appendix C). The application
was reviewed by the ONS Research Accreditation Panel (RAP). A further
application to use restricted data was required to append Townsend quantiles to
LS members at small-area level. This is required for any geographic
classification with more detail than local authority. An application to use data
held in CORECT-R was made to the UK Colorectal Cancer Intelligence Hub
(see Appendix D). This comprised a project protocol and data specification
which was reviewed by the Hub Access Committee for approval. The committee
included input from the Bowel Cancer Intelligence UK Patient-Public Group. A
data access agreement was also required and needed to be signed by both the
University of Leeds and the University of Oxford. These application processes
involved many hours of input by researcher, supervisors and University

administrative personnel.
Accreditation and training

A constraint on access to ONS data is that all members of the research team
must hold ONS Accredited Researcher status. This applied to both the mortality
data and the LS data. Individuals applying for Accredited Researcher status
must also complete Safe User of Research data Environments (SURE) training
and pass an assessment. In order to gain access to the CORECT-R data,

researchers must complete an Information Governance training course.
Remote access

Remote access to research data sets can also be a challenge, which was
particularly pertinent during the Covid-19 pandemic (see Covid-19 Impact
Statement). Access to the mortality data is via the UKDS Secure Lab, a secure
remote service accessible from an approved PC at the University of Leeds. The
LS is accessed via the Secure Research Service (SRS) safe setting room at the
ONS offices in London. An Assured Organisational Connectivity (AOC)
agreement was obtained in January 2021, allowing remote access to the SRS
via a safe room at the University of Leeds. Data held within CORECT-R is
accessed remotely via a secure TRE and a request must be made for results to
be checked and outputted. There was a change to the data hosting service
provider for CORECT-R during the period of study which impacted data access

and caused delays.
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Reflections

It is important to have these processes in place to ensure appropriate use of the
data and to protect the confidentiality of individuals whose data is being used.
However, the data access process can be extremely slow which can impede
progress, particularly when projects have set timescales such is the case with
PhD research funding. There were significant delays in obtaining approval to
access the mortality data, both from UKDS and in obtaining a University of
Leeds signature on the Secure Access User Agreement, which were
exacerbated by the Coivd-19 pandemic, as organisations and individuals
adjusted to new ways of working. Access to the CORECT-R data was delayed
while a Data Sharing Agreement was signed by the Office for Data Release
(ODR) within Public Health England (PHE).

The use of three different data sets in this thesis resulted in three times the
challenges of data access. A more streamlined process to enable faster access
to research datasets for trusted researchers, whilst respecting patient
confidentiality, is required. This would facilitate applied research for which

multiple data sets are required and improve the timeliness of research outputs.

7.4.3 Geographic scale

Identifying the appropriate scale of geography which would provide adequate
detail for the analysis whilst also ensuring the reliability of the results was an
important consideration in this research. Despite colorectal cancer being a
relatively common disease (~40,000 cases a year in the UK), small number
problems were still encountered when attempting to analyse trends by

geographic area and demographic group.

In the analysis of mortality trends (Chapter 4), even at Local Authority level
there were some small numbers of colorectal cancer deaths when split by age
group and geographic area. A solution to overcome this was to pool the
mortality data over multiple years. A compromise of conducting the analysis at
LA level is the lack of geographic detail. This is a problem because there can be
considerable variation in deprivation and rurality within large areas such as LAs.
An alternative approach could be to undertake the analysis for smaller areas
(such as MSOAs) and calculate indirectly standardised mortality ratios. The LS

data is only available for broad geographies due to small numbers of sample
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members when split by geographic area and demographic variables. However,
area types can be appended at small-area level by ONS and the identifiers
removed before the data set is returned. Small-area geographies (LSOAs) are
available on the CORECT-R data, however, small number issues are still

relevant when analysing these data by geographic area.

A further consideration is the most appropriate geographic units for
disseminating this type of research. Public Health initiatives are usually area-
based. Local authorities have responsibility for commissioning behavioural and
lifestyle campaigns to prevent cancer and are also responsible for addressing
local health inequalities. Outcomes for the LA as a whole as well as small-areas
with the LA will be of interest for targeting interventions. On the other hand,
NHS cancer services are commissioned by Clinical Commissioning Groups
(CCGs). Further work could be to look at some of these geographic trends by
specific health geographies though a problem will be that health geography
areal definitions invariably change more than once per decade making time-
series and linkage of individual records challenging.

7.4.4 Individual vs. ecological

This thesis has investigated trends in colorectal cancer risk and outcomes by
both individual and area-based indicators of deprivation. Few data sets contain
linked individual-level indicators of socio-economic status and health outcome,
therefore area-based measures of deprivation are often used as a proxy.

When conducting area-based analysis (as in Chapters 4 and 6) consideration
should be given to the ecological fallacy when assessing the generalisability of
results. Relationships observed at the area-level or for groups may not be true
for individuals within that area or group. A further consideration is the Modifiable
Areal Unit Problem (MAUP), whereby the definition of spatial units to which data
are aggregated will influence the results of analysis. This is particularly
applicable to analysis of trends over time, during which boundaries may have
changed. For the analysis in Chapter 4, definitions of geographically consistent
boundaries over time were used. Using smaller geographic units (such as
LSOAs in Chapter 7) may decrease the effect of MAUP and the ecological

fallacy, but they are still relevant even for the smallest spatial units.
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Related to this is the uncertain geographic context problem, whereby results
about the effects of area-based attributes on individual behaviours or outcomes
could be affected by how areas are characterised (Kwan, 2012). Consideration
needs to be given to the geographic and temporal configuration of the physical
and social factors that influence health outcomes. For example, in the analysis
in Chapter 6, there will be areas beyond their local residential neighbourhood
that will exert influence on individuals’ behaviour, such as their commute, place
of work and leisure. The opportunities for physical activity and quality of food
may be different near the work place than near home. Different factors operate
at different scales and the scale is likely to differ by demographic group, which
makes it difficult to define relevant geographic and temporal contexts. A more
recent approach has been to define activity spaces to capture contextual

exposures (Perchoux et al., 2013).

An additional challenge when dealing with uncertainty in geographical research,
is that researchers are often limited in what they can observe by the data and
methods available (Franklin, 2022). For example, it may not be possible to link
individuals to areas deemed the most relevant spatial unit for the process under
investigation due to the data specification, availability and confidentiality
constraints. This also applies to ecological analyses, in which ideally analysis
might be carried out by smaller spatial units, but this is not possible due to data
access challenges and small number issues, which require handling using

appropriate methods.

7.4.5 Generalisability of results

The mortality data used in Chapter 4 contained comprehensive death
registration records for England and Wales and there is very little missing data.
Similarly, CORECT-R contains cancer-registry data for the whole of England
and plans are in place to expand this to the rest of the UK. The LS is a large,
representative sample of the population of England and Wales, which improves
the generalisability of the results generated using these data to the wider

population.

The findings of this research are potentially generalisable to other similar
countries, although caution should be taken when comparing the results to

those in different healthcare settings and geographic contexts, such as
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countries in which the definition of urban and rural will include some very
remote populations. Furthermore, in England and Wales the NHS is free to use
so there may be less disparities in health than in similarly developed countries

where health care is not free and requires insurance.

7.4.6 Timeliness

The timeliness of the data available was a limitation to the studies in this thesis.
While the most recent (up to 2020) mortality data is openly published at
aggregate level, due to delays in accessing the individual-level data described
above, it has currently only been possible to analyse the mortality trends up to
2012. Cancer registrations linked to the LS are only available up to December
2016, however, there was a long-follow up period for time-to-event analysis.
Cancer registry data up to the end of 2018 is held within CORECT-R, although
there are plans to update this. Due to these challenges the time period covered

in the analyses is not as up-to-date as hoped.
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7.5 Further work
Mortality data

When access to the up-to-date mortality data is approved, colorectal cancer
mortality trends for the most recent time period could be examined. It would be
interesting to see if colorectal cancer mortality trends reflect those observed for
all-cause mortality in recent years, whereby there has been a stalling of
improvements in mortality rates in the UK since 2011 (Hiam et al., 2018) and an
increase in mortality rates in some demographic groups (Marmot et al., 2020).
The impact of Covid-19 on colorectal cancer mortality rates, and variation by
area deprivation, could be examined with the most recent years of data. This
could reveal where delays to diagnosis and treatment have had the biggest
impact on colorectal cancer outcomes. Evidence from population-based NHS
data sets has demonstrated that the diagnostic pathway for colorectal cancer
was severely disrupted during the COVID-19 pandemic in England, with
reductions in urgent 2-week referrals and the use of colonoscopy (Morris et al.,
2021). It was estimated that over 3,500 fewer people have been diagnosed and
treated for colorectal cancer in England between April and October 2020 than

would have been expected.

