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Abstract

Gastrointestinal tract cancers are some of the highest incidence cancers globally. However,
certain subtypes such oesophageal cancer have poor prognosis, as patients often present in
advanced stages of disease, limiting curative options. Earlier identification of potentially
high-risk individuals would lead to improved outcomes. This has become especially
important in the aftermath of the COVID-19 pandemic, which caused widespread disruption

of healthcare systems and led to disruption of patient referral pathways.

In this thesis, | firstly examined risk factors which could lead to the development of
gastrointestinal cancers. | also performed a systematic review and meta-analysis, focussing

the role of gastro-oesophageal reflux in the development of oesophageal cancer.

Next, | used routine health data to assess the impact of the pandemic gastroenterology
services both within a single hospital trust and nationally. | collated data on the actual
number of endoscopic procedures performed during the first wave of the pandemic in
England, demonstrating a precipitous drop before a prolonged recovery. Furthermore, |
calculated a projected backlog of endoscopic procedures and use modelling techniques to

estimate when the backlog may be cleared under different recovery scenarios.

| then sought to develop solutions to overcome the backlog. Using machine learning, |
created a model which predicts the presence of oesophageal and gastric cancer, based on
patient questionnaire data. | added epigenetic data derived from paired saliva samples to
assess for improvements in model performance. Moreover, using primary care data |
evaluated the use of faecal immunochemical testing (FIT) in triaging suspected colorectal

cancer referrals, including the role for duplicate measurements.

Finally, | also examined the wider effects of the pandemic, including psychosocial effects

within a religious worship context.
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In conclusion, this thesis analyses the impact of the COVID-19 pandemic on gastroenterology

services, with a focus on endoscopy, and offers solutions to overcome its aftereffects.
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Impact Statement

My PhD coincided with the early phase of the COVID-19 pandemic, where | adapted to a
rapidly changing research environment. Research questions surrounding COVID-19 and its
wider effects suddenly became the priority with early dissemination of results required due
to the public health emergency, most exemplified by the use of pre-print servers.! Likewise,
my thesis title has been adapted as a result of the prioritisation of COVID-19 related research,

but | believe this has further increased the impact of my work.
Inside Academia

| have published research arising from my thesis in peer-reviewed journals. The greatest
impact was my work in predicting endoscopic backlogs in England as a result of the COVID-
19 pandemic. This was published in The Lancet Gastroenterology & Hepatology, a leading
subject journal and has a current impact factor of 35.7.% As of October 2024, the article has
had 55 citations. | have also had 3 further first authored/co-first authored journal articles
published in peer-reviewed journals related to the thesis. In addition, | have had involvement

with 5 further peer-reviewed journal articles as first author or co-author.

| have also been active in presenting my research findings at national and international
conferences. In particular, | presented my work on developing machine learning models to
triage 2-week wait upper gastrointestinal referrals at the British Society of Gastroenterology
Annual Meeting in 2022, as an oral presentation at the oesophageal parallel session. | was
also awarded the “Best Oesophageal Oral Presentation” prize at the conference. In addition,
I have also published an online calculator which could be openly used by anyone for triaging
2-week wait upper gastrointestinal referrals, giving immediate feedback to the user

regarding the likelihood of upper gastrointestinal cancer in percentage terms.

Outside Academia
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My work on both predicting endoscopic backlogs was picked up by the UCL media office and
ran as an exclusive story in the i newspaper, which has an average circulation of 126,000
copies per day. The article was also featured on the i newspaper website. In addition, several
organisations such as DATA-CAN, part of Health Data Research UK, UCL and Bowel Cancer
UK also issued press releases highlighting the size of the backlog and the potential impact on
cancer diagnostic pathways. Such publicity could have raised the profile of my findings and

led to changes in health policy and plans for recovery of diagnostic services.

Furthermore, | was also involved with public engagement with my work on looking at face
mask acceptability in religious worship, which was done as part of the CONFESS (COvid aNd
FacE maSkS) study. Participants in the CONFESS study were invited to a webinar where they
heard me present some of the preliminary results. In addition, the event also saw the launch
of a website where participants had access to study data and were invited to discover insights
for themselves. The research team received positive verbal feedback from webinar
participants. Similar eventsin the future could lead to improved satisfaction and engagement

with research studies, especially if serial follow up by participants may be required.
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In this chapter | will highlight the global burden of gastrointestinal cancers, and also provide

an overview of how COVID-19 has disrupted healthcare services.

1.1 The Global Burden of Gastrointestinal Cancers

Cancers affecting the gastrointestinal tract represent a significant disease burden globally. In
2018, there were an estimated 4.8 million cases of gastrointestinal cancers, leading to 3.4
million deaths.!” This accounted for 26% of all global cancers and 35% of all cancer related
deaths.' It has been predicted by the year 2040 new cases and deaths from gastrointestinal

cancers are projected to increase by 58% and 73% respectively.'’

In the United Kingdom, they feature prominently in the 20 most common cancers. These
include colorectal cancer (4" commonest), oesophageal cancer (14" commonest) and gastric
(17" commonest).® These cancers are further associated with significant morbidity and
mortality; over half of all colorectal cancers are diagnosed at a late stage, while oesophageal
and gastric cancers are associated with a 5-year survival rate of 12% and 17% respectively.'®
While over the last decade annual incidence rates of oesophageal and colorectal cancers
have remained stable, gastric cancers have risen by 29%.8 These headline statistics suggest
that there can still be improvements in both the early detection and diagnosis of such
cancers, which could lead to improvements in patient survival and quality of life. Importantly,
more than half of all gastrointestinal cancers are caused by modifiable risk factors such as
alcohol and tobacco use.’ This therefore means primary prevention measures, such as
introducing governmental policy to reduce alcohol and tobacco use, must be part of any

strategy to reduce the burden of gastrointestinal cancers.’
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Finally, although the definition for gastrointestinal cancers can also include solid organ
cancers such as liver, gall bladder and pancreas, | will predominantly focus on the major

luminal cancers, i.e. oesophageal, gastric and colorectal in this thesis.

1.2 Oesophageal Cancer

Globally, there are approximately 473,000 new cases and 436,000 deaths related to
oesophageal cancer per year.’ There are two major histological subtypes of oesophageal
cancer: adenocarcinoma (OAC), which is most common in the Western hemisphere, and
squamous cell carcinoma (OSCC), which is prevalent in Africa, Central and South-East
Asia.’®?% Worldwide, 90-95% of oesophageal cancer cases are squamous cell.}”?° Although
both subtypes show a male predominance, this is greater for OAC, with a 4.4:1 male: female
ratio, compared to 2.7:1 for OSCC.2° While most Asian countries have noted decreasing
incidence trends, there have been increasing trends in historically low-risk populations such

as in the United Kingdom and in people of white ethnicity in the United States of America.’”

1.2.1 Oesophageal Adenocarcinoma (OAC)

OAC is thought to arise from chronic gastro-oesophageal reflux disease (GORD), where acid
from stomach travels up the oesophagus.?! This leads to the development of Barrett’s
Oesophagus (BO), where the oesophageal lining undergoes an intestinal metaplastic (IM)
process and squamous cells are replaced by mucus secreting columnar cells.?>?* The
presence of BO leads to a 30-40 fold increase in the risk of OAC, with an annual incidence
rate of 0.1% to 2.9% in the development of oesophageal adenocarcinoma.???* It is estimated
that the prevalence of BO is 1.6-6.8% of people worldwide.?* The risk of progression of BO to
oesophageal adenocarcinoma increases with both length of segment as well as the presence
of dysplasia.?’ Thus, the diagnosis of BO requires both endoscopic evaluation and histological

confirmation.
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There are many risk factors which predispose both to the development of BO and OAC. These
include male sex, older age, White Caucasian ethnicity, obesity, GORD and smoking which
have been found to be most consistent in showing causality.?>?* In addition, there is a familial

form of BO which accounts for approximately 10% of cases.?®

Other risk factors include Helicobacter pylori infection, which has an inverse correlation with
BO and OAC. A meta-analysis demonstrated that H. pylori infection was protective in the
development of BO, with an odds ratio (OR) of 0.46 (95% Cl: 0.35-0.60), based primarily on
four studies which had minimal selection and information biases.?”’ In addition, H. pylori
infection was inversely associated with a GORD diagnosis.?® This inverse association was also
confirmed for OAC but not for OSCC (OR=0.57, 95% Cl: 0.44-0.73).% Other factors including
non-steroidal anti-inflammatory drugs (NSAID) use and a diet rich in fruits and vegetables
have been found to be protective in the development of BO and OAC.?* In contrast, a diet
rich in trans-fats and red meat has been found to be associated with the development of BO

and OAC.?* Table 1-1 summarises risk factors for BO and OAC.

Risk Factor Barrett’s Oesophagus Oesophageal Adenocarcinoma
Age + +
Sex + (Male) + (Male)
Ethnicity White Caucasian White Caucasian
GORD + +
H. pylori infection - -
Smoking + +
Alcohol Use None None
Obesity + +
Diet + (Red Meat/Trans-Fats) + (Red Meat/Trans-Fats)
- (Fruits and Vegetables) - (Fruits and Vegetables)
- Omega 3 Fatty Acids, - Vitamin A, Beta-Carotene
Vitamin E
Drugs + (NSAIDS) + (NSAIDS)

Table 1-1: Summary of risk factors associated with Barrett’s oesophagus (BO) and
oesophageal adenocarcinoma (OAC).

+: positive association, -: negative association. Table adapted from Schneider et al.?*

Psychosocial factors have also been associated with the development of OAC. A Swedish
study found lower socio-economic status, as defined by occupation, was associated with a
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3.7-fold increase (95% Cl: 1.7-7.7) in developing OAC when adjusted for age and sex
respectively when compared to professionals.3* However, when adjusted for smoking, body
mass index (BMI) and GORD symptoms this was no longer statistically significant.®° In
addition, a shorter duration of living with a partner (<1 year compared to >31 years) was
associated with a 2.3-fold increase (95% Cl: 1.2-4.5) in developing OAC, even when adjusted

for smoking, BMI and GORD symptoms.*

1.2.2 Oesophageal Squamous Cell Carcinoma (OSCC)

Oesophageal squamous cell carcinoma (OSCC) is the dominant histological subtype of
oesophageal cancer found globally, representing 90% of incident cases.3! In contrast to OAC,
the highest incidence is found in Asia and Africa in two distinct geographical regions: the first
is the “oesophagea” which stretches from Turkey, through Iran, Central Asia and into
northern and central China. The second is the “oesophageal cancer corridor” which stretches
from Ethiopia to South Africa.t’3? A further hotspot is found in South America near
Uruguay.3! Notably however, there can be huge variations in OSCC incidence within the same

country, notably in China and Iran.3!

OSCC is thought to develop from the oesophageal mucosa coming in direct contact with
carcinogenic compounds.?! Mechanical injury can occur with known risk factors such as hot
beverages and radiotherapy.?! Other risk factors attributable to OSCC development include
increasing age, alcohol use, tobacco use, high temperature beverages and also family
history.19313334 The risk associated with tobacco use appears to be from all forms of tobacco
including cigarette, pipe, cigar smoking and chewing tobacco.?? The risk associated with
alcohol appears to vary depending on population but may vary between 1.6-fold to 5.3-fold
between studies in high prevalence countries.3%* However, in lower incidence countries

such as the USA, there appeared to be a pronounced risk for alcohol, with one study
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demonstrating a 16.9-fold increase (95% Cl: 10.1-28.1) in high compared to low alcohol

consumers.3%3® Table 1-2 summarises risk factors for OSCC.

Risk Factor Oesophageal Squamous Cell Carcinoma
Age +
Smoking +
Alcohol Use +
Obesity -
Diet + (Hot Beverages)
+ (Red Meat)
- (Fruits and Vegetables)
Achalasia +

Table 1-2: Summary of risk factors associated with oesophageal squamous cell carcinoma
(O0sccq).

+: positive association, -: negative association. Table adapted from Abnet et al. and Lagergren
et al. 231

There is limited evidence of the role of GORD in the development of OSCC: two small case-
control studies have linked squamous cell carcinoma with non-acid gastro-oesophageal
reflux disease diagnosed during multichannel impedance, although these were single centre
studies, conducted in South Africa and Japan respectively.3”*® Gastric atrophy has also been
associated with OSCC; It has been postulated that non-acid gastro-oesophageal reflux could
be the missing link in this causation. 3%%° This link will be assessed in further detail in Chapter

3: Literature Review of Gastro-Oesophageal Reflux as a Risk Factor for Oesophageal Cancer.

Wider sociodemographic factors may also play a role in the development of OSCC. A study
based in Kashmir, India found that people working in farming had a 3.70-fold increase
(95%Cl: 1.56-9.09) in developing OSCC. However, once this was adjusted for a number of
variables including age, ethnicity and education this was no longer statistically significant.*!
A case-control study based in Iran demonstrated even after adjustment for factors including
tobacco and alcohol use, risks of OSCC were increased in people with no formal education
compared to middle school or higher (OR=5.00, 95% Cl: 1.54-16.7) and also in people who

were widowed/divorced compared to being married (OR=2.44, 95% Cl: 1.59-3.70).%?
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1.3 Gastric Cancer

In 2018 there were more than 1 million new incident cases of gastric cancer globally with
nearly 800,000 deaths.’” It is the fifth most commonly diagnosed cancer worldwide.*
Countries with the highest incidence rates include South Korea, Mongolia and Japan, with up
to 22 cases per 100,000 person years.!” It is twice as common in males compared to

females.”*

Established risk factors include chronic Helicobacter pylori infection, which it is the strongest
risk factor known for the development of gastric cancer.* This contrasts with OAC where it
is instead a protective factor. H pylori infection leads to chronic inflammation, with the
gastric mucosa progressing into atrophic gastritis and intestinal metaplasia, before
eventually developing into cancer.”® Other known risk factors include increasing age,
smoking, alcohol use, gastric surgery and pernicious anaemia.*® 10% of gastric cancer cases
also occur with known family history including hereditary syndromes.*® Risk factors are

summarised in Table 1-3.