A further line of enquiry using the mortality data would be to examine trends of
colorectal cancer mortality rates by trajectories of deprivation and population
density over time. This approach overcomes the issues of using cross-sectional
measures of area types for a time-series of outcome data. It was planned to
carry out this work, and the methodology has been tested, but it is awaiting

more recent and more local-level data.
ONS LS

An advantage of the LS is the long time period over which the cohort has been
followed. While this was utilised in Chapter 5 to investigate colorectal cancer
outcomes over a long follow-up period, a further step could be to stratify the LS
study sample by change in individual socio-economic status or area deprivation
over time. Change in area deprivation could be defined both in terms of
migration (moving between areas with different levels of deprivation) and

changing deprivation of areas over time.
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If and when more recent cancer registration data are linked to the LS, it would
be interesting to examine socio-economic variation in colorectal cancer
diagnoses and outcomes for different cohorts, pre and post the introduction of

the Bowel Cancer Screening programme.
CORECT-R

The CORECT-R resource offers huge potential for further research into
colorectal cancer using linked data sets. Small-area data linkage to CORECT-R
would enable further area-level attributes to be investigated (such as
expenditure patterns discussed below). The bespoke index in Chapter 6 could
be further developed to encompass such datasets. There are also plans to link

cancer screening data to CORECT-R.

The Rapid Registration Data produced by the National Cancer Registration
Service (2022) will allow analysis of more recent colorectal cancer data. This
data set provides more up-to-date cancer data than the standard cancer registry
data as it does not go through the same rigorous data quality and completeness
checks that registry data usually would (which is why there is a considerable

time lag before it is released).

The Hospital Episode Statistics (HES) and National Radiotherapy data held
within CORECT-R could be used to examine outcomes for radiotherapy
patients by geographic location. There is evidence from previous research in a
single region in England that rectal cancer patients were less likely to receive
radiotherapy with increased travel time to the nearest radiotherapy centre so it
would be interesting to investigate this using a more recent and nation-wide

data set.
Other data sources

Other data sources offer potential avenues for research which would

complement the work in this thesis.

Data from the Bowel Cancer Screening Programme (BCSP) could be used to
examine the impact of the programme on colorectal cancer incidence and
mortality rates. The geographical roll-out of the screening programme was
complex, but it would be interesting to see if the timing of the roll-out is reflected
in the incidence and mortality trends. Data containing uptake rates of bowel

cancer screening at area-level is available via the PHE Fingertips tool (Office for
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Health Improvement and Disparities, 2022). It may also be possible to link data

from the BCSP to the LS to examine uptake my socio-demographic variables.
Consumer data

Novel data sources, such as consumer data, could also be utilised in
epidemiological studies. Supermarket transaction data for loyalty card holders
could be used to examine spending patterns on food and drink. These type of
data have been used previously to identify and profile dietary patterns of the UK
population (Sturley et al., 2018; Clark et al., 2021). These type of data (or
profiles derived from them) could potentially be linked to data held with
CORECT to examine colorectal cancer incidence by dietary patterns. The
Consumer Data Research Centre (CDRC) holds retail and consumer data sets

which researchers can apply to use.
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7.6 Summary

Reducing inequalities in colorectal cancer is a public health priority. This
thesis has used three different datasets with national coverage to
investigate spatial and social variations in colorectal cancer in England
and Wales. The data sets have complemented one another (

Figure 7.2) to provide a better understanding of colorectal cancer incidence,
survival and mortality. The mortality data provided population-level information
on death registration over a 20-year period which enabled geographic and
socio-economic analysis of colorectal cancer mortality at LA level. The LS
includes individual socio-economic attributes, which are not contained in the
other data sets but does not include detailed geographic information. The long-
follow up period in this data set enables time-to-event analysis which is not
possible in cross-section data. CORECT-R contains small-area geographic
information which enables contextual analysis, but it does not include individual

socio-economic attributes.

While there was some spatial variation in colorectal cancer mortality, there was
no clear pattern by geographic area or area deprivation at Local Authority level.
More detailed geographic information is needed to investigate these patterns
further. A stronger association was found between individual socio-economic
attributes and colorectal cancer incidence and survival. Examination of the
influence of the local environment is a relatively new area of cancer research.
Some associations with colorectal cancer incidence were observed, but not in

the expected direction regarding the retail environment.

Access to up-to-date data is needed to monitor current health outcomes.
Combining traditional datasets with novel data sources offer the potential to

examine these relationships in more detail.
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Figure 7.2 Summary of research data sets
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Conference presentations

September 2018 - British Society for Population Studies Annual

Conference, Winchester (UK)

Oral presentation: Spatial variation in colorectal cancer mortality by
deprivation: England and Wales

September 2018 — Leeds Institute for Data Analytics Annual Showcase,
Leeds (UK)

Oral presentation: Spatial variations in colorectal cancer mortality by

deprivation: England and Wales

June 2019 — 18th International Medical Geography Symposium,

Queenstown (New Zealand)

Oral presentation: Variations in colorectal cancer survival by

socioeconomic status and area type
August 2019 — GEOMED, Glasgow (UK)

Poster presentation: Variations in colorectal cancer survival by

socioeconomic status
April 2021 — GIS Research UK Annual Conference, Cardiff (UK) [Virtual]

Oral presentation: Spatial variations in colorectal cancer mortality in
England and Wales

Published conference proceedings:

Sturley, C., Norman, P., Downing, A. and Morris, M. (2021). Spatial
variations in colorectal cancer mortality in England and Wales. 29
Annual GIS Research UK Conference (GISRUK), Cardiff, Wales, UK
(Online). Available from: https://doi.org/10.5281/zenodo.4669898
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Qualification working fowards (eg PhD
Masters, PhD)
Supervisor's name (Title, first name, Dr Amy Downing
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sumame)

Department/ Schoolf Institute Leeds Institute of Medical Research (LIMR)

Faculty Faculty of Medicine and Health

Work address (including postcode) Leeds Institute for Data Analytics, Level 11 Worsley Building, Clarendon
Way, Leeds, LS2 9NL

Supervisor's telephone number 0113 34 30308

Supervisor's emall address a_ downing@leeds.ac.uk

Module name and number (if applicable)

B.2 Other members of the research team (eg co-investigators, co-supervisors) 2!

Name (Title, first name, surname) Dr Michelle Morris

Position Co-supervisor

Department/ Schoolf Institute Leeds Institute of Medical Research (LIMR)

Faculty Faculty of Medicine and Health

Work address (including posifcode) Leeds Institute for Data Analytics, Level 11 Worsley Building, Clarendon
Way, Leeds, LS2 9NL

Telephone number 0113 34 30883

Email address m.momis@leeds. ac.uk

Name (Title, first name, surname) Dr Paul Norman

Position Co-supervisor

Department/ Schoolf Institute School of Geography

Faculty Faculty of Environment

Work address (including postcode) School of Geography, University of Leeds, Leeds, LS2 9JT

Telephone number 0113 34 38199

Email address p.d.norman@leeds.ac.uk

Part C: The research

C.1 What are the aims of the study?22 (Must be in language comprehensible to a lay person.)
The aims of this research are fo:

= Describe trends in colorectal cancer mortality in England and Wales over a 25 year period (1993-2018) by
geographical location and area-level socio-economic deprivation

= Compare colorectal cancer mortality trends to those of other types of cancer and broad causes of death

= |dentify whether there are statistically significant hot spots of colorectal cancer mortality across England and
Wales and whether these have changed over time
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C.2 Describe the design of the research. Qualitative methods as well as quantitative methods should be
included. {(Must be in language comprehensible to a lay person.)

It is important that the study can provide information about the aims that if intends to address. If a study cannot
answer the questions/ add to the knowledge base that it infends fo, due fo the way that it is designed, then wasting
participants’ time could be an ethical issue.

The research will use data from the Office for National Statistics (ONS) compnising individual death registrations in
England and Wales between 1993 and 2018. The data set includes the age, sex, postcode of usual residence and
cause of death for each individual. Area-based measures of deprivation (Townsend deprivation score) and rurality
(ONS 2011 rural-urban classification) will be linked fo the death registrations based on the individuals postcode.

Directly standardised colorectal cancer mortality rates (per 100,000 population) will be calculated for each year by sex,
deprivation quintile, geographic area, rural-urban classification and cause of death. Additional aggregation, such as
pooling data over multiple years and using broader age groups, may be required when calculating the mortality rates
to handle small number problems which may arise when the number of deaths is split by sex, age group, cause of
death and deprivation quintile. Spatial clustering analysis technigues will be used to identify whether there are
statistically significant clusters of high or low colorectal cancer mortality rates in England and Wales and how these
pattemns have changed over time.

Mortality rates for other types of cancer and broad cause of death will be calculated and compared to those for
colorectal cancer to identify similarities and differences in the mortality trajectories.

C.3 What will participants be asked to do in the e;tut:l}.r?:"':= (e.g. number of visits, ime, fravel required, inferviews)

NfA. The study involves the use of secondary data only.

C.4 Does the research involve an international collaborator or research conducted overseas?24

v
lYeslNu

If yes, describe any ethical review procedures that you will need to comply with in that country:

Describe the measures you have taken to comply with these:

Include copies of any ethical approval letters/ certificates with your application.

C.5 Proposed study dates and duration
Research start date (DD/MMMYY): _01/11/2020 Research end date (DD/MMMYY'):. _30/11/2021

Fieldwork start date (DD/MMMYY): _N/A, Fieldwork end date (DD/MM/YY): _NIA,

C.6. Where will the research be undertaken? (i.e. in the street, on UoL premises, in st:hools}zﬁ

On University of Leeds premises (Leeds Institute for Data Analytics).

RECRUITMENT & CONSENT PROCESSES
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C.7 How will potential participants in the study be identified, approached and recruited ?28

How will you ensure an appropriately convened sample group in order o meef the aims of the research? Give details
for subgroups separalely, if appropriate. How will any pofeniial pitfalis, for example dual rofes or potential for coercion,
be addressed?

NfA. The research does not invelve recruitment of paricipants.

C.8 Will you be excluding any groups of people, and if so what is the rationale for that?27
Exciuding certain groups of people, infentionally or uninfenfionally may be unethical in some circumstances. It may be
whoily appropriate to exclude groups of people in other cases

NfA. The research will use secondary data on all deaths registered in the study period.

C.9 How many participants will be recruited and how was the number decided upon?zs
it is important fo ensure that enough pariicipants are recruited to be able fo answer the aims of the research.
NfA. The research does not involve recruitment of paricipants.

If you have a formal power calculation please replicate it here.

Remember to include all advertising material (posters, emails efc) as part of your apphication

C10 Will the research involve any element of deception?2?
If yes, please describe why this is necessary and whether participants will be informed at the end of the study.

No.

C.11 Will informed consent be obtained from the research pa:ticipams?""“
= W

Yes ! No
If yes, give details of how it will be done. Give details of any particular steps 1o provide information (in
addition 1o a written information sheet) e.g. videos, interactive marterial. If you are not going to be obtaining
informed consent you will need 1o justify this.
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If participants are to be recruited from any of potentially vuinerable groups, give details of exira steps taken
o assure their protection. Describe any arrangements 1o be made for obtaining consent from a legal

representative.

Will research participants be provided with a copy of the Privacy Notice for Research? If not, explain why not
Guidance is available at hiips:/dataprotection. ieeds.ac.ukfnformation-for-researchers.

v
I Yes : No

The research uses secondary data.

Copies of any written consent form, written informarion and all other explanatory material should accompany
this application. The informafion sheet should make explicit that participants can withdraw from the research af any
time, if the research design permits. Remember fo use meaningful file names and version controf fo make it easier to
keep frack of your documents.

Sample information sheets and consent forms are available from the Universiy ethical review webpage ai

hitp:firis leeds. ac.uk/involvingResearchParticipanis.

C.12 Describe whether participants will be able to withdraw from the study, and up to what point (eg if data is
to be anonymised). If withdrawal is not possible, explain why not.

Any limits fo withdrawal, eg once the results have been written up or published, should be made clear fo participants
in advance, preferably by specifying a date after which withdrawal would nof be possible. Make sure that the
information provided to participants (eg information sheets, consent forms) is consistent with the answer fo C12.

NfA_ The research uses secondary data on death registrations.

C.13 How long will the participant have to decide whether to take part in the research7??
It may be appropriaie fo recruit participanis on the spot for low risk research; however considerafion is usuaily
necessary for riskier projects.

NFA. The research does not involve recruitment of paricipants.

C.14 What arrangements have been made for participants who might have difficulties understanding verbal
explanations or written information, or who have particular communication needs that should be taken into
account to facilitate their involvement in the research?32 Different popufations will have different information
needs, different communication abilifies and different levels of understanding of the research topic. Reasonable efforts
should be made fo include pofential participants who could otherwise be prevenfed from participating due to
disabilities or language barriers.

NfA_ The research does not involve recruitment of participants.
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C.15 Will individual or group interviews/ questionnaires discuss any topics or issues that might be sensitive,
embarrassing or upsetting, or is it possible that criminal or other disclosures requiring action could take
place during the study (e.g. during interviews or group discussions)?*® The information sheet should expfain
under what circumstances action may be taken.

v
I Yes ' No If yes, give details of procedures in place to deal with these issues.

C.16 Will individual research participants receive any payments, fees, reimbursement of expenses or any
other incentives or benefits for taking part in this research?

v
IYes'No

If Yes, please describe the amount, number and size of incentives and on what basis this was decided.

RISKS OF THE STUDY

C.17 What are the potential benefits and/ or risks for research participants in both the short and medium-
term?39

NfA. The research does not involve recruitment of participants.

C.18 Does the research invoive any risks to the researchers themseives, or people not directly invoived in the
research? Eg lone working=°
" ves ™ no

If yes, please describe:

Is a risk assessment necessary for this research?
If you are unsure whether a risk assessment is required visit hifp A'is leeds ac. uk/HealthAndSafetyAdvice or contact
your Faculty Health and Safely Manager for advice.

v
I Yes I No If yes, please include a copy of your risk assessment form with your application.

RESEARCH DATA

C.19 Explain what measures will be put in place to protect personal data. E.g. anonymisation procedures,
secure storage and coding of data. Any potential for re-identification should be made clear to participants in
advance.?” Please note that research dala which appears in reports or other publications is nof confidential, even if it
is fuily anonymised. For a fuller explanation see hifp./is leeds.ac. uk/ConfidentialityAnonymisation. Further guidance
is available at hitp s leeds.ac.uk/ResearchDataManagement.

As described in section A 10, the data will be accessed via the UK Data Service Secure Lab. The Secure Lab is a
secure, web-based interface which will be accessed remotely from a named PC at the University of Leeds. The data
does not contain direct identifiers of individuals and strict security measures will be observed fo prevent the disclosure
of potentially identifiable information. The data will never be downloaded from the secure environment and any outputs
are subject to stafistical disclosure control checks before they can be released. The checks ensure no individuals can
be identified from the research outputs.
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C.20 How will you make your research data available to others in line with: the University’s, funding bodies’
and publishers’ policies on making the results of publically funded research publically available. Explain the
extent to which anonymity will be maintained. (max 200 words) Referto

hitp:firis leeds. ac.uk/ConfidentialityAnonymisation and hitp/ins.leeds.ac.uk/ResearchDataManagement for guidance.

Results of the statistical analysis will be written up as a PhD thesis chapter and submitted for peer-review journal
publication. The results will be subject to statistical disclosure control checks before they will be released from the
secure research environment. The research data cannot be downloaded from the Secure Lab and will therefore not be
made publically available.

C.21 Will the research involve any of the following activities at any stage (including identification of potential
research participants)? (Tick as appropriate)

! Examination of personal records by those who would not normally have access
Access to research data on individuals by people from outside the research team

Electronic surveys, please specify survey tool: (further guidance

Other electronic transfer of data

Use of personal addresses, postcodes, faxes, e-mails or telephone numbers

Use of audio/ visual recording devices (NB this should usually be mentioned in the information for
participants)

FLASH memory or other portable storage devices
Storage of personal data on, or including, any of the following:

L1 University approved cloud computing services
= Other cloud computing services

[ Manual files

-

Private company computers
-
Laptop computers

! Home or other personal computers (not recommended; data should be stored on a University of
Leeds server such as your M: or N: drive where it is secure and backed up regularly:
hitp:iiris.leeds.ac.ukiResearchDiataManagement. )

Unclassified and Confidential University dafa must be kepi on the University servers or in approved cloud services
such as Office 363 (SharePuoint or OneDrive). The N. Drive or Office 363 should be used for the storage of daia thai
needs fo be shared. If Highly Confidential information is kept in these shared sforage areas it must be encrypied.
Highly Confidential data that is not to be shared should be kepf on the M- Drive. The use of non -University approved
cloud services for the siorage of any Universify data, including that which is unciassified, is forbidden without formal
approval from IT. Further guidance is available via hitp /s leeds.ac.uk/ResearchDataManagement.