Risk Factor Gastric Cancer
Age +
Sex + (Male)
Smoking +
Alcohol Use +
Pernicious Anaemia +
Previous Gastric Surgery +
Diet + Salty Foods
- Fruits and Vegetables
Family History +

Table 1-3: Summary of risk factors associated with gastric cancer.

+: positive association, -: negative association. Table adapted from Smyth et al.** NSAID =
non-steroidal anti-inflammatory drugs

1.4 Colorectal Cancer

Colorectal cancer represented 1 in 10 cancer cases and deaths worldwide in 2018, with 1.8

million cases and 881,000 deaths. It is the second most common malignancy in females and
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third most common in males.** The highest incidence globally was found in Australasia,

t.1” Colorectal cancer remains more common in

whereas South Central Asia had the lowes
developed countries, with a higher incidence compared to less developed countries, and the

transition to increasing incidence over time can be attributed to societal and economic

development.?

Most colorectal cancers arise from a polyp, where over a course of 10-15 years an aberrant
crypt develops into a polyp and progresses into cancer.* 70-90% of colorectal cancers
develop from the adenoma-carcinoma pathway, while 10-20% develop from the serrated
neoplasia pathway and 2-7% from microsatellite instability.*> Each pathway is defined by
specific genetic changes, such as APC gene mutation (adenoma-carcinoma pathway), KRAS
and BRAF gene mutations (serrated neoplasia pathway) and mismatch repair genes

(microsatellite instability).*

Similar to oesophageal and gastric cancers, modifiable and non-modifiable risk factors play
a role in the development of colorectal cancer.”® Established non-modifiable risk factors
include increasing age, male sex, family history and hereditary colorectal cancer syndromes,
such as familial adenomatous polyposis (FAP) and hereditary non-polyposis colorectal cancer

(HNPCC), also known as Lynch Syndrome.*

Modifiable risk factors include a diet high in processed and red meats, smoking alcohol use
and also obesity and a sedentary lifestyle, which are all associated with an increased risk of
colorectal cancer.' In addition, type 2 diabetes mellitus has also been independently
associated with an increase in risk, even after adjusting for potential confounding risk factors
such as age and obesity.* In contrast, a diet with whole grains, fibre, dairy and tree nuts
reduces the risk of developing colorectal cancer, as does calcium and vitamin D

supplementation.*” In addition, low dose aspirin and non-steroidal anti-inflammatory drugs
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(NSAIDs) have also been found to reduce the risk of colorectal cancer.*® These risk factors

are summarised in Table 1-4.

Risk Factor Colorectal Cancer

Age +

Sex + (Male)

Smoking +

Alcohol Use +

Diet + Processed Meat, Red Meat

- Whole Grains, Dairy, Fibre, Fish, Tree
Nuts, Calcium, Vitamin D, Folate, Fruits and

Vegetables
Family History + (including Hereditary Cancer Syndromes)
HPV Infection + (Anal Cancer)
Obesity +
Lifestyle + Physical Activity
- Sedentary Lifestyle
Medical conditions + Type 2 Diabetes, Inflammatory Bowel
Disease
Medication - NSAID and Aspirin Use

Table 1-4: Summary of risk factors associated with colorectal cancer.

+: positive association, -: negative association. Table adapted from Dekker et al and Song et
al.***” HPV = human papilloma virus. NSAID= non-steroidal anti-inflammatory drugs

1.5 Diagnosis and Treatment of Gastrointestinal Cancers

The mainstay for investigation for gastrointestinal cancers is through endoscopy. Patients
undergo either oesophagogastroduodenoscopy (OGD) or colonoscopy for optical and
histological diagnosis of upper and lower gastrointestinal cancers respectively.?%
Endoscopic ultrasound (EUS) may be helpful in determining depth of invasion.*® Computed
tomography (CT) of the neck, chest, abdomen and pelvis or a whole body positron emission

tomography CT (PET-CT) scan are subsequently used to determine the presence of

metastasis.?*

All patients have their cancer staged, often using the Union for International Cancer Control’s
TNM (tumour, node, metastasis) system.?! Furthermore, gastro-oesophageal junction (GO))
cancers and colorectal cancers are additionally staged using the Siewert classification and

the Dukes’ classification respectively.?4

Page 56 of 287



Chapter 1: Introduction

Management of patients with suspected or confirmed gastrointestinal cancer is usually done
through a multidisciplinary approach.?! Potential treatment options for early oesophageal
and gastric lesions include endoscopic based techniques such as radiofrequency ablation
(RFA), endoscopic musical resection (EMR) and endoscopic submucosal dissection
(ESD).244345  More advanced lesions usually either chemotherapy, biologics,
chemoradiotherapy or surgery, whether singly or in combination to achieve curative
intent.?*> Unfortunately most patients diagnosed with either oesophageal cancer or gastric
cancer have overall poor prognosis due to late diagnosis or recurrence. Such patients may
benefit from palliative treatment, which may be for managing local complications such as
oesophageal invasion with oesophageal stenting, or managing overall symptoms such as pain

and nausea.?** A summary of possible treatment options is shown in Table 1-5.
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Perioperative
chemotherapy + surgery

Cancer Curative Treatment Palliative Treatment
Options Options
Oesophageal Endoscopic therapy (RFA, Endoscopic therapy
Adenocarcinoma EMR, ESD) (stenting)
Neoadjuvant chemotherapy | Chemotherapy
or chemoradiotherapy + Chemoradiotherapy
surgery Immunotherapy

Perioperative
chemotherapy + surgery

Immunotherapy
Oesophageal Squamous Endoscopic therapy (RFA, Endoscopic therapy
Cell Carcinoma EMR, ESD) (stenting)
Chemoradiotherapy +/- Chemotherapy
surgery Chemoradiotherapy
Neoadjuvant chemotherapy | Immunotherapy
+ surgery
Immunotherapy
Gastric Cancer Endoscopic therapy (EMR, Endoscopic therapy
ESD) (stenting)
Neoadjuvant chemotherapy | Chemotherapy
or chemoradiotherapy + Chemoradiotherapy
surgery Immunotherapy

Neoadjuvant chemotherapy
or chemoradiotherapy +
surgery

Chemotherapy +/- biologics
Immunotherapy

Immunotherapy
Colorectal Cancer Endoscopic therapy (EMR, Endoscopic therapy
ESD) (stenting)
Surgery Chemotherapy+/- biologics

Chemoradiotherapy
Immunotherapy

Table 1-5: Summary of treatment options available for different types of gastrointestinal
cancers.

RFA= radiofrequency ablation, EMR = endoscopic mucosal dissection, ESD = endoscopic
submucosal dissection. Adapted from Lagergren et al., Smyth et al. and Dekker et al.?%434

1.6 Early Detection of Gastrointestinal Cancers

There are two major approaches for early detection of gastrointestinal cancers. Firstly,
asymptomatic individuals or high-risk individuals could be invited for screening programmes,
such as the national Bowel Cancer Screening Programme (BCSP) in the UK.* Secondly, a test
could be applied to symptomatic individuals to reduce the time taken between presentation

and diagnosis of cancer.* There has been increasing interest in early detection programmes,
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including funding and initiatives through UK Research and Innovation (UKRI), although it has
been acknowledged the current research within the field of early detection of cancer is

fragmented and faces multiple barriers in translation to clinical use.>®

1.6.1 National Screening Programmes

Bowel cancer screening was first introduced in the UK in 2006 and this has led to a fall in the
incidence of colorectal cancer in the eligible population, with decreases most pronounced in
distal tumour incidence between 2011 and 2014.5! Currently bowel cancer screening is
offered every 2 years in England to adults aged between 50 and 74.>2 There are some
differences in age thresholds in Scotland, Wales and Northern Ireland.>® The first line test is
the faecal immunochemical test (FIT), which is completed by patients at home. Patients
testing above the threshold of 120 pug Hb/g are offered a screening colonoscopy on a
dedicated screening list.>** Historically, there was a second national screening programme
called BowelScope, which ran between 2013-2021 in England. A one off flexible
sigmoidoscopy was offered for people aged 55.°*° Both programmes have been attributed
to a stage shift in colorectal cancer diagnosis, with cancers diagnosed earlier.>®> However,
there remains suboptimal uptake of the national BCSP, particularly in areas with increased
deprivation or ethnic diversity.>” Overall eligible uptake of colonoscopy was recorded at 79%
and uptake for the guaiac faecal occult blood test (gFOBT), the predecessor for FIT, was

recorded at around 58%.>3

In contrast, there is no screening programme at present in the UK for upper gastrointestinal
cancers. Current guidelines from the British Society of Gastroenterology (BSG) state however
that it is not ‘feasible’ or ‘justified’ to screen for BO or oesophageal cancer in unselected

patients with GORD.%®

Page 59 of 287



Chapter 1: Introduction

1.6.2 Targeted Surveillance Programmes

Latest BSG guidelines recommend upper Gl endoscopy surveillance for patients with a
greater than 3cm of BO every 2-3 years.>® In addition, the BSG also recommends patients
with extensive gastric atrophy or gastric intestinal metaplasia, defined as being present in
the body and the antrum, to undergo endoscopic surveillance every 3 years.>® Patients with
inflammatory bowel disease (IBD) or inherited cancer syndromes likewise are recommended
to undergo regular surveillance colonoscopy. Surveillance intervals can be as frequent as

annually in patients with primary sclerosing cholangitis or polyposis syndromes.5%6!

1.7 The Clinical Problem

As discussed earlier gastrointestinal cancers represent a significant healthcare burden
worldwide. In particular, the poor survival for gastric and oesophageal cancers suggest that
a significant majority of cancers are diagnosed late. In addition, the current gold standard
test for both investigation and surveillance is an OGD. Not only is this invasive for patients,
but also requires them to take time off to attend hospital. Moreover, endoscopy is expensive
to deliver, requiring numerous healthcare professionals and specialised equipment. A
previous analysis in 2009 suggested that it would cost over $80,000 US dollars to detect a
case of cancer in a population with dyspeptic but non-alarm symptoms.®? Furthermore, the
vast majority of endoscopies performed ultimately do not find significant pathology. As an
example, in a series of over 2,700 primary care outpatients who met diagnostic criteria for
dyspepsia but lacked alarm features such as dysphagia, only 23% of patients had what was
defined as significant benign endoscopic abnormality, which included oesophageal, gastric
or duodenal lesions or ulcers. Only 6 patients (0.2%) were found to have cancer.®? Although
there is a national bowel cancer screening programme, uptake among the general public
remains an issue, so there also needs to be a robust referral pathway to ensure patients who

do not engage with screening or fall outside of eligibility are also investigated expeditiously.
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In addition, even within symptomatic individuals there are additional sources of delays in
patient care. This includes delays from symptoms to primary care consultation (patient
related delays), delays from primary care consultation to referral (primary care related
delays) and also delays from referral to consultation or consultation to diagnostic test
(secondary care related delays).®® Patient related delays appeared to have the largest effect,
suggesting the need for improving patient awareness of symptoms. However, novel
diagnostic strategies could have a role especially for patients with less specific symptoms and
improving selection of patients for further investigation.®® Furthermore, oesophageal cancer
often only is symptomatic when it is locally advanced, with dysphagia only becoming
apparent when it has invaded around two-thirds of the oesophageal circumference.®*
Similarly, gastric cancer often presents with non-specific symptoms such as dyspepsia,
anorexia or early satiety. However, if symptoms are present at the time of diagnosis, often
this has become locally advanced and is incurable.*® In addition, pre-cancerous lesions such
as Barrett’s oesophagus and gastric intestinal metaplasia are asymptomatic hence there are

challenges with early detection of patients based purely on symptomatology.?%°°

The ideal scenario would be for individuals who present with symptoms to firstly be
identified using non-invasive means. This could be in completing a questionnaire or obtaining
a body tissue or fluid sample from a site which may be more tolerable for patients. Patients
could then be referred to further investigations, which should yield an overall higher
percentage of finding significant pathology. However, a reasonable balance must be struck.
Applying methods for early detection of cancer too liberally will lead to overdiagnosis,
defined as when a cancer is detected which would otherwise not have been clinically
apparent in a person’s lifetime, and thus create unnecessary anxiety.* Treatment of
overdiagnosed cancers also would not offer any overall survival benefit, despite the burdens

of undergoing oncological treatments.*
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Furthermore, the COVID-19 pandemic has led to significant problems in the delivery of
routine healthcare. Backlogs of cases have built up across many medical specialties, leading
to rising waiting lists.?®®” Improved management of referrals with prioritisation of more high
risk could form part of a strategy to overcome backlogs while minimising adverse patient

outcomes.

1.8 Potential Strategies to Reduce Gl Cancer Burden
A number of interventions could be employed to potentially reduce Gl cancer burden

further, either in a general population or targeted in susceptible individuals.

1.8.1 Public Health Measures

Modifiable Risk Factors

Up to 45% of cancer related deaths are related to modifiable risk factors.®® These include
tobacco use, obesity, alcohol and oncogenic infections, such as Helicobacter pylori. A number
of measures have been implemented to target tobacco use, such as taxation, use of plain
packaging and addition of graphic health warnings.®® Minimum pricing for alcohol has also
been introduced in Scotland and Wales; there is evidence to suggest that this is effective in
improving health outcomes such as reduction in deaths and hospitalisations related to
alcohol consumption.® It has been proposed that a screen and treat strategy for Helicobacter

pylori could be applied in Europe to reduce the incidence of gastric cancer.”