C.22 How do you intend to share the research data? (Indicate with an 'X) Refer to
hito/library.leeds. ac. ukfresearch-data-deposit for guidance.

Exporting data outside the European Union
Sharing data with other organisations
Publication of direct quotations from respondents

Publication of data that might allow idenfificaion of individuals to be identified

UREC Ethics form version 38 (updated 12/11/18) Page 10 of 14




238

Submitiing to a journal to support a publication

Depositing in a self-archiving system or an institutional repository
Dissemination via a project or institutional websiie

Informal peer-to-peer exchange

Depositing in a specialist data centre or archive

Other, please state:

™ No plans to report o disseminate the data

C.23 How do you intend to report and disseminate the results of the study? (Indicate with an °X) Refer to
hitp:liris leeds. ac.uk/ResearchDissemination and hitp.fris leeds. ac.uk/Publication for guidance.

Conference presentation
o Peer reviewed journals
Publication as an eThesis in the Institutional repository

Publication on website

Other publication or report, please state:

Submission to regulatory authorties

Other, please state:

No plans to report or disseminate the resulis

C.24 For how long will data from the study be stored? Please explain why this length of time has been
chosen.® Refer to the RCUK Common Principles on Data Policy and

hitp:firis leeds. ac.uk/info/7 1/good_research_practice/106/research_data_guidances5.

Students: it would be reasonabie o refain data for at least 2 years after publication or three years affer the end of
data coflection, whichewver is longer.

N/A Research data will be accessed remotely via the UKDS Secure Lab and will not be stored locally at the University
of Leeds.

years, months

CONFLICTS OF INTEREST

C.25 Will any of the researchers or their institutions receive any other benefits or incentives for taking part in
this research over and above normal salary or the costs of undertaking the research?

I Yes i No

If yes, indicate how much and on what basis this has been decided
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C.26 Is there scope for any other conflict of interest?4? For example, couwid the research findings affect the any
ongoing refationship between any of the individuals or organisations involved and the researcher(s)? Will the research
funder have control of publication of research findings? Refer o hitp2iins.leeds. ac.uk/ConfiictsOfinterest.

I
I ves ¥ No
If s0, please describe this porential conflict of interest, and outline what measures will be 1aken 10 address
any ethical issues that might arise from the research.

C.27 Does the research involve external funding? (Tick as appropriate)

I Yes I No If yes, what is the source of this funding? _Cancer Research UK

NB: If this research will be financially supported by the US Department of Health and Human Services or any of its
divisions, agencies or programmes please ensure the additional funder requiremenis are complied with. Further
guidance is available at hiip s leeds. ac. wi/FWAcompliance and you may also contact your FRIO for advice.
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PART D: Declarations

Declaration by Principal Investigators

1. The information in this form is accurate to the best of my knowledge and helief and | take full responsibiiity for
it.

2. lundertake to abide by the University's ethical and health & safety guidelines, and the ethical principles
underlying good pracfice guidelines appropnate to my discipline.

3. [ the research is approved | undertake o adhere to the study protocol, the terms of this application and any
conditions set out by the Research Ethics Committee (REC).

4. lundertake to seek an ethical opinion from the REC before implementing substantial amendments to the
protocol.

| undertake to submit progress reports if required.

| am aware of my responsibility to be up to date and comply with the requirements of the law and relevant
guidelines relating to security and confidentiality of patient or other personal data, including the need to
register when necessary with the University's Data Protection Controller (further information available via
hitpiiris.leeds. ac.uk/ResearchDataManagement).

I understand that research records/ daia may be subject to inspection for audit purposes if required in future.

| understand that personal data about me as a researcher in this application will be held by the relevant RECs
and that this will be managed according to the principles established in the Data Protection Act.

9. lunderstand that the REC may choose to audit this project at any point afier approval.

Sharing information for training purposes: Oplional — please tick as appropriate:
I would be content for members of other Research Ethics Committees to have access to the information
in the application in confidence for training purposes. All personal identifiers and references to
researchers, funders and research units would be removed.

Principal Investigator:

Signature of Principal Investigator: ... T

(This needs to be an actual signature rather than just typed. Electronic signatures are acceptable)
Print name: _._Charlotte Sturdey..._.__.......__ ... Date: {(ddmmdyyyy): . 22008/2020 .. ...

Supervisor of student research:

| have read, edited and agree with the form above.

AN ’
FEISLI AL,
Supervisor's signature: . T
{This needs to be an actual signature rather than just typed. Electronic signatures are acceptable)

Print name: .. Amy DOWIING. ..o oo Dates (ddmmndfyyyy). 23092020,

Flease submit your form by email to the FREC or School REC's mailbox.

Remember to include any supporting material such as your participant information sheet, consent form, interview
questions and recruitment material with your application.
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To help speed up the review of your application:

O Answer the questions in plain English, avoid using overly technical terms and acronyms not in
common use.

O Answer all the questions on the form, including those with several parts (refer to the guidance if
you're not sure how to answer a question or how much detail is required).

O Include any relevant supplementary materials such as
O Recruitment material (posters, emails etc)

3O Sample participant information sheet

O Sample consent form. Include different versions for different groups of participants eg for
children and adults, clearly indicating which is which.

O Signed risk assessment (If you are unsure whether a risk assessment is required visit
http://ris leeds.ac.uk/HealthAndSafetyAdvice or contact your Faculty Health and Safety
Manager for advice).

Remember to include use version control and meaningful file names for the documents.

O If you are not going to be using participant information sheets or consent forms explain why not and
how informed consent will be otherwise obtained.

O If you are a student it is essential that you discuss your application with your supervisor.

O Submit a signed copy of the application, preferably electronically. Students’ applications need to be
signed by their supervisors as well.
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Appendix B

UK Data Service

<
\|.||:/,5

DEA Research Project Accreditation
Application

Public

17 December 2019
Version: 01.00

T +44 (0)1206 872143
E help@ukdataservice ac.uk
ukdataservice ac.uk
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Background on changes to the form
The ONS is changing the way it deals with applications for controlled access to ONS data.

The UK Statistics Authority has issued a Research Code of Practice and Accreditation
Criteria concemning the disclosure, processing, holding or use of personal information under
the Digital Economy Act (DEA).

The form that follows is for Project accreditation that will be submitted to the new

Research Accreditation Panel (RAP) to independently accredit projects. The project
application form will be going online in 2020, but a Word copy will be used until the online

version is available.

Completing the form

The new form found below replaces the UK Data Service’'s ONS Research Project
Application form, version 02.00, November 2017

The project lead should complete this, using the excellent guidance available for DEA
Research Project Applications and send to the UK Data Service by email to

secure.applications@ukdataservice.ac.uk.

Please ensure that the people listed in section 3 (Research team) correspond exactly with
the members of your UK Data Service Project for which controlled data has been requested.
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i 4 UK Statistics . L
J Authority Research Project Accredlltatl_on
Application

Chapter 5 of Part 5 of the Digital Economy Act (DEA) 2017 facilitates the linking and sharing of
datasets held by public authorities (as defined in the Act) for research purposes, across the UK. The
provisions aim to broaden the capacity of research to deliver direct and indirect public benefits,
including the production of valuable new research insights about UK society and the economy. To
provide clarity and transparency about how the research power will operate, the UK Statistics
Authority has issued a Research Code of Practice and Accreditation Criteria conceming the
disclosure, processing, holding or use of personal information under the DEA.

The Code sets out the criteria for the accreditation of processors, research projects and researchers

and the Authority has established the Eesearch Accreditation Panel {RAP) to independently accredit
each of these.

You need to complete this form if you wish to apply for access to unpublished data for your
research.

Guidance on completing this form can be found on the UK Statistics Authority website.

1 Application Type:

Research project [[] Exploratory analysis

2 Project Lead:

2.1 Personal defails and contact information of project fead.

Last name® Sturley
First name* Charlotte
Middle names (if any)

[€] Accredited Researcher!
What is your role on the < I
project? [] Peer Reviewer? with access to secure data

[[] Peer Reviewer with access to cleared outputs only

Do you have an Accredited — .
Researcher (AR) Number? Yes No [] AR Number: 32621

' To become an Accredited Researcher, please complete the Accredifed Researcher application form
available on the UK Sfafistics Authority website.