Raising Awareness in Patients

Public health information campaigns have been used to raise the profile of cancer with the
UK. These include the “Be Clear on Cancer” campaign which ran between 2011 to 2018.*
This encouraged patients to approach their GP with cancer red flag symptoms such as

dysphagia and per-rectal bleeding.
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Population Screening

Apart from the established bowel cancer screening programme for lower Gl cancers,
population screening for upper Gl cancers could also be introduced. Currently, there is no
population screening programme in existence in Europe.”” Worldwide, Japan and South
Korea both offer national screening programmes for gastric cancer.”> Most gastric cancers
develop from pre-cancerous lesions. These include gastric mucosal atrophy, intestinal
metaplasia and dysplasia.”® Consequently, upper Gl endoscopy would be the only modality
which would ensure appropriate risk stratification of pre-cancerous lesions and subsequent

earlier detection of dysplastic lesions which would have more curative options available.”

1.8.2 Healthcare Measures

Measures to improve delivery of healthcare for patients diagnosed with gastrointestinal
cancers can also be introduced to improve overall outcomes for patients. This includes
raising awareness in healthcare professionals, especially within primary care, as less than
half may be aware of new changes in guidance, and even fewer may be using it to guide
referrals.”® Furthermore, fast track pathways, such as the 2-week wait pathway (2ww) ensure
timely referral, prompt investigations within secondary care and help to reduce diagnostic
delays.” Finally, although beyond the scope of this thesis, cancer treatment advances such
as in immunotherapy, radiotherapy and chemotherapy show potenial in improving patient

outcomes.”>’®

1.9 Chapter Summary

In this chapter | have presented the risk factors for the development of oesophageal, gastric
and colorectal cancers. | have also discussed about the diagnosis and treatment of these
cancers. In addition, | have highlighted some of issues around early detection of cancers,
which has become an acute issue due to COVID-19 pandemic related backlogs, and other

potential strategies to improve detection and treatment of cancers. Over the coming
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chapters, | will define the effect of the pandemic within gastroenterology and assess how

backlogs could be tackled.
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Chapter 2: Thesis Aims and Objectives

This chapter will outline the aims and objectives of my thesis.

2.1  Chapter Introduction

When | embarked on my PhD back in September 2019 the initial aim was to use large scale
datasets to identify patients at risk of development of upper gastrointestinal (UGI) cancers,
and to develop a clinical tool which could be used to identify such patients. The emergence
of COVID-19 in early 2020 led to significant disruption in all facets of life, but it also presented
new opportunities and directions for research. As a result, COVID-19 related themes feature

prominently within this thesis.

2.2  Aims and Objectives

In my PhD | aim to

e Identify known risk factors in the development of gastrointestinal cancers, focussing
on oesophageal cancer and incorporating a meta-analysis (Chapter 1: Introduction
and Chapter 3: Literature Review of Gastro-Oesophageal Reflux as a Risk Factor for
Oesophageal Cancer). In particular, | investigate the association between gastro-
oesophageal reflux disease (GORD) and the development of oesophageal squamous
cell carcinoma (OSCC), which is the predominant subtype worldwide.

e Introduce the datasets that are used in this thesis and how they were prepared for
analysis (Chapter 4:Datasets and Data Curation). | introduce both routine and
bespoke datasets used in my thesis and discuss some of the drawbacks of each
dataset.

e Highlight the effect of the COVID-19 pandemic on gastroenterology services and
discuss mitigation measures to help overcome backlogs (Chapter 5: Effect of COVID-

19 on Gastrointestinal Services). | use both local and national data to demonstrate
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2.3

its effects and perform predictive modelling to estimate a national backlog of
endoscopic procedures.

Use machine learning to create both a questionnaire and salivary epigenetic based
tool which could be used to triage patients at high risk for upper gastrointestinal
(UGI) cancer for endoscopy (Chapter 6: Creating a Risk Prediction Model). | compare
different machine learning methods to select the best performing model, then
create an online calculator which can estimate an individual’s risk for UGI cancer.
Discuss the use of faecal immunochemical testing (FIT) in the triaging of lower Gl
referrals (Chapter 7: Faecal Immunochemical Testing for Triaging Lower
Gastrointestinal Referrals). In particular, | focus on the use of a duplicate FIT testing
strategy using primary care data to assess if it would outperform using a single FIT
result and improve the overall sensitivity of the test.

Highlight some of the wider societal impacts which the COVID-19 pandemic has had
(Chapter 8: Societal Impacts of COVID-19 Pandemic). | focus especially on worship
within a religious setting and how government rules enforced at the time impacted
on the experience of worshippers.

Discuss the implications of evidence and future work (Chapter 9: Discussion). This is
especially relevant given the increasing role of artificial intelligence in healthcare and

specifically raises ethical questions on regulation and clinical responsibility.

Chapter Summary

In this chapter | have outlined the main aims and objectives of my thesis. Principally this

includes describing the impact of the COVID-19 pandemic on gastrointestinal services and

possible mitigation measures to minimise its effects on patient care.
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Chapter 3: Literature Review of Gastro-Oesophageal Reflux as

a Risk Factor for Oesophageal Cancer

In this chapter | will outline established risk factors for the development of gastrointestinal
cancers. In particular, | will focus on the association between gastro-oesophageal reflux
disease and the development of oesophageal cancer, for which | performed a systematic

review and meta-analysis of published literature up to July 2022.

3.1 Chapter Introduction

Gastrointestinal cancers can be split into solid organ cancers affecting the liver and pancreas
as well as those affecting the digestive tract, termed luminal cancers. The ligament of Treitz,
marking the junction between the duodenum and the jejunum has traditionally been used

to separate between the upper and lower gastrointestinal tract.””

This chapter will focus on
luminal cancers and so will primarily discuss risk factors for these cancers, with a more in-

depth look at the relationship between gastro-oesophageal reflux disease (GORD) and the

development of oesophageal cancer.

3.2  Systematic Review and Meta-Analysis of Gastro-Oesophageal Reflux
and Development of Oesophageal Cancer

3.2.1 Introduction

Gastro-oesophageal reflux occurs when there is retrograde movement of stomach contents
back into the oesophagus. This is defined as GORD when this is so frequent as to cause either
“troublesome symptoms and/or complications.”’®. GORD is one of the most significant risk
factors for the development of oesophageal adenocarcinoma (OAC). This link was identified
initially in the 1990s in two case-control studies.””®® A meta-analysis published in 2010 has

further strengthened this association.®! Rubenstein et al. demonstrated that at least weekly
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symptoms of GORD increased the odds of OAC by fivefold, while daily symptoms increased
the odds by sevenfold.®! Conversely, Helicobacter pylori colonisation was found to be
protective for the development of OAC (odds ratio (OR) = 0.56, 95% confidence interval (95%
Cl) = 0.46-0.68).2%2 Broader population level studies using routine primary care data in over
40,000 patients further demonstrated that reflux and dyspepsia was associated with an odds
ratio (OR) of 5.7 and 6.0 respectively for the development of oesophago-gastric cancer.®
However, this study did not stratify both in terms of site and histology of cancer; indeed given
it is based on UK data it is likely to be weighted more towards OAC which has a stronger

association with GORD.

Further to this, GORD has also been linked to the development of Barrett’s oesophagus
(BO).8* However, not all cases of OAC are derived initially from BO. A study on pre-operative
patients with oesophageal cancer suggested less than 5% had pre-existing BO.*> A more
recent systematic review and meta-analysis demonstrated a pooled prevalence of 7.2% and
12.0% for histologically confirmed and endoscopically suspected BO in adults with GORD.%
However, GORD in combination with other risk factors such as obesity or age >50 years acted
in tandem to increase the risk of BO: one meta-analysis demonstrated that the prevalence
of GORD in patients with BO was 3%, increasing to 12.2% in the presence of another risk
factor.?” It therefore seems likely that there may be distinct pathways as to how BO and

GORD both lead to the development of OAC.

Although there has been published evidence of the link between GORD and OAC, very few
studies have been published with regards to GORD and oesophageal squamous cell
carcinoma (OSCC), despite the fact the OSCC represents over 90% of the world’s cases of
oesophageal cancers.”?° However, there has been increasing evidence that non-acid reflux
may play a role, and may be the link between the presence of gastric atrophy and the

development of OSCC.® In particular, Wang et al., using a cohort of nearly half a million
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patients, demonstrated that 17% of OSCC cases were associated with GORD, with an
adjusted hazard ratio of 1.99.8° Within the study GORD prevalence was estimated to be 24%,
which also corroborates with range of estimates between 18.1% to 27.8% within North

America.”®

At the time of writing, no meta-analysis had been completed to investigate the association
between GORD and OSCC. | therefore aimed to assess the association of both the presence

and frequency of GORD symptoms with both OSCC and OAC.

3.2.2 Material and Methods

Search Strategy

Prior to the study | searched the PROSPERO database for registration of systematic reviews
and meta-analysis in July 2022.°* | identified 26 studies which investigated oesophageal
cancer and a further study which investigated reflux. However, none of the studies

specifically investigated the role of GORD and oesophageal cancer.

| searched for eligible studies using MEDLINE (PubMed), EMBASE (Elsevier) and The Cochrane
Library databases up to 27 July 2022 for relevant articles. | used the following search terms,

with no language or geographical restrictions:

(oesophageal cancer OR esophageal cancer) AND (reflux OR gastro-oesophageal reflux
disease OR gastro oesophageal reflux disease OR GORD OR gastro-esophageal reflux disease
OR GERD OR gastro esophageal reflux disease OR dyspepsia OR heartburn OR regurgitation

OR reflux)

Study Selection and Outcome of Interest

| used the following inclusion criteria:

e Performed in adults aged 18 years or older
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e Provided data on OAC and/or OSCC

e Provided data on diagnosis of GORD or typical symptoms of GORD with no time
restrictions

e Provided data on frequency of GORD or typical symptoms of GORD with no time

restrictions

| defined typical symptoms of GORD as those derived from the Montreal Definition which
included heartburn and regurgitation.’”® | further defined frequent symptoms of GORD as

those occurring on at least a weekly interval.

Data Collection

Titles and associated abstracts from the initial searches were independently screened by two
reviewers (me and another researcher (PW)). Studies of potential interest were then agreed
on and the full text article independently read to assess if it met inclusion criteria. Data was
extracted independently and entered into a Microsoft Excel 365 worksheet (Redmond WA,
USA). Any disagreement was resolved by discussion, with the thesis primary supervisor
making the final decision over any disagreements. | attempted to contact corresponding
authors for any missing data from highlighted studies. Two reviewers (me and another
researcher (PW)) used the Newcastle-Ottawa Scale (NOS) to independently assess for study

quality and assess for bias in included studies (Table 3-1).9

For each included study | collected data on year of publication, journal, years of study,
country of origin, demographic information such as age and sex and study design. In addition,
| collected data on the number of patients who were diagnosed with and without GORD and

those who experienced this at least weekly, stratified by their cancer status.
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Selection

Comparability | Exposure Score

Adequacy | Representativeness Selection | Definition Ascertainment Same method Non-

of case of the cases of of controls of exposure of response

definition controls ascertainment rate
Anderson | ¥ * * * * * * 7
Crane * * * * & * 6
Farrow * * * * * * * * 8
Lagergren | 3% * * * * * * 7
Pandeya | % * * * * * * * 8
Wu * * * * * * * * 8

Table 3-1: Newcastle Ottawa Scale for assessment of included studies

Case definition = oesophageal adenocarcinoma or oesophageal squamous cell carcinoma. Exposure = presence of gastro-oesophageal reflux
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Statistical Analysis

| used the Cochran-Mantel-Haenszel Method to pool together incidence rates from different
studies. | used the DerSimonian-Laird random-effects method for analysis, regardless of the
degree of heterogeneity between the study results. | used a binary measure for the outcome
of interest, which was the presence or absence of any GORD and the presence and absence
of at least weekly symptoms of GORD. The difference between groups was reported as odds
ratios (OR) with corresponding 95% confidence intervals (95% Cl). Heterogeneity was
quantified assessed using the I statistic. For all statistical calculations, a p value of <0.05 was
taken as significant. | aimed to assess for possible publication bias using funnel plots.
Statistical analyses and graphical plots were created using R software version 4.1.2 (R Core
Team, Vienna, Austria) using the “meta” package.®*** | conformed to the PRISMA guidelines

for the reporting of this meta-analysis.>

3.2.3 Results

Characteristics of Included Studies

Figure 3-1 demonstrates the flow diagram for the meta-analysis. 51 studies were assessed
for inclusion after screening. After eligibility assessment | identified 10 studies with potential
data available for extraction and analysis.”>?¢7%4, However, | subsequently excluded four
studies due to use of overlapping databases; three studies included the Australian Cancer
Study database hence | selected a single representative one, Pandeya et al. for my analysis.'*
Two studies collated data from the Barrett's and Esophageal Adenocarcinoma Consortium
(BEACON), an international collaboration for research into Barrett’s oesophagus and
OAC.10310% A these studies included a number of existing data sources such as the Australian
Cancer Study and Los Angeles county data,®”1%%1%1 | also excluded them to avoid the risk of

duplication. Moreover, for the study by Wu et al., | extracted data from Rubenstein et al.’s

meta-analysis.2¥%’ This was because in the original paper, odds ratios rather than case
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numbers of patients were presented. Rubenstein et al. subsequently requested and
published the raw original data which was preferable for my analysis. Notably, all included
studies were conducted in higher income countries. Studies from lower- and middle-income

countries were underrepresented, despite OSCC being more prevalent in these areas.

)
=
-% Records identified from Records removed before
;fe’ MEDLINE, EMBASE and ) screenin_g:
= Cochrane: Duplicate records removed
5 Databases (n =12,654) (n =3,033)
o
e A y
Records screened > Records excluded**
(n=9,621) (n=9,570)
(@]
c
= l
Q
D
O
0
Reports assessed for eligibilit
(n 551) aniy —»| Reports excluded:
Review Article (n = _8)
Commentary/Editorial (n = 9)
Duplicated Dataset (n=4)
No extractable data (n=24)
\ 4
3
= Studies included in meta-analysis
E (n=6)

Figure 3-1: Flow diagram of search strategy and selection of studies
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Controls OAC 0SCC
Study | Recruitment | Method of GORD Mean Mean | % Mean | %
Lead Author | Year Country | Design | Years Diagnosis Age % Male | Age Male Age Male
Anderson NI and Case
LA%® 2007 ROI Control | 2002-2004 In-Person Interview 63 85 64 85
Case
Crane SJ*° 2007 USA Control | 1971-2000 Medical Records # # 70 83
Case
Farrow DC®® | 2000 USA Control | 1993-1995 In-Person Interview 617 80 637 84 64" 80
Case
Lagergren J”® | 1999 Sweden | Control | 1994-1997 In-Person Interview 68* 83 69* 87 67* 72
Case Self-completed
Pandeya N'°* | 2010 | Australia | Control | 2001-2005 | Questionnaire 61 66 64 91 65 57
Case
Wu AHY’ 2003 USA Control | 1992-1994 In-Person Interview 60 74 61 91

Table 3-2: Demographics of participants in included studies

Data for Farrow et al. and Wu et al. (2003) was taken from Gammon MD et al. and Wu et al. (2001) as referenced in the journal articles

respectively,. 97,105,106

OAC = Oesophageal Adenocarcinoma; OSCC = Oesophageal Squamous Cell Carcinoma; NI= Northern Ireland, ROl = Republic of Ireland, USA= United States
of America

*=median age presented as mean age not available

A=estimated from the proportions of patients within each age band

#=no formal age and % of males were presented but the authors state controls were age matched within a year and sex matched
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Total Number Normal (No GORD) Any GORD At Least Weekly GORD
oscc OAC Controls | OSCC OAC Controls | OSCC OAC Controls | OSCC OAC Controls
Lead Author Country (n=588) | (n=1199) | (n=4672) | (n=378) | (n=463) | (n=3059) | (n=210) | (n=736) | (n=1613) | (n=108) | (n=539) | (n=690)
Anderson LA%®® | All Ireland 227 260 117 211 110 49 110 49
Crane SJ*° USA 29 29 16 25 13 4
Farrow DC*® USA 144 198 671 107 72 355 37 126 316 8 67 78
Lagergren J”° Sweden 167 189 820 142 76 685 25 113 135 25 113 135
Pandeya N% Australia | 277 344 1545 129 74 686 148 270 859 75 145 178
Wu AHY USA 212 1347 108 1097 104 250 104 250

Table 3-3: Distribution of oesophageal cancer subtypes and presence and frequency of GORD

GORD = Gastro-Oesophageal Reflux Disease, OAC = Oesophageal Adenocarcinoma; OSCC = Oesophageal Squamous Cell Carcinoma
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Table 3-2 shows the demographic information for the six included studies.”®%699101 A||
studies had a male predominance with a mean age of over 60 for both cancer groups. The
six studies included a total of 588 OSCC, 1,199 OAC and 4,672 control patients; six studies
included OAC patients while four studies recruited OSCC patients (Table 3-3).While some
studies stratified by frequency of GORD symptoms,’®%98101 two studies did not provide this

information.®>1%7 In one study, GORD symptom frequency was stratified as follows:*®

e Never

e 1or2times/year

e 3to12times/year

e 13to 104 times/year
e 105 to 364 times/year

e 365 or more times/year

| defined patients who experienced reflux at least 105 times a year as equivalent to at least
weekly symptoms of GORD, as this would roughly equate to once every 3 to 4 days®. | was
unable to expand further as the next grouping was between 13 to 104 times a year.*® Finally
two studies provided data only on participants experiencing least weekly symptoms of
GORD, so the same figures were entered for weekly symptoms of GORD and the presence of

GORD.”"*#

Oesophageal Squamous Cell Carcinoma (OSCC)

Three studies provided both data on GORD and OSCC and at least weekly GORD symptoms
and OSCC (Table 3-4). There was no statistically significant association seen with the
presence of GORD and OSCC (Figure 3-2). In addition, there was no association seen with at
least weekly symptoms of GORD and OSCC (Figure 3-3). However, importantly there was

significant heterogeneity for both analyses, with the F? value above % for both instances.
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Outcome Number | Heterogeneity Group Comparisons
of p-value | P Odds Ratio (95% Cl) | p-value
Studies )
OSCC vs. Controls
Any GORD 3 0.001 85% 0.68 (0.40-1.19) 0.179
At Least Weekly 3 <0.001 94% 1.09(0.37-3.22) 0.883
GORD

OAC vs. Controls

Any GORD 6 <0.001 86% 3.81(2.54-5.72) <0.001
At Least Weekly 5 <0.001 61% 4.95 (3.90-6.27) <0.001
GORD

Table 3-4: Heterogeneity and relative risks for comparison of OSCC vs. controls and OAC
vs. controls

OSCC = oesophageal squamous cell carcinoma, OAC = oesophageal squamous cell carcinoma

Study Year Odds Ratio OR 95%-Cl Weight
Farrow 2000 ———— 0.39 [026;058] 326%
Lagergren 1999 089 [056;142] 3089%
Pandeya 2010 . 092 [0.71;1.18] 36.5%

Random effects model ﬁ'_‘ 0.69 [0.40; 1.19] 100.0%

Heterogeneity: = 85%, p = 0.001
0.5 1 2

Figure 3-2: Forest plot of presence of GORD and odds ratio (OR) and 95% confidence
intervals (95% Cl) of OSCC

Study Odds Ratio OR 95%-Cl Weight
Farrow — 045 [0.21;095] 309%
Lagergren ' 089 [056;142] 340%
Pandeya 285 [210;388] 352%

Random effects model 1.09 [0.37; 3.22] 100.0%

Heterogeneity: I#= 94%, p = 0.M

0.5 1 2

Figure 3-3 Forest plot of at least weekly symptoms of GORD and odds ratio (OR) and 95%
confidence intervals (95% Cl) of OSCC

GORD = Gastro oesophageal reflux disease, OSCC = oesophageal squamous cell carcinoma

Due to the low number of studies included it was difficult to draw meaningful conclusions

about publication bias using funnel plots.
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Oesophageal Adenocarcinoma (OAC)

There were 6 studies which provided data on GORD and OAC, while 5 studies provided data
on the presence of at least weekly GORD symptoms and OAC (Table 3-4). There was a
statistically significant association between the presence of GORD and OAC (p<0.001); where
the OR was 3.81 (95% Cl: 2.54-5.72) (Figure 3-4). The association was even stronger for at
least weekly GORD and OAC (OR=4.95, 95% Cl: 3.90-6.27, p<0.001) (Figure 3-5). Once again,
there was significant heterogeneity between studies, with the 1 value above 60% for both

instances (p<0.001).

Study Year Odds Ratio OR 95%-Cl Weight
Anderson 2007 =E 405 [270° 607] 176%
Crane 2007 ; 503 [140-1806] 69%
Farow 2000 = 197 [142: 273] 187%
Lagergren 1099 | %= 754 (5351065 185%
Pandeya 2010 B 291 [221 384] 194%
Wu 2003 - 423 [312° 572] 19.0%
Random effects model | | | - | 381 [254; 572] 100.0%

Heterogeneity: I? = 86%, p = 0.001
0.1 051 2 10

Figure 3-4: Forest plot of presence of GORD symptoms and odds ratio (OR) and 95%
confidence intervals (95% CI) of OAC

Study Year Odds Ratio OR 95%-Cl Weight
Anderson 2007 —'—— 405 [270; 6.07] 169%
Farrow 2000 i 389 [267; 567] 181%
Lagergren 1999 i+ 7.54 [5.35,1065] 196%
Pandeya 2010 - 560 [429 729 236%
Wu 2003 . B 423 [312; 572] 217%
Random effects model re 495 [3.90; 6.27] 100.0%
Heterogeneity: I° = 60%, p = 0.04 | ! ! I

0.1 05 1 2 10

Figure 3-5: Forest plot of at least weekly symptoms of GORD symptoms and odds ratio (OR)
and 95% confidence intervals (95% Cl) of OAC

GORD = Gastro oesophageal reflux disease, OAC = oesophageal adenocarcinoma

Similarly, due to the low number of studies it was difficult to draw meaningful conclusions

on publication bias.
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3.2.4 Discussion

My meta-analysis suggests there is no association between GORD symptoms and the
development of OSCC. Other evidence using multichannel impedance and pH studies has
suggested that there is an association between non-acid gastro-oesophageal reflux and
0OSCC.%"8 Non-acid reflux is defined as any refluxate being pH>4, hence it would impossible
to differentiate between acid or non-acid reflux based on patient symptoms alone.'® It has
been noted that in GORD patients non-acid reflux can account for 50% of reflux episodes,
rising to 75% for healthy controls.!® Uno et al. in a cohort of 14 OSCC patients and 14 age
and sex matched controls diagnosed with superficial differentiated early gastric cancer
demonstrated that the total number of reflux and non-acid reflux episodes was higher in the
OSCC group compared to the control group, although for acid reflux episode numbers were
similar.3® Notably however none of the participants in this study had any GORD symptoms.3®
Furthermore using similar methods, Kgomo et al. demonstrated an OR of 8.8 (95% Cl: 3.2-
24.5) in the development of OSCC in patients with non-acid gastro-oesophageal reflux.
Interestingly however for acid gastro-oesophageal reflux OR was 0.04 (95% Cl: 0.009-0.189),
suggesting there may be a protective effect.’” Importantly however, it was not clear how
many of the OSCC patients may have been symptomatic, although some control group
patients could have been symptomatic as they were initially referred for investigation due
to “dyspeptic or other benign symptoms.”%” | was unfortunately unable to establish contact
with the authorship team to confirm this. Furthermore, in my meta-analysis there was no

association between at least weekly symptoms of GORD and the development of OSCC.

Notably however, my findings contradict the findings of a large-scale prospective cohort
study of nearly half a million patients. The study estimated that GORD was associated with a
near twofold risk of OSCC after correcting for sex, smoking status, alcohol intake and follow

up period.®° There are however a few caveats; the study extracted the diagnosis of GORD
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based on medical claims and hence may lead to a reduced prevalence compared to
symptomatology surveys.® In addition, Medicare diagnosis data was available for around
20% of participants so the authors performed multiple imputation on the remaining data. As
highlighted by an independent authorship team, the quality of evidence between GORD and
OSCCis moderate at best,®® and larger prospective studies would be needed to fully elucidate

if there is any association.

In addition, | have further confirmed the association between GORD and OAC and have
updated the meta-analysis first performed in 2010 by Rubenstein et al.8! with the addition
of a further study.®® | demonstrated an OR of 4.95 (95% Cl: 3.90-6.27) for at least weekly
symptoms of GORD compared to OR of 4.92 (95% Cl: 3.90-6.22) for a similar comparison in
the study by Rubenstein et al.®! It is however worth pointing out some key differences
between ours and Rubenstein et al.’s analysis. Firstly, the authors looked at two symptom
frequencies: at least weekly and daily GORD symptoms, whereas | assessed for the presence
and absence of GORD symptoms plus at least weekly GORD symptoms.®! Furthermore, while
my control group in both instances only included patients without GORD, the control group
in Rubenstein et al.’s was matched with patients without GORD or experienced it less than

weekly.8!

A point to note is that certain secular trends may have influenced the studies, which were
from 1999 to 2010. This includes the rising obesity epidemic, which is a known risk factor for
OAC.™° In England, prevalence of obesity has increased from 21% to 26% between 1999 and
2010.1 Conversely, there has been consistent reductions in tobacco smoking, particularly in
Latin America and high sociodemographic countries, which would have had an overall

protective effect In the development of OSCC and OAC.!*?
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3.2.5 Limitations

My meta-analysis has several limitations. First, there is significant heterogeneity between
studies, with only six studies included in the final analyses. This was also noted by Rubenstein
et al., where moderate heterogeneity was somewhat resolved by the removal of a study in
certain analyses.®! The small number of overall studies mean it was difficult comment on
publication bias, as funnel plots can only be used for 10 studies or more. In addition, the
small number of studies identified meant that | was unable to provide a definitive conclusion

as to whether GORD is associated with OSCC.

Second, there were some differences in the diagnosis of GORD. While the majority of studies
relied on GORD being diagnosed through structured questions,’®%6-9810L107 gne study
depended on GORD being diagnosed by a physician during medical chart review.% In
addition, to reduce the risk of reverse causality, most studies excluded symptoms for a period
prior to the diagnosis of cancer, although this was not explicitly stated in two studies.®1%’

Most studies also used a questionnaire or interview approach to diagnose GORD which could

also introduce recall bias.

Thirdly, there are several confounders which have not been taken into account in this meta-
analysis. These include age, body mass index, tobacco smoking, alcohol use and
socioeconomic status. After correction for confounding variables including age and sex, only
one study found an overall association between GORD and OSCC.%” The remaining studies

found either an association in certain subgroups of GORD symptom frequency®*1%!

or no
association at all.” Furthermore, Pandeya et al. demonstrated that there may be a
synergistic effect with smoking, GORD and the development of OSCC, with a relative risk of
140%.81% This contrasts with the association with OAC where the majority of constituent

studies in the meta-analysis found associations with GORD and OAC even after adjustment

for confounders in multivariate analyses.”9698101

Page 81 of 287



Chapter 3: Literature Review of Gastro-Oesophageal Reflux as a Risk Factor for Oesophageal Cancer

3.2.6 Future Work

Future work should focus on assessing if there is an association between OSCC and GORD.
This could be a large scale cohort study in high prevalence areas such as in the “oesophageal
cancer belt.” Patients with known GORD could be screened for using a validated tool such as
the GerdQ.!3 Enrolled patients could be further assessed using other validated tools such as
the GORD Impact Scale to evaluate for symptom severity.!'* In addition, comprehensive data
on alcohol and tobacco use could be collected to assess for possible confounding.
Pragmatically, such a study may be more difficult to conduct given OSCC is highest in
prevalence in lower income countries. It may be more realistic to perform a case control
study, matching individuals with confirmed OSCC with controls, albeit accepting that it would

not be possible to prove causality.