2 A Peer Reviewer may be:

2 A researcher who accesses data classified as personal information in a secure setfing at a
DEA Accredited Processor to validate previous analysis and who has access to cleared
outputs from the research. The researcher will need to be accredited for this Peer Reviewer
role {if not accredited, please submit separate Accredited Researcher application), or

- A researcher who only accesses cleared non-disclosive outputs (researcher does not
require accreditation to perform this role).
1.2 October 2019 Page 3 of 12




245

2.2 Ifyou do not yet have an Accredited Researcher number, please complete the following
fable about yourself.3

Organisation name

Organisation address

Organisation postcode

Work telephone no.

Work email

Date of birth

3 Researcher Team:

3.1 ifyou are the Research Project Lead for the research project, please provide the names
and details of all members of the team. Flease add more tables if required.

Last Name* Norman

First Name* Paul

Middle names (if any)

[ Accredited Researcher
What is their role onthe | L] Peer Reviewer with access to secure data

project? [] Peer Reviewer with access to cleared outputs only
Do you authorise this person to deputise for you as Project Lead? Yes [
Do they have an AR

Number? Yes No [] AR Number: 30745

3.2 Ifthe person named does not have an Accredifed Researcher number, please complete
the following section with their defails.

Organisation name

Organisation address

Organisation postcode

3 To become an Accredited Researcher, please complete the Accredifed Researcher application form
available on the UK Stafistics Authority website.

* Fields marked with an asferisk are mandatory and will be published in the record of DEA Accredited
Researchers and their Accredited Research projects on the UK Statisfics Authority website, fo meet
transparency requirements.
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Work telephone no.

Work email

4 Research Sponsor:

4.1 Have you been commissioned to perform this research for another organisation?

[0 Yes Bl No

4.2 If you answered "Yes’, please provide the defails of this organisation below and the work
defails of your contact there.

Sponsor Organisation
name*

Last Name of your main
contact in that organisation

First Name of your main
contact in that organisation

Contact’s address

Contact’s postcode

Contact’s telephone no.

Contact’s email

5 Title of the research project: *

Spatial and social variations in mortality by colorectal cancer in comparison with other
causes of death in England and Wales

Estimated duration of research project:

Start Date: 01/08/2020 Publish Date: 31/07/2021

6 Research Theme:

6.1 Select the theme below which best describes your research project.

Births and mortality

6.2 If asked fo specify additional theme information, add it in this box
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7 Abstract of the research project: *

Inciude a short descripfion of the project and its beneiits, in no more than 100 words.

The research project will analyse colorectal cancer mortality trends in England and
Wales by age, sex, geographic area, deprivation level and rurality over a 25 year period.
Wariations in mortality by demographic and socio-economic characteristics will be
investigated along with how these relationships have changed over time.

Trends in colorectal cancer mortality will be compared to those for other types of cancer
and broad causes of death to identify similanties and differences in their mortality
trajectories.

The project will provide up-to-date information on trends and inegualities in colorectal
cancer mortality which could inform area-based targeting of public health initiatives.

8 Purpose of Research Project: *

FProvide a detfailed description of the purpose for which the data are requested, describing the aims
of the study/fresearch in no more than 500 words. Where research is part of a larger programme
please include defails below.

The aim of the research project is to investigate varnations in colorectal cancer mortality
rates in England and W ales over time by geographic location, area-based depnvation
and rurality.

Following a steady decline in mortality rates during the 20™ Century in England and
Wales, since 2010/11 improvements in mortality have slowed down or stalled for both
men and women. This study will investigate whether this pattern persists for different
causes of death, in particular colorectal cancer and how this compares to other fypes of
cancer and broad causes of death.

Furthermore, the project will investigate whether colorectal cancer mortality trends vary
by area type (including level of deprivation, rurality and population density) and whether
inequalities in mortality have reduced or widened over time.

This research is part of a wider PhD project investigating spatial and social variations in
colorectal cancer incidence, survival and mortality in England and Wales funded by
Cancer Research UK and based in the UK Colorectal Cancer Intelligence Hub at the
University of Leeds.

9 Research Methodology:

Provide details of the research protocol or methodology (e.g. data linkage or matching, web
scraping efc) and how you infend fo use the data, in no more than 1000 words.
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Individual mortality records held by the ONS will be linked to Townsend depnivation
scores, the ONS rural-urban classification and population density categories based on
the small area of residence of each individual.

Directly standardised mortality rates will be calculated by sex, geographic area,
deprivation quintile, rural-urban classification, population density and cause of death
for each year between 1993 and 2018. The European Standard Population 2013 will
be used as the standard. An innovation of this work will be to contrast the stratification
of rates by deprivation and urban-rural types with frajectories of geographic areas
grouped by classification techniques which will allow trends to emerge which
otherwise might be masked by more conventional area groupings.

The mortality rates by sex, deprivation quintile, rural-urban classification and trajectory
groups will be visualised on graphs and the rates by geographic area will be mapped.
Hot spot analysis will be carried out to identify geographic clusters of high or low
mortality rates. These will be analysed over both space and time to idenfify whether
the location of clusters have changed over the time penod.

A key consideration when calculating the mortality rates will be which geographic units
to use that will provide adequate detail for analysis whilst ensuring reliability of results.
Some experimentation will be required to identify the appropriate level of geography.
This will include calculation of rates at both Local Authonity and Middle Layer Super
Output Area (MSOA) level. Additional techniques, such as pooling of data over
multiple years and using broader age categories, could also be implemented to handle
small number problems that may arise when the number of deaths is split by sex, age
group deprivation quintile and cause of death.

10 Data Required*:

10.1 List the fitle{s) and years/releases of the daiasel(s)® you will use. Make sure you include
enough defail fo uniguely identify the data you want.

Death Registrations in England and Wales, 1993-2018: Secure Access

10.2 If you intend to bring in any dafa for your project, give details of the data including who the
owner is and provide evidence that the owner has given permission for their data to be
used by you for this research.

4 if you request access to ONS Longitudinal Study data sets or Civil Registration data sets you must
compiete fthe appropriate supplementary forms on the ONS websife.

5 If you request access fo data within the ONS Secure Research Service you should refer fo the Data
Catalogue on the ONS website fand use the same names).
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10.3 Explain why access fo legally profected {unpublished) dafa is needed. Please state what
other daia sources have been considered and why they are not sufficient for your
PUIPOSES.

Access to individual mortality records is required due to problems with small counts
when using the mortality by cause data published on Nomisweb.

As part of the study we wish to investigate time trends in colorectal cancer (C18
Malignant neoplasm of colon and C19-C21 Malignant neoplasm of rectosigmoid
junction, rectum and anus) compared with all cancers (C00-D48 Neoplasms) and all
causes. The rounding to 0 and 5 in the published data leads to problems in calculating
the mortality rates for colorectal cancer due to low counts by age group and
geographic area.

10.4 Does your project include any linking of dafa sources (as defined within the application
guidance)?

[ Yes [0 No

If yes, provide the following details below:
= description of the data sources(s) to be linked;
= summary of the key variables,
= summary of the linking methodology; and
= the justification for the linking.

Townsend deprivation scores and quintiles, population density categories and the
ONS rural-urban classification for 2011 geographies are to be appended to mortality
records based on each individual’s small-area of residence. This will enable analysis
of mortality trends by area deprivation and rurality/urbanity.

11 Software Required:
Select the software that you will require for your research project

Adobe Acrobat

[l Reader DC [[J  MNotepad++ [d SPSS

[0 Anaconda 3 24 QGis [] Spyder

[0 ArcGIS [ Qtconsole [] STATA

[ Jupyter Notebook [0  RforWindows [0 Winzip

Microsoft Office s

O Professional Plus B RSkl

0 ML-WIN [0 sas [0 Other (please specify)
12 Ethics:

You will need fo provide evidence of an ethics consideration for your research project.

Have you had ethical approval for this project from your organisation or elsewhere?
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[J Yes 1 No
If no, you may wish fo use and submit a complefed UK Statistics Authorily Data Ethics self-
assessment form available on our website.

If yes, please give delails of the ethical approval body and any caveals, aiftaching any relevant
documentation.

13 Public Good:

13.1 Flease describe how your research project will provide a public good. Complete all the
sections that apply.

Public Good Desc_ribe I'!ow thi_s research project will
provide this public good

Provide an evidence hase for public
policy decision-making

Provide an evidence base for public The research will provide evidence for area based
sefvice delivery targeting of inifiatives to address health inequalities.