3.2.7 Conclusions

In this study, | have confirmed the association that GORD is a risk factor for the development
of OAC. In addition, | have shown there is no association between GORD and OSCC. However,
there was very limited evidence, with significant heterogenicity in only a small number of
studies. Given that OSCC comprises the majority of the world’s oesophageal cancer cases,
large scale prospective studies in countries where OSCC is prevalent is needed to fully assess

if there is a link between GORD and OSCC.
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Chapter 4: Datasets and Data Curation

This chapter will outline the data sources used in my thesis. In addition, | will discuss about

access to these databases and the advantages and disadvantages of each dataset.

4.1 Chapter Introduction

Over the past few years there has been increasing interest in the use of health data and how
it can be used to drive improvements in patient care. Indeed, many other sectors such as
travel and retail have used technology and routine data to improve the experience for the
consumer.!*®> This has been recognised as a priority by the UK government in a draft policy
paper entitled “data saves lives: reshaping health and social care with data.”!' In the
document, future strategies are laid out to harness the power of health data research. These
could lead to positive outcomes such as better treatment for patients, better health results
and better decision making. Priorities outlined in the document include improving ease of
access and making data sharing the norm rather than the exception, improving transparency
as to how data is being used and also ensuring the correct legal and regulatory framework is
in place.’® There is perhaps no better example how impactful health data research can be

than the COVID-19 pandemic.

4.1.1 Data During the COVID-19 Pandemic

The role of health data was particularly amplified during the early phase of COVID-19. The
UK government acknowledged the “power of data”, noting that it “identified those who are
most vulnerable to coronavirus” as well as “powered vital research.” One of the most
renowned examples was the modelling paper by Ferguson et al. which predicted over half a
million deaths related to COVID-19 if no action was taken, with intensive care and inpatient

hospital capacity being breached.!'” This paper was widely reported by the media to be
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instrumental in the UK government introducing a lockdown on the 23" March 2020 to curb

rising COVID-19 cases and to reduce transmission of the virus.

However at the time, many other groups also sought to assess the collateral impact of the
pandemic. Banerjee et al. demonstrated using linked primary and secondary electronic
health record data that in a do-nothing scenario there could be more than half a million
excess deaths in the UK.1*® In addition, Lai et al. also demonstrated the collateral effects of
the pandemic, which could include up to 17,910 excess deaths in patients with cancer over
one year as a result of the impact on both demand for and supply of cancer services.'*
Similarly, diagnostic delays for patients with suspected cancers could lead to hundreds of
additional deaths depending on cancer type.’?%2! Such examples highlight how near real

time data could be especially impactful in a rapidly evolving situation, with implications on

national health policy.

4.1.2 Advantages and Disadvantages of Routine Health Data Usage

One of the strengths of the UK is the volume of routine patient care data held by the National
Health Service (NHS). For the English NHS, researchers can request data on hospital
attendances and admissions, termed Hospital Episode Statistics. Furthermore, the NHS
number, a unique identifier, can link a single patient through different domains of care or life
events, such as primary and secondary care records as well as registry records such as for
cancer and death. This is especially powerful as it would allow researchers access to large
numbers of patients and their outcomes, without the necessary expense of running large
scale trials.?? Using real world populations would also increase generalisability of
research.’?? However, as routine health data is collected before research questions are
posed, there can be issues related to data quality.’?*12* Indeed, it may be impossible to
answer certain research questions. Professional clinical coders are often responsible for

assigning diagnosis codes such as International Classification of Diseases (ICD-10) codes to
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patient records, although there are often barriers which restrict accuracy of coding. These
include limitations in how clinical coders are able to interpret or modify physician notes or
their ability to communicate with the original physician in the case of a discrepancy.'® Table

4-1 outlines some further advantages and disadvantage of routine health data for research:

Theme Advantages Disadvantages

Population Normally large sample, May lack precision in
generalisable populations defining population of

interest

Research Outcome Able to define large May be hard to define niche
numbers of research guestions and outcomes
questions and outcome of | outside standard of care
interest

Cost Does not require additional | Costs associated with data
cost for data collection access

May be some cost associated
with infrastructure set up

Data Quality Continuously updated Data collection may be
Large number of data incomplete, have issues with
points coding or be inaccessible for

research purposes
Differences in clinical
practice may not be
apparent between
institutions/countries

Relevance to Real World Based on real world data so | Some health systems may be
high external validity targeted to particular
populations (e.g. veterans)
Regulation Does not routinely need Less oversight may lead to
ethical approval unnoticed errors or biases

Table 4-1 Some advantages and disadvantages of routine health care data for research use

Furthermore, there have been concerns as to how personalised data could be used,
sometimes for more sinister means. A Canadian cross-sectional survey found that although
over 93% of respondents felt positive about the use of routine health data for research, only
58% felt confident over data security and privacy.'?® As a result, stronger safeguards have
been introduced, such as the Data Protection Act 2018 which places legal obligations on

organisations who process data and allows the individual rights to access personal data.'?’
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4.2 Datasets in Thesis

For my thesis | have used a range of both bespoke and also openly available datasets.

4.3 Bespoke Datasets

2ww UGI referrals

Known diagnosis of
oesophageal cancer or BE

| |

SPIT Study RISQ Study
19 NHS Hospitals 2 NHS Hospitals
Full Questionnaire (203Qs) Abridged Questionnaire (17Qs)
Saliva Sample

SPIT Study v2 (2022 onwards) UCLH Service Evaluation
19 NHS Hospitals Abridged Questionnaire (17Qs)

Abridged Questionnaire (17Qs)

Saliva Sample

Figure 4-1: Schematic showing the inter-relationship between SPIT and RISQ Studies and
the UCLH Service Evaluation which was incorporated into the RISQ Study during analysis

4.3.1 Saliva to Predict Risk of Disease Using Transcriptomics and Epigenetics

(SPIT) Study

The Saliva to Predict Risk of Disease Using Transcriptomics and Epigenetics (SPIT) study was
set up in 2017. This is an ongoing multi-centre cross-sectional study of 19 NHS hospitals
across the UK. The overall aim of the study is to identify a cheap and non-invasive bedside
test which could aid in predicting risk of serious oesophageal disease, namely oesophageal

cancer.

The main inclusion criteria are:
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e Patients who are referred under the 2-week wait (2ww) upper gastrointestinal
pathway for investigation using gastroscopy
e Patients with known Barrett’s oesophagus or oesophageal cancer

e Able to provide a saliva sample

The main exclusion criteria are:

e Patients who were unable to undergo definitive diagnostic tests such as gastroscopy
e Pregnancy

e Patients aged under 21

All patients provided informed consent prior to enrolment. Patients who were enrolled
completed a symptom risk factor questionnaire and also provided a saliva sample for
epigenetic analysis. The original questionnaire consisted of 209 questions across several

sections as shown in Table 4-2.

Domain Maximum Number of Questions
Personal Questions 8
Dental Health 9
Heartburn/Acid Reflux Symptoms 55
Swallowing Difficulties 8
Unexplained Weight Loss 4
Nausea and Vomiting 6
Smoking History 14
Alcohol Consumption 9
Obesity 4
Diet 19
Physical Exercise 6
Family History 12
Mental Wellbeing (based on the Hospital 14
Anxiety and Depression Scale (HADS)
questionnaire)!?®

Medical History 26
General Questions 15

Table 4-2: Question domains in the Saliva to Predict Risk of Disease Using Transcriptomics
and Epigenetics (SPIT) Study
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As a result of the work performed in Chapter 6: Creating a Risk Prediction Model, 6.3.3
Results: Selection of Features, the questionnaire was shortened to 17 questions in 2022 (SPIT

Study v2).

Ethical approval for the study was obtained from Coventry and Warwickshire Research Ethics

Committee (17/WM/0079).

4.3.2 Predicting Risk of Disease Using Detailed Questionnaires (RISQ) Study

The Predicting Risk of Disease Using Detailed Questionnaires (RISQ) study was established in
2019. It was initially designed to complement the SPIT study. This involved the participant
completing a questionnaire but without collection of a saliva sample. This is an ongoing
multi-centre cross-sectional study consisting of 2 NHS hospitals in the UK but with ongoing
expansion to other sites. The overall aim of the study is to assess whether by using a brief
questionnaire it would be possible to identify patients who would be at high risk of

developing oesophageal cancer.

The main inclusion criteria are:

e Patients who are referred under the 2-week wait (2ww) upper gastrointestinal
pathway for investigation using gastroscopy

e Patients with known Barrett’s oesophagus or oesophageal cancer

The main exclusion criteria are:

e Pregnancy

e Patients aged under 18

Patients provided informed consent prior to enrolment. After enrolment, patients
completed a symptom risk factor questionnaire of 17 questions. This is also the same

questionnaire as version 2 of the SPIT questionnaire (SPIT Study v2).
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Due to the onset of the COVID-19 pandemic, recruitment for the study was paused. As a
direct consequence of the pandemic, many NHS trusts accumulated large backlogs of
patients waiting for endoscopic procedures. To improve prioritisation of referrals, our team
incorporated this questionnaire as a service evaluation pilot for 2ww suspected upper
gastrointestinal cancer pathway patients at University College London Hospitals NHS
Foundation Trust. Patients who were referred under this pathway were invited to complete
the symptom risk factor questionnaire in advance of their appointment at the hospital.
Completed questionnaires generated a risk score which was under evaluation to assess if it
could be used for resource allocation purposes, with higher risk patients upgraded to
undergo endoscopy sooner. For ease of analysis the two cohorts of directly recruited RISQ
patients and service evaluation pilot patients were combined together. Table 4-3 shows the

number of questions in each domain of the questionnaire.
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Domain Maximum Number of Questions
Personal Questions 2
Dental Health

Heartburn/Acid Reflux Symptoms 4
Swallowing Difficulties 3
Unexplained Weight Loss 2
Nausea and Vomiting

Smoking History 1
Diet

Mental Wellbeing (based on the Hospital
Anxiety and Depression Scale (HADS)
questionnaire)!?®

Medical History 1
General Questions 4

Table 4-3: Question domains in the Predicting Risk of Disease Using Detailed
Questionnaires (RISQ) Study

Ethical approval for the study was obtained from the South Central — Oxford B Research
Ethics Committee (19/SC/0382). Approval for the service evaluation pilot was given from the
local hospital audit committee and the Caldicott Guardian, including for secondary research

use.

Figure 4-1: shows the interrelationship between the SPIT and RISQ studies.

4.3.3 COvid aNd FacE maSkS (CONFESS) Study

CONFESS (COvid aNd FacE maSkS) was a cross-sectional study comprising of an online
questionnaire to assess the effect of the COVID-19 pandemic on religious practice, both at
an individual level and also to assess for changes within a communal worship setting. This

was previously available at https://confess-study.co.uk, but the website since has been

deactivated. Recruitment and questionnaire completion occurred between August and
November 2020, with the last questionnaire completed on 5 November 2020. Participants
were required to be at least 18 years old and be able to understand English. Participation
was voluntary and respondents were recruited via a convenience sampling technique using
word of mouth, targeted advertising through religious institutions, social media such as

Facebook and WhatsApp, and publicity with the British Broadcasting Corporation (BBC),
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which featured the study in the national news bulletin and a religious affairs programme.?
In addition to the questionnaire, participants could also voluntarily consent to undergo
further experiments at UCL Engineering to assess the effectiveness of face masks in reducing

aerosol and droplet spread while singing. Questions were asked from the domains as shown

in Table 4-4.
Domain Maximum Number of Questions
Personal Details 14
COVID-19 Status 3
Personal Demographics 24
Religious and Spiritual Beliefs 4
Prayer and Community 13
Musical Styles in Worship 10
General Health 17
Facial Characteristics and Face Mask Use 17
Communal Worship Practices During 38
COVID-19
Mental Health 21
Extra Personal Information 24
Mental Wellbeing (based on the Hospital 8
Anxiety and Depression Scale (HADS)
questionnaire)!?®
Additional Questions on Face Mask Use 18

Table 4-4: Question domains in the COvid aNd FacE maSkS (CONFESS) Study

The majority of questionnaire items were closed questions. However, open-ended questions
regarding face mask acceptability and comfort as well as the impact of COVID-19-related
restrictions on communal worship were also included in order to gain deeper insights. Due
to an initial technical error, it was also possible to skip questions so not all participants
answered every question, leading to different number of responses for questions within the

questionnaire.

Ethical approval was obtained from University College London research ethics committee
(14223/002). Participants completed informed consent online as the start of the

questionnaire.
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4.3.4 Data Curation Prior to Analysis
Both the SPIT and RISQ datasets were both bespoke datasets so there was minimal data
curation required prior to analyses. Results could be downloaded in real time from

https://oes.spitstudy.co.uk/sign in for the SPIT Study and

https://endoclassify.myrisg.co.uk/sign in for the RISQ study. Some data cleaning was

performed to correct data entry errors, such as units (e.g.: kg) included in numeric only fields.

4.4 Routine Health Datasets

4.4.1 University College London Hospitals NHS Foundation Trust (UCLH)
Electronic Health Records

UCLH uses the Epic electronic healthcare record system, which was introduced in March
2019. | wanted to assess how gastroenterology services had been affected during the
pandemic period. In particular, | was interested in how cancer diagnosis and treatment was
affected. To do this, | decided to use several metrics in measuring hospital activity. These

included:

1. Number of referrals for suspected upper and lower gastrointestinal cancers

2. Number of Gl operations which involved removal of a portion of the digestive tract
(oesophagectomy, gastrectomy, colectomy and small bowel resection)

3. Number of patients who had digestive cancers in their problem list, which was noted
on or after January 2023. This was denoted by ICD-10 codes C15, C16, C17, C18, C19,
C20, C21, C22, C23, C24, C25 and C26, which correspond to malignant neoplasms of
digestive organs.!