Provide an evidence base for decisions
which are likely to significantly benefit
the UK economy, society or guality of
life of people in the UK

To replicate, validate or challenge
Official Statistics
To replicate, validate or challenge
existing research

To significantly extend understanding of
social or economic trends or evenis by This study will provide up to date mortality trends by
improving knowledge or challenging deprivation and rurality for specific causes of death.
widely accepted analyses

To improve the quality, coverage or
presentation of existing statistical
information

13.2 Have any risks to public benefit been identified? What are they and how have they been
mitigated?
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14 Duration of access:
What is your best esiimate of the last time you will need access fo the unpublished data?
Note: if applying for exploratory analysis, access will be granted for a maximum of 12 months.

30772021

15 Location of data access:

It is a requirement of the Digital Economy Act that any linking or matching of data and the
provision of access fo the data are carmied out by a DEA Accredited Processor.

15.1 If you require data to be linked, which processor sernvice do you want to use to prepare
the data. A list of DEA Accredited Processors is available on the UK Statistics Authority
website.

15.2 Which processor service do you want to use to access the dara in a secure environment
provided by a DEA Accredited Processor. A list of DEA Accredited Processors is available
on the UK Statistics Authority website.

UKDS Secure Lab

16 Publications:

In order to access unpublished dala for research purposes, you must promise that your findings
will be made publicly available. Once published, you must nofify ONS Research Support about
where that publication can be found. Exemptions may only be granted in exceptional
circumstances with the approval of the Research Accreditation Panel.

Note: If you are applying for exploratory analysis, no publicalions are permitted.
16.7 Do you wish to apply for an exempifion from publishing your findings?

[ Yes £ No

If yes, skip 10 question 16.5.

16.2 How do you infend fo make your research available to the public?
1.2 October 2019 Page 10 of 12
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Results will be written up as a chapter in PhD thesis and for publication in a scientific

journal.

16.3 Which specific journals, websites or reports do you intend fo use to publish this research?

Health & Place; Demographic Research; or Journal of Epidemiology & Community

Health

16.4 What is your best estimate of the project publication date.

310772021

16.5 What, if any, are the circumstances that mean you need an exemption from making your
results publicly available?

16.6 Please indicate if you would be willing to work with ONS fo showcase the impact
of your research findings. Your response here will not affect whether your project

is accredited.

Yes [ | No [

Relevant information in the fields marked * will be published on our website as a
public record of all Accredited Researchers and their research projects.
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Data is at the heart of what we do, so it's important to us that your data is held and
used securely, responsibly and transparently. Read our privacy policy here.

Once completed, please return this application (and the UK Statistics Authority Data
Ethics self-assessment form if needed) by email to:
secure.applications@ukdataservice ac.uk
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Appendix C

¥ Office for
National Statistics

Microdata Release Panel
Research Project Application

1 Application Type:

2 Lead Researcher:

Full project application

[l Exploratory analysis

2.1 Personal details and contact information of lead researcher

Surname® Sturley

First Names™ Charlotte Elizabeth

Do you have an Accredited .
Researcher (AR) Number? | YeS [1| No I | AR Number:

2.2 If you do not have an Accredited Researcher Number, please complefe the foflowing

section.”

Institution or Organisation

Leeds Institute for Data Analytics, University of Leeds

Level 11 Worsley Building,

Full Address University of Leeds,
Leeds, LS2 9NL.

Telephone No

Email gyl6ces@leeds.ac.uk

Date of Birth 04/05/1988

Nationality British

3 Researcher Team:

3.1 If you are leading a research team, please provide the names and details of all
members of the team. Flease add more tables if required.

Surname® Downing
First Names™ Amy
ﬁﬂn‘f.{t::rgave ek Yes [] |No [ | AR Number

' To hecome an Accredited Researcher, please complete the Accredifed Researcher application form

hi;g. s:fiwww. ons.gov.ukfaboutusiwhatwedo/statistics/requestingstatistics/approvedresearcherscheme
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3.2 If the researcher does not have an Accredifed Researcher Number, please complefe

the following section.
Institution or Organisation | University of Leeds
Telephone No 0113 3430308
Email a.downing@leeds.ac.uk
Date of Birth
Nationality British
Surname* Norman
First Names* Paul
Hﬂ%ﬁ:gam AR Yes [ |[No [J | AR Number: ONSF20074
Surname” Morris
First Names* Michelle
D h AR
Nﬁ%g:ﬁam an Yes [] | No [ AR Number:
Institution or Organisation | University of Leeds
Telephone No 0113 3430883
Email m.morris(@leeds.ac.uk
Date of Birth
Nationality British

4 Research Sponsor:

4.1 Are you carrying out this project on behalf of a third party organisation?

[J Yes

Bd MNo

4.2 If you are working on behalf of a third party organisation, please provide the defails of

this organisation befow.

Sponsor

Institution or Organisation®

Relationship to Institution
or Organisation

Address
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Telephone No

Email

5 Title of the research proposal:*

Varations in bowel cancer survival by individual characteristics and area type.

Estimated duration of full research project:

Start Date: 01/05/2018 Publish Date: 31/08/2020

6 Research Theme:

Please select the theme below which best suits your research project.

(4 Births and Mortality [0 Migration

[] Business Change, e g. growth [] Personal and Household Finances
[0 Crime and Justice [0 Population

[] Economic Qutput and Productivity [] Sector Specific (please specify):
(] Education and Skills

(] Employment [ UK Ewnomy .

(4 Health, Social Care and Wellbeing  [[] OQther (please specify):

[] Labour Market

7 Abstract of the research proposal:*

Piease inciude a short description of the project and jis benefits, in no more than 100 words.

This project will utilise data from the ONS Longitudinal Study to carry out a statistical
analysis of variations in bowel cancer registrations and survival by individual
characteristics (age, sex, education, employment, social grade, etc.) and area type over
a long follow-up period. The analysis will compare bowel cancer registrations to the
general population. This updates previously published research using the ONS LS.
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8 Purpose of Research Proposal:

Please provide a detailed description of the purpose for which the data are requested, describing
the aims of the study/fresearch in no more than 500 words. Where research is part of a larger
programme please include details below.

Bowel cancer is the third most common cancer in both men and women in the UK and
overall is the second most common cause of cancer death. There are around 41,000
new cases of bowel cancer diagnosed in the UK each year and 16,000 deaths from the
disease (Cancer Research UK, 2017). Vanations in incidence and survival exist in
relation to age, sex, socio-economic status and ethnicity as well as between geographic
regions within the UK. This study aims to determine whether socio-economic factors are
involved in the incidence of and survival from bowel cancer.

Previous research using the ONS Longitudinal Study (LS) by Brown et al. (1998) found
the trend in socio-economic differentials in bowel cancer incidence was not consistent
over time. In the period 1986-90, incidence was highest among women in IV/V
(unskilled and semi-skilled manual occupations) and among men in social classes IlIN
and llIM (non- manual and manual skilled occupations). Using an earlier measure of
social class, higher incidence was found among women in the non-manual classes.
Continued research is therefore required to investigate whether the pattern of colorectal
cancer incidence is changing.

This study will update research by Brown et al. (1998) by utilising the latest data from
the ONS LS. The ONS LS links census and vital event information (including cancer
registrations) to the records of study members across successive censuses. Thus it
provides an ideal data source to investigate the relationship between socio-economic
position and cancer survival over a long follow-up period.

Registrations of bowel cancer among LS members will be examined by individual and
household measures of socio-economic position, including occupational social grade,
housing tenure, car ownership, educational level and employment status. Individual-
level indicators such as these are not routinely collected by healthcare providers so this
type of linkage is only possible through studies such as the ONS LS. In addition, area-
level indicators including area deprivation and gecdemographic classification will be
appended to LS members based on their place of residence. The characteristics of
bowel cancer sufferers will be compared to those of the general population. The length
of survival for bowel cancer sufferers by individual and area level indicators will be
estimated.

This study is part of a PhD project investigating social and spatial vanations in bowel
cancer incidence and survival. The PhD is funded by Cancer Research UK via the
Bowel Cancer Intelligence Unit at the University of Leeds. Further studies will explore
alternative data sources to obtain additional infermation about individuals with bowel
cancer. These include data from Public Health England relating to cancer registrations
and hospital admissions, lifestyle information from the UK Biobank and new forms of
data such as consumer and social media data. Measures of area type will be kept
consistent with those used in the analysis of the ONS LS.

References:

Brown, J., Harding, S., Bethune, A. & Rosato, M. (1998) Longitudinal study of socio-
economic differences in the incidence of stomach, colorectal and pancreatic cancers.
Population Trends 94: 35-41.
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9 Research Methodology:

Flease provide details of the research protocol or methodofogy (e.g. dafa linkage or matching,
web scraping efc) and how you intend te use the dafa, in no more than 500 words.

[ The ONS LS links cancer registrations and mortality data to the records of study

members via the National Health Service Central Register. Records will be extracted
for LS members with a diagnosis of colorectal cancer. As of April 2015 there were
14,000 unigue cases of colorectal cancer within the ONS LS. In addition, deprivation
scores and quintiles and area classification will be appended to the record of each LS
member based on their place of residence using a lookup table.

Descnptive stafistics will be produced detailing the number of bowel cancer cases and
split by measures of socio-economic status (social class, housing tenure, education
level etc.).

Logistic regression will be used (with death from colorectal cancer as the outcome of
interest) to quantify the probability of dying from bowel cancer by socio-economic
status and area type.

Survival analysis will be performed using the cox regression method (with time from
data of diagnosis of colorectal cancer to death from colorectal cancer the outcome of
interest). Hazard ratios will be calculated in order to compare the risk of death from
colorectal cancer by socio-economic status and area type.

In addition, the impact of changes in individual and/or household charactenstics and
area type over time on colorectal cancer survival will be investigated. For example, the
impact of social mobility (change in social class) and migration (change in
geographical area).

10 Data Required®:

10.1 Please provide the title(s) of the dataset{s)® and the releases required.

ONS Longitudinal Study

10.2 Flease expiain why access lo legally protecied dafa is needed. Please stalte what
other data sources have been considered and why they are not sufficient for your
PUrposes.

2 If the applicant requests access to ONS Longitudinal Study dafa sets or Civil Registration data sets
they must complete the appropriate supplementary forms on the ONS website.

3 If the applicant requests access to data within the Virtual Microdata Laboratory they should refer to
the VML Data Catalogue on the ONS website for this section.

hts

5:{fwww. ons. gov.ukfaboutusiwhatwedo/statistics/requestingstatistics/approvedresearcherscheme
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This study seeks to investigate vanations in cancer survival by individual socio-
economic status. Therefore individual-level data on LS members’ socio-economic
position is required.

The ONS LS is the only data source through which this cancer registration-survival
work is possible. Cancer registry data and hospital episodes statistics data do not
record detailed individual level data on the socio-economic characteristics of patients.
Alternative large survey data sources were considered. The UK Biobank links
individual participant records to national cancer registries, however, the follow-up
period is short compared with the ONS LS and there are many fewer cases of
colorectal cancer among Biobank participants. Furthermore, the UK Biobank has a
bias geography so the data set may not be representative of the general population of
the UK.

10.3 Does your project proposal inciude any matching of data sources as defined within
the applicafion guidance?

] Yes Kl Mo

If yes, please provide the following defails below:
= adescripfion of ithe dafa sources(s) to be maiched fo the ONS data;
* asummary of the key variables; and
= asummary of the matching methodology.

10.4 Does your project proposal include any linking of data sources as defined within the
application guidance?

B Yes O Neo

If yes, please provide the following details below:
= adescripfion of the data sources(s) to be matched fo the ONS data;
= asummary of the key variables;
= asummary of the matching methodology; and
= the justification for the linking.
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based on the LSOA of their place of
survival by area deprivation.

Townsend deprivation scores and guintiles are to be appended to each LS member

residence. This will enable analysis of cancer

11 Ethics:

Does your project require ethics approval from your Organisation, Institution or Sponsor?

0 Yes

IF yes, please give details of the applicafions,

1 No

atftaching any relevant documentation.

If no, your project may be considered by the ONS ethics commiftee prior to approval.

12 Public Good:

Please describe how your project meets the required benefit to public good, as outhined in section 3

of the Approved Researcher Scheme.

Public Benefit

How project will achieve public benefit

Provide an evidence base for public policy
decision-making

Provide an evidence hase for public service
delivery

The research will provide evidence of cancer
incidence and survival patterns for sub-groups of
the population which could inform demand for
cancer treatment services.

Provide an evidence base for decisions
which are likely to significantly benefit the
UK economy, society or quality of life of
people in the UK

To replicate, validate or challenge Official
Statistics

To replicate, validate or challenge existing
research

The study will update previously published
research on socio-economic vanations in the
incidence of colorectal cancer using the ONS LS
by Brown et al_ (1998).

To significantly extend understanding of
social or economic trends or events by
improving knowledge or challenging widely
accepted analyses
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To improve the quality, coverage or
presentation of existing statistical
information

13 Duration of access:
Fiease indicate how long access to data is likely fo be required.

Note: if applying for exploratory analysis, your access will granted for a maximum of 12 months
only.

From: 01/05/2018 To: 31/08/2020

14 Location of data access:

Piease state where you intend fo access the data for research (e.g. Secure Research Service
(SRS), Secure Lab elc).

Secure Research Service

15 Publications:

ONS expects that research undertaken through the Approved Researcher Scheme will be
published, other than in exceplional circumsiances.

Note: If applying for explorafory analysis, no publications are permitted.

15.1 Do you have excepfional circumstances which will prevent you from publishing the
resuits of your project once compieted?

[0 Yes £ No If yes, skip to question 15.6.

15.2 How will you make the results of your research available?

Results will be written up as a chapter in PhD thesis and for publication in a journal
paper.

15.3 Where do you plan to publish your analysis/resuits?

Page 8 of 0
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Peer-reviewed journal.

15.4 Please provide an estimated fimescale for publication.

Expected thesis submission 31/08/2020.

15.5 Please outline any intended future use for products {such as linked or matched data sets
or tools) produced as a resulf of the research, and how they will be accessed.

15.6 FPlease expiain the exceptional circumstances for not publishing your resuits once the
project is complefe. Please note that refusing fo publish your research outputs may result in a
rejection of your project application.

If the project is to be undertaken under the Approved Researcher scheme, then
relevant information in the fields marked * will be published on the ONS website as a
public record of all Accredited Researchers and their research projects.

Once completed, please return this application to ONS by email:
Research Support{@ons.qov.uk
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Appendix D

UK Colorectal Cancer Intelligence Hub, project reference: (for Hub use)

Protocol Title: Developing an area-based index of colorectal cancer
risk for England to investigate the association between
neighbourhood environment and colorectal cancer incidence

Short Title: Neighbourhood environment and CRC risk

Project reference: (for Hub use) 0059
Version number: 0.5 Date: 24/05/2021

Project Type:

X Select all that apply with an "X’
X Analysis

New data linkage

X Standard CORECT-R extract
New derived variable(s)
Commercial*

*If any pharmaceutical company, insurance company, or management consultancy is
involved please inform the Hub directly at CRCHub@lesds ac.uk

Principal investigator (PI)

MName

Charlotte Sturley
Institution

University of Leeds
Contact address

Leeds Institute for Data Analytics, University of Leeds L52 91T

Email address
gyO6ces@leeds.ac.uk

Telephone number

0113 34 30941

Co-investigators

Name Role within project Institution
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- CANICER
3 QESEARCH
JH

UK Colorectal Cancer Intelligence Hub, project reference: (for Hub use)

(such as clinical
oversight, data analysis,
patient representation,

etc)
Dr Amy Downing PhD supervision University of Leeds
Dr Michelle Morris | PhD supervision University of Leeds
Dr Paul Norman PhD supervision University of Leeds

Charlotte Sturley and Dr Amy Downing will need data access.

Funder: Cancer Research UK

Plain language summary of proposed work:

It is estimated that over 50% of bowel cancer cases in the UK can be prevented. Previous
research has tended to focus on individual behaviours which have been found to increase
the risk of developing bowel cancer. These include being overweight, smoking, lack of
exercise, drinking alcohol, lack of fibre in the diet, and eating processed meat. However,
rather than being lifestyle ‘choices’, these factors may be the result of socio-economic
factors, such as poverty or the environment. This project will take a local neighbourhood
approach and look for links between the local area and the rate of bowel cancer. Factors
such as the number of fast food outlets, health services and access to green spaces will all
be considered. The aim is to produce an area-based index of bowel cancer risk to help
inform efforts to prevent the disease.