4. Number of patients who underwent oesophagogastroduodenoscopy (OGD),
colonoscopy, flexible sigmoidoscopy and endoscopic retrograde cholangio
pancreatography (ERCP).

5. Number of patients who underwent CT colonography.
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Data was provided between 1 January 2019 and 7 December 2020, which meant it covered

the start of the 1 wave of the pandemic and the initial recovery phase.

Data Curation Prior to Analysis

Much of the data had already been curated by the inhouse data analytics team at UCLH
before it was transferred to me, hence most of the data was provided in summary form,
rather than in a raw format with patient details attached. While this meant less time was
spent on data curation, it also meant patient level data was unavailable hence there were
limitations in what could be analysed. In addition, during the study period, there was a major
change in hospital record system in March 2019. It is possible that there could be some
inconsistencies between how data was encoded before and after the changeover. As an
example, colonoscopy was coded as “colonoscopy” under the old hospital system (Infoflex)

but “fibreoptic colonoscopy” under the new system (Epic).

4.4.2 NHS Diagnostics Waiting Times and Activity Dataset (DMO01)

The NHS Diagnostics Waiting Times and Activity Dataset (DMO01) is openly published by NHS
England on a monthly basis, with data available from January 2006 onwards.**! The data also
forms part of National Statistics. This collects monthly data on number of procedures
performed and also the number of patients on the waiting list for 15 key diagnostic tests.
This includes OGD, flexible sigmoidoscopy and colonoscopy. Patients on the waiting list are
grouped by the number of weeks they have been waiting, in weekly increments, with the
longest waiters grouped as ‘13+ weeks’. The number of procedures performed are further
stratified by planned tests (such as a repeat endoscopy to check for ulcer healing or
polypectomy site), unscheduled tests (such as inpatient procedures for acute upper
gastrointestinal bleeding) and waiting lists tests (such as those who are referred to
endoscopy after being seen in outpatient clinic). The data is subdivided by both local

commissioning region (such as London Commissioning Region) and also the hospital trust
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performing the procedure (such as University College London Hospitals NHS Foundation

Trust).

Data Curation Prior to Analysis

Procedures from 7 English NHS Trusts were excluded due to incomplete data. These were:

Bradford Teaching Hospitals NHS Foundation Trust

e East and North Hertfordshire NHS Trust

e North West Anglia NHS Foundation Trust

e Royal Berkshire NHS Foundation Trust

e St Helens and Knowsley Teaching Hospitals NHS Trust
e The Princess Alexandra Hospital NHS Trust

e University College London Hospitals NHS Foundation Trust

In addition, there were some NHS trusts that were merged or were renamed during the study
period. For example, there were mergers of hospitals in Bristol and Weston-super-Mare so
pre-merger and post-merger trusts were combined together in the final analysis to ensure
consistency. Moreover, as | was most interested in the effect of endoscopy within acute NHS
trusts, data available for private hospitals, public-private partnership diagnostic centres or

community healthcare providers were excluded in analyses.

4.4.3 Barnet General Practice Dataset

In the UK, general practitioners (GP) are often the first port of call when a patient requires
medical care, and they have a responsibility for looking after patients within the community.
GP data thus contains a large body of information including diagnoses and test results, which
could potentially cover a large number of patients. Through a collaboration with the North
Central London Cancer Alliance, | was able to obtain curated General Practice (GP) data in

Barnet. Barnet is an outer London borough with 395,000 residents. The English Indices of
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Deprivation ranks Barnet at 184/317 in terms of deprivation nationally.'®? The borough is
ethnically diverse, with 47% of residents from non-White backgrounds. 62% of residents are

working age (18-64 years).!3

The dataset was provided as part of a service evaluation project where | evaluated the use
of the faecal immunochemical test (FIT) across GP practices within Barnet. This dataset
contained anonymised data on 23,383 individual patients, with FIT results available between

January 2019 and March 2022. Available data fields included:

e Sex
o Age
e FIT results

o Numeric value

o Date of numeric value

o Associated free text comments

Lower Gl 2-week wait (2ww) referral and associated date

Cancer diagnoses
o All cancer diagnoses and associated date

o Lower Gl diagnoses and associated date

Significant Gl diagnoses and associated date; these included:
o Crohn’s disease
o Ulcerative colitis
o Diverticulosis
o Polyp

o Other Gl specific investigations e.g. CT colonography or colonoscopy

Blood test results — 1 year pre or post FIT result

o Haemoglobin (Hb)
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o Mean cell volume (MCV)
o C-reactive protein (CRP)
o Ferritin

o Platelet count

Data Curation Prior to Analysis

This dataset needed significant curation prior to use in statistical analysis. Firstly, blood test
and FIT results were sometimes listed as part of a numeric field, and sometimes written as
part of free text prose. As a result, | wrote code which could detect either of these to
maximise the amount of data available. In addition, FIT results were sometime written
qualitatively (e.g. positive/negative); these had to be disregarded. Furthermore, some results
were listed as below the lower limit of detection (e.g.<4ug Hb/g). To allow for quantitative
analyses there were recoded without the ‘less than’ or ‘greater than’ operators. Secondly,
there was often duplication of dates of events, such as for dates of diagnosis of medical
conditions or dates of referral to secondary care. This occurred when the same event was
encoded twice by separate individuals, such as by the GP at the time of referral and also by
administrators when the referral was actually sent onward to secondary care. To avoid
double counting of the same event or result, if the same event or result was found to be
within 30 days of each other this was treated as a duplicate and the later result was removed

from final analyses.

4.5 Chapter Conclusions

In this chapter | have introduced the datasets that will be used in my thesis, which includes
both bespoke and routine datasets. | have also outlined what data curation needed to be
completed prior to analysis. In addition, | have given an overview of both the advantages and

disadvantages of using both bespoke and routine datasets.
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Chapter 5: Effect of COVID-19 on Gastrointestinal Services

Contents of this chapter have previously been presented and published as detailed below:

Publications
Ho KMA, Banerjee A, Lawler M et al. Predicting endoscopic activity recovery in England after

COVID-19: a national analysis. Lancet Gastroenterology and Hepatology. 2021; 6: 381-90

N.B. the bulk of this work was completed during winter 2020 and spring 2021 hence some of

the data at time of thesis submission may appear to be outdated
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5.1 Chapter Introduction

This chapter will explore the COVID-19 pandemic and its effect on gastrointestinal services,
both locally with University College London Hospitals NHS Foundation Trust and also
nationally through openly available data, with a particular focus on endoscopy provision. In
particular | will highlight the scale of the backlog caused by the COVID-19 pandemic and the

challenge this poses.

5.2  Background

5.2.1 The COVID-19 Pandemic

The defining event of the 2020s was the emergence of a novel coronavirus from Wuhan,
China in December 2019 and the subsequent rapid transmission of this virus around the
world. The virus, named SARS-CoV-2, led to the development of multisystem disease known
as coronavirus disease 2019 (COVID-19). March 2020 was a pivotal moment in the UK’s
response to the virus. Within a single month, the spread of COVID-19 meant life in the UK
changed dramatically with ramifications on public health, society and the economy. At the
beginning of March 2020, life in the UK remained more or less normal. However, by 13 March
2020 the World Health Organization (WHO) declared a global pandemic and Europe to be
the epicentre.’3*!3> By 23 March 2020, strict curbs on life were introduced as the UK entered

a nationwide lockdown, which would only be relaxed some 3 months later.136137

Mild symptoms of COVID-19 include fever, cough, fatigue, myalgia, anosmia and
gastrointestinal symptoms.'*®13° However, severe COVID-19 typically occurred one week
post infection, with rapid progression to respiratory failure and possible endotracheal
intubation with ventilatory support.’* In addition, multisystem organ dysfunction affecting
the heart, kidneys, liver, coagulation and circulation may also occur.'*® Initial data from China
suggested that COVID-19 led to mild infection in 81% of cases. However, 14% had severe
disease with evidence of respiratory dysfunction and 5% were classed as critical, with
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evidence of single or multiple organ failure.'*® Although there was an overall case fatality
rate of 2.3%, this rose to 49% for those who were critically unwell.}*° The appearance of large
numbers of patients who were simultaneously unwell within a limited geographic area and
with high healthcare needs such as requiring admission to intensive care units and invasive
ventilation meant standard capacity was quickly exceeded.’*! Intensive care units as well as
medical inpatient capacity had to be expanded rapidly, with redeployment of healthcare staff
and repurposing of clinical areas.'® A further issue arose as healthcare personnel became
infected. This was as high as 63% in Wuhan, with 14.8% of cases classified as severe or
critical.**® This meant stretched healthcare personnel became even more depleted, adding

additional pressures in the delivery of patient care.

Although the WHO declared an end to the “global health emergency" on 5 May 2023, the
COVID-19 pandemic has claimed 7 million lives (and counting), and estimates that the true
death toll could be at least 20 million.** The WHO however still regard COVID-19 as an
established and ongoing health matter, and its ramifications will continue for some years to

come.'®?

5.3 Effect on Gastrointestinal Services Locally

5.3.1 Introduction

The rapid influx of patients with high medical needs led to wholesale reconfiguration of
healthcare services around the world. Writing in the Lancet Oncology, Hamilton noted that
as a result of the pandemic the UK’s National Health Service (NHS) reorganised from a
comprehensive healthcare service to one that was solely focussed on treating COVID-19
patients.!®® This led to huge disruption in the delivery of routine care, with outpatient activity
such as appointments and procedures cancelled so that clinical areas could be reconfigured
to accommodate more inpatients, and medical and nursing staff redeployed to other clinical

areas. Guidance issued by the British Society of Gastroenterology (BSG) in March 2020
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supported such efforts and recommended a 6-week pause in endoscopic activity, such that
all but emergency and essential endoscopy stopped, including bowel cancer screening,
allowing time to refine triage systems.}** Early data from the UK National Endoscopy
Database (NED), encompassing 79% of endoscopic units in the UK, demonstrated that
activity fell to as low as 5% of normal levels in the COVID-19 impacted period from 23 March
to 31 May 2020.* Moreover, one important observation was that during the COVID-19
impacted period, while the per-procedure cancer detection rate increased from a baseline
of 1.9% to 6.6% (p<0.001), the weekly number of cancers detected decreased by 58%.* This
therefore suggests that while there was increased vetting of procedures, which increased
the per procedure cancer detection rate, a large number of procedures were simply not
being performed, leading to significant concerns over missed or delayed diagnoses, and
consequently potentially worse outcomes for patients. Furthermore, early in the COVID-19
pandemic, the general population faced lockdown restrictions and had restrictions placed on
their livelihoods.'® This led to altered health behaviour, such as reduced emergency
department attendances and delayed presentation of patients with symptoms.’ Finally, the
transmissibility of the COVID-19 virus also meant that staff became sick with the virus,

requiring self-isolation and hence impacting on the delivery of clinical services.

5.3.2 Effect at a Local Level - University College London Hospitals NHS Foundation

Trust (UCLH)

5.3.3 Introduction

| was interested to see how the COVID-19 pandemic affected gastrointestinal services at our
affiliated hospital trust, University College London Hospitals NHS Foundation Trust (UCLH).
UCLH is an acute NHS trust providing a range of emergency and scheduled care services
located in Central London. Services are provided across 10 sites, with University College

Hospital (UCH) being the main acute hub and provider of gastrointestinal services. It is also
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a major hub for cancer treatment and includes services for tertiary care such as upper
gastrointestinal surgery within the North Central London region. Like many hospitals
nationally and internationally, there were significant changes including workforce
redeployment and recommissioning of clinical areas to tackle the challenges of the
pandemic. While in the early phase of the pandemic the clinical priority was to care for
patients who were infected with COVID-19, there were significant concerns on the collateral
damage the pandemic would cause, in particular relating to disruptions to cancer pathways

and delayed cancer diagnoses.''1?1

5.3.4 Aims

My primary aim was to analyse how the COVID-19 pandemic affected gastrointestinal clinical
services at UCLH. | would achieve this by looking at different aspects of the service, such as
referrals to the service, number of diagnostic procedures performed and the number of
curative surgical operations performed. In addition, | aimed to perform subgroup analyses
with only suspected or confirmed cancer patients included to assess the impact of the

pandemic on this cohort.

5.3.5 Methods

Data was provided by the UCLH data analytics department for the purpose of internal audit
and service evaluation and was available from January 2019 to December 2020. However, as
data was only reliable from March 2019 onwards due to IT system migration, | excluded data
from January to February 2019 for certain analyses. The database has been introduced
previously in Chapter 4:Datasets and Data Curation. In brief, the database contains patient

level data on several key metrics for gastrointestinal services activity. The database included:

e Number of referrals under suspected cancer pathways for both upper

gastrointestinal and lower gastrointestinal cancer

Page 101 of 287



Chapter 5: Effect of COVID-19 on Gastrointestinal Services

e Number of new gastrointestinal cancer diagnoses made (e.g. gastric cancer and
colorectal cancer).

e Number of gastrointestinal surgical resections performed (e.g. oesophagectomy and
colectomy)

e Number of gastrointestinal endoscopic procedures performed (e.g.
oesophagogastroduodenoscopy (OGD) and colonoscopy)

e Number of computerised tomography colonography (CTC) scans performed (N.B.

CTC is also known as virtual colonoscopy).

Data cleaning was kindly performed by the data analytics team hence potential duplicated
records had already been removed. The provided dataset contained patient level data, with
information on which procedure or operation was performed, indication and also the date
of procedure or operation, except for CTC data which was provided on an aggregated basis

and stratified by referrer.