Patient and public involvement and engagement (PPIE):

The applicant has presented proposals from her PhD studies to the Bowel Cancer Intelligence
UK [BCI UK} Patient-Public Group (PPG) and they are very supportive of research aimed at
understanding how bowel cancer varies by location and circumstance; the PPG see the value
in identifying where cancer prevention and treatment can be improved. Preliminary findings
will be presented to the PPG and their input will be sought on the most effective ways of
disseminating the results

Background and rationale:

It is estimated that over 50% of colorectal cancer cases in the UK are preventable (Brown et
al. 2018) based on population exposure to maodifiable risk factors. The latest research
estimates that preventable cases could be as high as 67% of cases in men and 60% of cases in
women (Goon et al. 2021).

A number of risk factors are associated with colorectal cancer. The International Agency for

Research on Cancer and Weorld Cancer Research Fund classify the following factors as having
a ‘sufficient’ or ‘convincing’ evidence of a causal association with colorectal cancer risk:
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UK Colorectal Cancer Intelligence Hub, project reference: (for Hub use)

cigarette smoking, alcoholic drinks, body fatness/BMI, processed meat, insufficient dietary
fibre, and insufficient physical activity (IARC, WCRF, Lauby-Secretan et al. 2016).

Differences in the proportion of cancer cases attributed to modifiable risk factors have been
observed between countries in the UK (Brown et al,, Goon et al.) due to different prevalence
of exposure to risk factors. This in turn is affected by demographic differences, such as higher
levels of socio-economic deprivation, which drive differences in exposure to theoretically
avoidable lifestyle factors. Furthermore, many lifestyle ‘choices’ are driven by environmental
and socizal factors, such as food availability and pricing, and susceptibility to these factors
varies by socio-economic position (McGill et al. 2015).

While previous research has focused on individual-level exposure to modifiable cancer risk
factors, this study will investigate how the local ‘neighbourhood’ environment is associated
with exposure to these risk factors. The broader geographical determinants of health have
been considered within the health geography literature. The location of different types of
retail outlets is one area of interest. For example, research has shown a positive relationship
between the number of fast food outlets in an area and rates of childhood obesity (Fraser
and Edwards, 2010). Other studies have shown the density of alcohol-related outlets to be
associated with alcohol-related harms (Sherk et al. 2018) and tobacco outlets with risk of
smoking (Shortt, et al. 2016). Studies have also investigated the impact of the natural
environment on health. For example, accessibility to green space has been shown to be
positively associated with physical and mental wellbeing (Mitchell and Popham, 2008).

Research on the role of the neighbourhood environment and colorectal cancer risk is limited.
Studies examining neighbourhood-level factors have tend to include only socio-economic
status. A recent cohort study by Canchola et al. (2017) in the US investigated the association
between a set of neighbourhood obesogenic attributes (socio-economic status, population
density, restaurant and retail food environments, numbers of recreational facilities and
businesses, commute patterns, traffic density and street connectivity) and risk of CRC. A
modest association between higher traffic density and increased CRC risk was found, possibly
indicating a less walkable environment which could have a negative impact on physical
activity, but no other associations were observed. A similar study based on the same cohort
(Schetsov et al. 2020) found that changes over time in neighbourhood environment
attributes were associated with the risk of colorectal cancer. A recent ecological analysis by
Gibson et al. (2020} examined the relationship between the local food environment and
colorectal cancer incidence in Texas. Colorectal cancer incidence was not strongly associated
with census tracts with higher unhealthy food availability, but the study did not examine
other aspects of the built environment.

This study will investigate the relationship between the neighbourhood environment and CRC
incidence in a UK context. Neighbourhood environment attributes will be sourced from the
Access to Healthy Assets and Hazards (AHAH) index (open source data). It is important to
understand this relationship in order to prioritise and target interventions and policies to
reduce cancer incidence.
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UK Colorectal Cancer Intelligence Hub, project reference: (for Hub use)

Study aim:
1. Toinvestigate the association between the neighbourhood envirenment and CRC risk
in England.
2. Todevelop an area-based CRC risk index.

Study objectives

Objective | Description

1 Describe the study population by the characteristics of the local area in which
they reside.
2 Develop an area-based index at Lower Layer Super Output Area (LSOA) level

of environment attributes associated with CRC risk, encompassing
accessibility to health-related features in three domains: the retail
environment, health services, and the physical environment.

3 Examine the association between CRC incidence and the CRC risk index (and
sub-domains) at area (LSOA) level.
4 Maodel the relationship between the number of CRC cases per LSOA and the

CRC risk index (and sub-domains) adjusting for demographic and
socioeconomic characteristics of the areas.

Study design:
The study is a retrospective observational study using population-based data available from
the UK Colorectal Cancer Intelligence Hub's COloRECTal cancer data Repository (CORECT-R).

Methodology & data:

Data covering the period 1 January 2000 — 31 December 2018 will be requested from the
colorectal cancer data repository (CORECT-R) for all patients who have been diagnosed with
ICD10 C18-21. These data will include patient characteristics (age, sex, ethnic group) and
geographic information [{LSOA, rurality, area-based socio-economic status). SEE DATA SPEC.

Incidence rates will be derived by combining counts of colorectal cancers by sex and age-
band in each LSOA with population estimates for LSOAs from the Gffice for National Statistics
(ONS).

Additional variables will be appended to the CORECT-R data based on LSOA. LSOAs are a
small-area statistical geography (mean population 1500) routinely used by policy makers.
Neighbourhood attributes will be sourced from the Access to Healthy Assets and Hazards
(AHAH) index, an open source multi-dimensional index of the accessibility to health-related
features of the environment for LSOAs across Great Britain (Green et al. 2018). Indicators
identified as relevant to CRC risk in the literature will be selected across the AHAH index's
three domains of accessibility.

Retail Environment:
. Accessibility to fast food outlets (processed meat consumption)
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UK Colorectal Cancer Intelligence Hub, project reference: (for Hub use)

- Accessibility to off-licences (alcohelic drinks)
- Accessibility to tobacconists (cigarette smoking)

Health services:
. Accessibility to GP practices (diagnosis)
- Accessibility to leisure services (physical activity)

Environmental quality:
. Accessibility to green spaces (physical activity)

To meet objective 1 descriptive statistics will be calculated showing the number and
proportion of those with CRC in the England by patient characteristics (age, sex, ethnic group,
socio-economic status) and neighbourhood attributes (rurality, socio-economic status and
health-related environment features listed above). The neighbourhood attributes will be
categorised based on quintiles or deciles of their distribution across England.

To meet objective 2 variables from the AHAH index will be appended to the CORECT-R data
at LSOA level. The variables will be combined to create three domain scores (retail domain,

health domain and physical environment domain) as well as an overall index score using the
same methodology adopted by Green et al. (2018) to create the AHAH index.

To meet objective 3 Pearson’s correlation will be used to examine the association of CRC
incidence by area to the overall index and each domain score. A series of choropleth maps
will be produced to visualise the distribution of the risk index (and domains) for England.

Ta meet objective 4 Poisson regression models will be constructed to calculate the incidence
rate ratio for colorectal cancer by quartile of the overall index score and of each domain
sCore.

Project Timelines

The bulk of the analysis is likely to be completed within the next nine months but the end
date reflects the possibility of thesis corrections and analysis in support of journal
submissions.

Start date: May 2021 End date: December 2022

Intended outputs:

= Table(s) containing the area-based CRC risk index at LSOA level

s Table(s) of Pearson correlation coefficients of the risk index and domain scores to CRC
incidence

= Choropleth maps — one for each domain of the risk index and one for the overall
index

® Table(s) of incidence rate ratios of the risk index and domain scores

= The work will form a PhD chapter and associated journal article

s The work will be presented at health geography meetings/conferences
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UK Colorectal Cancer Intelligence Hub, project reference: (for Hub use)

Is there potential to identify outlier providers?
MNo

Ethics:

The project is covered by the Establishing a UK Colorectal Cancer Intelligence Hub Research
Ethics approval (18/5W/1034) granted by the South West — Central Bristol Research Ethics
Committee on the 1st June 2018.

References:
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Nelson-Aalen cumulative hazard estimates
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Nelson-Aalen cumulative hazard estimates
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Figure E.1 Log-log plots of probability of colorectal cancer registration by:
a) educational attainment; b) social class; c) housing tenure; d) area
deprivation (Data source: ONS LS)
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Nelson-Aalen cumulative hazard estimates
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Figure E.2 Log-log plots for probability of death from all-causes by: a)
educational attainment; b) social class; ¢) housing tenure; d) area
deprivation (Data source: ONS LS)
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Nelson-Aalen cumulative hazard estimates
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Figure E.3 Log-log plots for probability of colorectal cancer death by: a)
educational attainment; b) social class; ¢) housing tenure; d) area
deprivation (Data source: ONS LS)