Data was provided in a Microsoft Excel spreadsheet. Data analysis and generation of

statistical plots were completed in R version 4.2.2.%

5.3.6 Results

Number of Cancer Referrals

During the study period there were 6,740 upper and lower Gl referrals made. However, 278
were duplicated and hence were excluded in further analyses, meaning there were 6,462
distinct referrals. This was split between 1,829 upper Gl referrals (28%) and 4,633 lower Gl

referrals (72%) (Figure 5-1 and Table 5-1).
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Figure 5-1: Number of referrals for suspected upper and lower gastrointestinal cancers

between March 2019 and December 2020.
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Lower GI Upper GI Total
No. of % Compared No. of % Compared No. of % Compared
Month | Referrals | to 2019 Referrals | to 2019 Referrals | to 2019
Mar-19 215 80 295
Apr-19 189 71 260
May-19 289 77 366
Jun-19 240 74 314
Jul-19 261 78 339
Aug-19 232 70 302
Sep-19 275 54 329
Oct-19 285 97 382
Nov-19 251 75 326
Dec-19 218 78 296
Jan-20 296 72 368
Feb-20 258 81 339
Mar-20 183 85 61 76 244 83
Apr-20 48 25 48 68 96 37
May-20 74 26 59 77 133 36
Jun-20 141 59 91 123 232 74
Jul-20 190 73 105 135 295 87
Aug-20 193 83 108 154 301 100
Sep-20 204 74 142 263 346 105
Oct-20 265 93 129 133 394 103
Nov-20 229 91 127 169 356 109
Dec-20 97 44 52 67 149 50

Table 5-1: Number of referrals for suspected upper and lower gastrointestinal cancers
between March 2019 and December 2020, with comparison to same month in 2019.

There was a decrease in the number of Gl cancer referrals during the first wave of the
pandemic, most evident in April and May 2020. In April 2020 there were 96 referrals in total,
compared to 260 or 37% of the level in April 2019. However, lower Gl referrals were more
affected compared to upper Gl referrals. For lower Gl this was at 25% (48/189) of April 2019
levels, compared to 66% (48/71) of April 2019 levels for upper Gl. This was statistically
significant (X?=16.2, df=1, p<0.001). A similar trend was also observed for May 2020
compared to May 2019. For upper Gl this was at 77% (59/77) compared to 25% for lower Gl
(74/289). Similarly, this was statistically significant (X?>=26.8, df=1, p<0.001). Interestingly, by

June 2020 upper Gl referrals had exceeded the numbers seen in June 2019 (91 referrals
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compared to 74 referrals, 123%). However, it would take until October 2020 for lower Gl

referrals to recover to >90% of 2019 levels (265 referrals compared to 285 referrals, 93%).

5.3.7 Number of Cancer Diagnoses

For this analysis | focussed purely on digestive system cancers. | grouped cancers into 4 main
groups: colorectal and anal, hepato-pancreato-biliary (HPB) cancers, including hepatocellular
carcinoma and cholangiocarcinoma, oesophago-gastric cancers and other gastrointestinal
cancers, such as gastrointestinal stromal tumours (GIST) and where the actual site of the

cancer was unclear, such as the term “bowel cancer”.

During the study period | identified 1,908 cancers diagnosed in 1,774 patients. However, |
identified 69 duplicate diagnoses, hence there were 1,839 cancer diagnoses in 1,774 patients

during analysis (Figure 5-2 and Table 5-2).
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Figure 5-2: Number of cancer diagnoses and their anatomical site between March 2019 and

December 2020.
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Colorectal Hepato-Pancreato-Biliary Oesophageal Other Total
No. of % Compared No. of % Compared No. of % Compared No. of % Compared No. of % Compared
Month | Referrals to 2019 Referrals to 2019 Referrals to 2019 Referrals to 2019 Referrals to 2019
Mar-19 10 4 8 2 24
Apr-19 103 29 51 29 212
May-19 69 15 21 21 126
Jun-19 35 5 25 14 79
Jul-19 42 32 17 100
Aug-19 32 9 19 11 71
Sep-19 34 7 24 14 79
Oct-19 30 14 22 19 85
Nov-19 29 11 20 3 63
Dec-19 57 17 21 10 105
Jan-20 62 28 16 11 117
Feb-20 50 15 40 10 115
Mar-20 34 340 12 300 11 138 13 650 70 292
Apr-20 24 23 5 17 11 22 7 24 47 22
May-20 21 30 11 73 7 33 6 29 45 36
Jun-20 35 100 3 60 18 72 7 50 63 80
Jul-20 49 117 14 156 15 47 6 35 84 84
Aug-20 32 100 12 133 14 74 9 82 67 94
Sep-20 41 121 13 186 23 96 10 71 87 110
Oct-20 40 133 10 71 16 73 4 21 70 82
Nov-20 45 155 19 173 23 115 8 267 95 151
Dec-20 14 25 11 65 7 33 3 30 35 33
Table 5-2: Number of cancer diagnoses and their anatomical site between March 2019 and December 2020, with percentage compared to 2019. N/A = not

available.
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The highest overall number of cancers diagnosed was in April 2019, with a total of 212
cancers. However, this figure may be erroneous as this was the first complete month after
migration to Epic electronic health record software. This is likely to have led to some patients
being coded for cancer as if they were new diagnoses, when the condition may have already
been pre-existing in the patient. However, there was still a decrease in the number of cancer
diagnoses in April 2020 (total of 47 new diagnoses) and May 2020 (total of 45 new
diagnoses), compared with the preceding months of February 2020 (total of 115 new
diagnoses) and March 2020 (total of 70 new diagnoses). By July 2020, cancer diagnoses had
reached 84% (84/100) of July 2019 levels. There was a statistically significant difference
between the proportions of the subtypes of gastrointestinal cancer cases being diagnosed
(X?=11.7, df=3, p-value=0.008), with primarily an increase of colorectal cancers (58% (49/84)
of cases in July 2020 compared to 42% (42/100) in July 2019) and a decrease of oesophago-
gastric cancers (18% (15/84) of cases in July 2020 compared to 32% (32/100) in July 2019).

By August 2020 overall cancer diagnoses had reached 94% (67/71) of August 2019 levels.

5.3.8 Gastrointestinal Surgical Procedures

To understand the impact of the pandemic on surgical procedures for cancer cases | have
split the analysis into looking at gastrointestinal surgical procedures for all indications and
for cancer only. | only included procedures involving the luminal digestive tract such as
excision of bowel or manipulation of stomas. Procedures involving the hepato-pancreato-
biliary tract such as cholecystectomy were excluded. Other abdominal procedures such as
inguinal hernia repair which do not involvement operating on the luminal digestive tract

were also excluded.

Procedures were grouped by indication such as for acute abdomen (i.e. non-elective, urgent
cases such as acute bowel obstruction), cancer, inflammatory bowel disease (IBD), or other

benign indications such as diverticular disease or fistulae.
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Finally, as the raw numbers for certain indications per month were low, | elected to analyse

in 3-month blocks (i.e. quarters of the year).

5.3.9 All Indications
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Indication

Acute Abdomen
60

Bariatric
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Figure 5-3: Number of surgical procedures and their indications between March 2019 and
December 2020, stratified by quarter and year.

IBD = inflammatory bowel disease

616 surgical procedures were performed on 606 individual patients during the study period
(Figure 5-3 and Table 5-3 ). The highest number of surgical procedures was performed in the
4™ quarter of 2019 (112 cases). Similar to previous trends, there was a decrease in the overall
number of procedures in the 2" quarter of 2020, at 52% of 2019 levels. Between April 2020
to June 2020 only a single bariatric case was carried out, compared with 31 cases between
April 2019 to June 2019. Recovery continued such that in the 3™ quarter of 2020 there were

78 surgical procedures carried out, at 75% of the level in 2019 (104 surgical procedures).
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Statistical testing using Wilcoxon Signed Rank test with Bonferroni correction for each

indication was not significant.
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Acute Abdomen Bariatric Cancer IBD Other Total

No. of % Comp No. of % Comp No. of % Comp No. of % Comp No. of % Comp No. of % Comp
Quarter | Referrals | to 2019 Referrals | to 2019 Referrals | to 2019 Referrals | to 2019 Referrals | to 2019 Referrals | to 2019
Q1-2019 | O 0 2 0 0 2
Q2-2019 | 10 31 40 9 9 99
Q3-2019 | 9 37 36 15 7 104
Q4-2019 | 18 36 39 10 9 112
Q1-2020 | 14 18 47 13 6 98
Q2-2020 | 8 80 1 3 24 60 12 133 6 67 51 52
Q3-2020 | 12 133 13 35 29 81 13 87 11 157 78 75
Q4-2020 | 4 22 9 25 29 74 18 180 12 133 72 64

Q2-Q4 2019 v Q2-Q4 Q2-Q4 2019 v Q2-Q4 Q2-Q4 2019 v Q2-Q4 Q2-Q4 2019 v Q2-Q4 Q2-Q4 2019 v Q2-Q4
Wilcoxon | 2020 2020 2020 2020 2020
p-value 0.400 0.100 0.077 0.400 0.658

Table 5-3: Number of surgical procedures and their indications between March 2019 and December 2020, stratified by quarter and year.

IBD = inflammatory bowel disease
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Figure 5-4: Number of cancer related surgical procedures performed and the related
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. Small Bowel

anatomical site between March 2019 and December 2020, stratified by quarter and year.

Figure 5-4 and Table 5-4 demonstrate the number of cancer surgical procedures that were

performed between March 2019 and December 2020. The highest number of procedures

performed was in the 1° quarter of 2020 with 47 procedures. In the 2" quarter of 2020, 24

procedures were performed, 60% (24/40) of the level in the same quarter in 2019. By the 3™

and 4% quarters of 2020, procedure numbers had increased to 29 in both quarters, although

this was still below 2019 levels (81% (29/36) in the 3™ quarter, 74% (29/39) in the 4" quarter).

Statistical testing using Wilcoxon Signed Rank test with Bonferroni correction was not

significant for each site of gastrointestinal surgery.
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Colorectal Oesophago-Gastric Small Bowel Total
No. of % Compared No. of % Compared No. of % Compared No. of % Compared

Quarter | Referrals | to 2019 Referrals | to 2019 Referrals | to 2019 Referrals | to 2019
Q1-2019 |2 0 0 2
Q2-2019 | 28 11 1 40
Q3-2019 | 26 10 0 36
Q4-2019 | 31 7 1 39
Q1-2020 | 35 12 0 47
Q2-2020 | 18 64 6 80 0 0 24 67
Q3-2020 | 19 73 8 29 2 NA 29 70
Q4-2020 | 24 77 2 33 3 300 29 70
Wilcoxon | Q2-Q4 2019 v Q2-Q4 2020 | Q2-Q42019v Q2-Q4 2020 | Q2-Q4 2019 v Q2-Q4 2020
p-value 0.100 0.200 0.221

Table 5-4: Number of cancer related surgical procedures performed and the related anatomical site between March 2019 and December 2020, stratified
by quarter and year.
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Endoscopy Procedures
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Figure 5-5: Number of endoscopic procedures performed for colonoscopy, endoscopic
retrograde cholangio pancreatography (ERCP), flexible sigmoidoscopy and
oesophagogastroduodenoscopy (OGD) between January 2019 and December 2020.

There were notable decreases in the number of endoscopic procedures with the arrival of
the COVID-19 pandemic (Table 5-5 and Figure 5-5). The most impacted month was April
2020, where compared to the levels of April 2019, only 8% (23/306) of colonoscopies, 22%
(10/46) of ERCPs, 9% (9/131) of flexible sigmoidoscopies and 23% (72/312) of OGDs were
performed. However, recovery to at least 90% of the previous year’s capacity was fastest for
ERCPs, which was reached in June 2020 (98%, 44/45), followed by colonoscopy in August
2020 (91%, 419/460) and OGD in September 2020 (96%, 570/594). Flexible sigmoidoscopy
capacity never reached this threshold in the study period, suggesting of the endoscopic

modalities studied it was the slowest to recover.
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Colonoscopy ERCP Flexible Sigmoidoscopy OGD Total
No. of % Compared | No. of % Compared | No. of % Compared | No. of % Compared | No. of % Compared
Month | Procedures | to 2019 Procedures | to 2019 Procedures | to 2019 Procedures | to 2019 Procedures | to 2019
Jan-19 282 42 108 363 795
Feb-19 472 49 167 664 1352
Mar-19 381 38 125 458 1002
Apr-19 306 46 131 312 795
May-19 412 53 164 536 1165
Jun-19 459 45 170 561 1235
Jul-19 467 35 206 586 1294
Aug-19 460 49 182 571 1262
Sep-19 458 45 197 594 1294
Oct-19 555 36 209 653 1453
Nov-19 471 49 208 543 1271
Dec-19 468 43 203 571 1285
Jan-20 515 183 41 98 236 219 632 174 1424 179
Feb-20 517 110 37 76 196 117 598 90 1348 100
Mar-20 309 81 41 108 123 98 379 83 852 85
Apr-20 23 8 10 22 9 7 72 23 114 14
May-20 83 20 23 43 29 18 162 30 297 25
Jun-20 189 41 44 98 62 36 264 47 559 45
Jul-20 349 75 40 114 105 51 438 75 932 72
Aug-20 419 91 45 92 124 68 415 73 1003 79
Sep-20 509 111 36 80 123 62 570 96 1238 96
Oct-20 568 102 49 136 109 52 475 73 1201 83
Nov-20 497 106 50 102 109 52 488 90 1144 90
Dec-20 135 29 22 51 43 21 137 24 337 26

Table 5-5: Number of endoscopic procedures performed for
sigmoidoscopy and oesophagogastroduodenoscopy (OGD) between January 2019 and December 2020.

colonoscopy, endoscopic retrograde cholangio pancreatography (ERCP), flexible
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5.3.11 Bowel Cancer Screening Colonoscopy and Flexible Sigmoidoscopy

Some endoscopic procedures in the study were performed as part of population level
screening for colorectal cancer. Flexible sigmoidoscopy was offered as part of Bowel Scope,
a now discontinued programme where patients aged 55 were offered a one off flexible
sigmoidoscopy.>® As a result of the pandemic, introduction of the faecal immunochemical
test (FIT) and also challenges with endoscopic workforce, this was discontinued in early 2021.
In addition, the UK also has a national Bowel Cancer Screening Programme (BCSP) which
invites individuals aged between 60-74 years to have a FIT every 2 years.>* Individuals who

have a FIT of 2120 ug Hb/g are invited to undergo a colonoscopy on a specific bowel cancer
screening list.246
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Figure 5-6: Number of Bowel Cancer Screening Colonoscopies and Flexible Sigmoidoscopies
performed between April 2019 and December 2020.

Figure 5-6 demonstrates the number of endoscopic screening procedures which were

performed between April 2019 to December 2020. Data from January to March 2019 was
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not available. Notably, there was a significant decrease in the number of bowel cancer
screening flexible sigmoidoscopies being performed after April 2020, with at most 9
procedures performed in July 2020, compared with 119 (7.6%) of July 2019 levels. In
comparison, recovery of bowel cancer screening colonoscopy was quicker; in April 2020 only
10 procedures were performed, compared with 62 (16%) in April 2019. By September 2020,
number of procedures was at 80% when compared to a year ago (68 in September 2020
compared to 85 in September 2019). By November 2020, cases performed exceeded
numbers from the year previously (80 in November 2020 compared with 76 in November
2019; 105%). Fisher’s Exact Test demonstrated a statistically significant difference in the

distribution of colonoscopies and flexible sigmoidoscopies during the study period (p<0.001).

5.3.12 CT Colonography
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Figure 5-7: Number of CT colonographies (CTC) performed between January 2019 and
December 2020.
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Figure 5-7 demonstrates the number of CT colonographies (CTC) performed between
January 2019 and December 2020. While not even a single CTC was performed in April 2020,
27 procedures were completed in May 2020, compared to 61 in May 2019 (44%). By
September 2020 this had almost reached pre-pandemic levels (59 in September 2020

compared to 60 in September 2019; 98%).

5.3.13 Discussion

In this local analysis | have used five different metrics spanning several different parts of the
hospital operation as a snapshot to assess how the COVID-19 pandemic has affected
gastroenterology services at University College London Hospitals NHS Foundation Trust.
COVID-19 led to decreases in number of referrals received, number of gastrointestinal cancer
diagnoses made, number of surgical operations performed, number of endoscopies
performed and number of CT colonographies performed. The decrease was most apparent
in the month of April 2020 in all analyses performed, with some degree of recovery

experienced in the months following this.

While | noted a drop in Gl referrals during the early phase of the first wave of the pandemic,
| demonstrated that the effect on upper Gl referrals was less than for lower Gl referrals. By
June 2020, upper Gl referrals had exceeded pre-pandemic levels, whereas it took until
October 2020 for lower Gl referrals to reach >90% of pre-pandemic levels. Similar trends
have also been seen nationally in another NHS trust.'¥” One of the difficulties in the diagnosis
of lower Gl cancer is that alarm symptoms are very non-specific.2* In addition, there are
other factors, including socioeconomic ones which lead to delayed presentation to health
services for lower Gl cancer. To improve awareness, public health campaigns, such as “Be

Clear on Cancer” have run in England, targeting higher risk groups with some success.*

Perhaps the most worrying trend was that there were decreases noted in the number of
cancers diagnoses and also in diagnostic procedure numbers, such as for endoscopy and CT
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colonography, which are key investigations for gastrointestinal cancers. Overall cancer
diagnoses reached >90% of the previous year’s level in August 2020, while by September
2020 OGD, colonoscopy and CTC had reached >90% of the previous year’s procedure
numbers. This means that a backlog of procedures and delayed diagnoses is likely to have
built up, potentially leading to worse patient outcomes.?>12! While CTC was touted as an
alternative to colonoscopy in the recovery phase of the pandemic, approximately 8 times as
many colonoscopies are performed per month compared to CTC, and it is unlikely there is
adequate capacity to significantly increase the number the CTCs currently being
performed.'* Indeed, the number of CTC procedures performed after March 2020 never
exceeded the number before March 2020, suggesting there may have already been capacity

constraints.

The pandemic also had an effect on bowel cancer screening programmes. Most notably,
bowel cancer screening flexible sigmoidoscopy (BowelScope) did not recover to pre-
pandemic levels by the end of the study period, coinciding with the national decision to
withdrawal of this service. However, for bowel cancer screening colonoscopy the numbers

of procedures performed had recovered to pre-pandemic levels by November 2020.

5.3.14 Limitations of Study

The major limitation of the study was related to data quality. There was a significant change
in the data collection method in the month of March 2019, when UCLH NHS Foundation Trust
changed from one electronic healthcare record system to another. Subsequently, this led to
changes in coding of procedures and diagnoses such as cancer and this may have led to
procedures or diagnoses being miscounted or not linked up appropriately. In addition, it was
unclear how the migration process of data worked from moving between the old and the
new system. As an example, the data for cancer diagnoses peaked in April 2019, at the time

of the system migration. This could suggest data was either migrated en bloc, leading to a
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spike of diagnoses or there was potential double counting where diagnoses before and after
healthcare system migration may have been counted twice. Furthermore, there were
possible issues with data quality and coding: as an example, 8.4% (156/1847) of cases were
coded as “bowel cancer” and hence it was not possible to be more precise with the
anatomical location of the patient’s cancer. Similarly, there may have been differences in
coding before and after system migration, and as a consequence some data from January to
February 2019 had to be deliberately excluded from my analyses due to concerns of

reliability.

In addition, during the pandemic, NHS England made a national contract with private
healthcare providers to provide care to patients requiring COVID-19 care, as well as for
urgent diagnostic tests and surgical operations.'® This means that a number of diagnostic
tests and operations may be missing in the data presented as it would have been contracted
out to external services. It is unlikely that these contracted out procedures would have been

retrospectively added back to hospital record systems and so be included in overall counts.

Finally, the raw data used within these analyses lacked granularity. As an example for cancer,
no data was available for stage of cancer at diagnosis. This data would have been especially
useful to assess if the pandemic led to later presentations of cancers. Moreover, data on key
events along the cancer pathway such as date of referral, date of investigation, date of
diagnosis and date of treatment would have helped to build a more complete picture of

potential delays affecting cancer diagnosis and care.

5.3.15 Conclusion

| have been able to use gastroenterology as a case example to demonstrate how severely
COVID-19 affected clinical services, especially within the early phase of the pandemic. Similar
trends are likely to have been replicated across different specialities within the hospital trust

and indeed other healthcare providers both in the UK and worldwide.
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5.4 Effect on Gastrointestinal Services Nationally

5.4.1 Introduction

Although in the previous section | was able to demonstrate the effect of the COVID-19
pandemic on local gastroenterology services, this effect would have been amplified
nationally and internationally. Perhaps the most significant impact was on endoscopic
services. This is because endoscopy has a prominent role in the diagnosis of gastrointestinal
cancers and are often the first line investigation. Delayed diagnosis for cancer is a particular
problem in the UK, where it lags behind other developed nations such as Australia and
Canada in survival.®? The key role for endoscopy was recognised by the BSG in late April as
it recommended restarting endoscopy services safely.’®® The disruption in endoscopic
services led to a reduction in the number of patients on colorectal cancer pathways and
significant decreases in the number of cancers detected at endoscopy.**>* Extrapolating
from a single centre, it was postulated that a 1 year restriction on endoscopic services could
lead to 28,800 undiagnosed gastrointestinal cancers and a 1.46 million endoscopic

procedural backlog.*>

5.4.2 Aims

The aims were to:

e Investigate the impact of the COVID-19 pandemic on endoscopy services in England
and calculate an estimate for the nationwide backlog of procedures.

e Present strategies to clear the potential endoscopy backlog related to the COVID-19
pandemic, including a temporary increase in capacity.

e Estimate the effect of a further reduction in endoscopy capacity on the overall

backlog secondary to a further pandemic.
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5.4.3 Methods

| analysed data from January 2018 to October 2020 from NHS England’s Monthly Diagnostic
Waiting Times and Activity data.’®! Further information on the dataset could be found in
chapter 4.4.2: NHS Diagnostics Waiting Times and Activity Dataset (DMO1). In brief, data on
the number of colonoscopies, flexible sigmoidoscopies, gastroscopies and total endoscopic
procedures performed in 126 English NHS trusts was available. This was further stratified by
urgency: planned/surveillance, unplanned (which includes inpatient and emergencies) and
waiting list (either GP or hospital referral). Notably, this dataset excludes colonoscopies
performed under the Bowel Cancer Screening Programme (BCSP) and flexible
sigmoidoscopies performed under BowelScope. Figure 5-8 shows a schematic of the analyses

performed.

NHS Diagnostic and
Waiting Times and
Activity Dataset

7 English NHS Trusts | |
Excluded

125 English NHS Trust]
Included

Procedural Data Waiting List Data

Estimation of Potential
Backlog

Recovery Scenarios

————

2. Further Lockdown
with Endoscopic
Capacity Decrease

1. Sustained Recovery
to Plateau

Figure 5-8: Schematic of data analysis performed.

Procedures performed in seven NHS trusts were excluded due to incomplete monthly data
(see chapter 4.4.2: NHS Diagnostics Waiting Times and Activity Dataset (DMO01)). Several NHS
trusts and NHS commissioning regions merged during the study period; pre-merger trusts
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and regions were aligned with their post-merger counterparts in the final analysis to ensure
consistency. The primary outcomes captured were the change in number of endoscopic
procedures compared to the same month in 2019 and an estimate of the backlog of
procedures associated with the pandemic. Secondary outcomes were to estimate the effect

of increasing capacity and a temporary reduction of capacity due to a further lockdown.

Note that the bulk of this work was performed at the end of 2020, hence data presented

here may appear outdated.

Statistical Analyses

Statistical analyses were performed using R software version 4.0.2.%3 Data was analysed on
a per month basis and | used the chi squared test to compare between the same month in
2019 and 2020 and Kruskal-Wallis test to compare the overall number of procedures
performed, the case mix for each individual procedure and also the number of procedures
performed in each region. A p-value of <0.05 was taken as significant, with Dunn’s test for

multiple comparisons.

For predicting the potential endoscopic backlog, | also created two simple linear regression
models; the first model employed data from January 2018 to January 2020 to calculate the
number of expected procedures in the absence of the pandemic, based on historical demand
(Table 5-6). The second model used data from April 2020 to October 2020 to estimate the
recovery of endoscopic capacity (Table 5-7). | calculated the potential backlog of procedures
by cumulating the difference between the two models | also altered parameters in the
second model to simulate different scenarios, including a sustained recovery to plateau at
different levels of capacity and a further reduction in endoscopic activity, | assumed these

scenarios occurred in December 2020 to ensure consistency for a single timepoint.
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Estimated Standard Error | Test statistic p-value
Effect of Estimated (t-test)
Effect
Intercept 38240.3 2071.3 18.46 <2.00 x 1016
Number of 103.7 58.1 1.79 0.076
months from
January 2018
Table 5-6: Linear regression model 1, estimating endoscopic demand in absence of COVID-
19.
Estimated Standard Error | Test statistic p-value
Effect of Estimated (t-test)
Effect
Intercept 403082 84776 -4.76 3.76 x 10*
Number of 6340 1284 4,94 2.72 x10*
months from
April 2020

Table 5-7: Linear regression mode 2, estimating endoscopic capacity recovery.
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5.4.4 Results
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Figure 5-9: Trends in number of endoscopy procedures from January 2018 to October 2020.
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Colonoscopy

2020 Planned/Surveillance Unscheduled Waiting List Total

Procedures Procedures Procedures Procedures
Jan 5,868 (13.5) 93.5 364 (0.8) 57.6 37,082 (85.6) 108.2 43,314 105.2
Feb 5,457 (13.2) 91.4 389 (0.9) 74.8 35,381 (85.8) 109.3 41,227 106.1
Mar | 4030 (12.5) 62.3 274 (0.9) 44.6 27,852 (86.6) 78.7 32,156 75.7
Apr | 488(15.1) 9.2 108 (3.3) 26.9 2,639 (81.6) 8.1 3,235 8.5
May | 393 (6.2) 6.7 277 (4.3) 60.7 5,701 (89.5) 16.7 6,371 15.8
Jun 1,190 (6.9) 20.1 384 (2.2) 86.7 15,644 (90.9) 47.2 17,218 43.6
Jul 1,897 (7.6) 31.8 546 (2.2) 130.0 22,627 (90.3) 63.0 25,070 59.3
Aug | 5 443(8.5) 42.7 493 (1.7) 70.4 25,933 (89.8) 73.7 28,869 69.4
Sep 3,603 (10.1) 61.4 570 (1.6) 137.7 31,590 (88.3) 92.0 35,763 88.1
Oct 4,467 (10.7) 69.8 616 (1.5) 132.2 36,579 (87.8) 94.3 41,662 91.3
Overall p<0.001
Flexible Sigmoidoscopy
Jan 2,878 (11.6) 91.0 1,222 (4.9) 80.1 20,747 (83.5) 100.1 24,847 97.8
Feb 2,610 (11.2) 91.7 1,098 (4.7) 92.0 19,501 (84.0) 103.7 23,209 101.6
Mar | 1879(10.8) 57.8 939 (5.6) 66.8 14,143 (83.6) 68.2 16,911 66.8
Apr 140 (8.8) 55 361 (22.6) 30.4 1,098 (68.7) 5.7 1,599 7.0
May | 149 (4.6) 55 728 (22.4) 55.3 2,376 (73.0) 12.0 3,253 13.6
Jun 394 (5.4) 14.1 965 (13.3) 84.9 5,875 (81.2) 30.4 7,234 31.1
Jul 732 (6.8) 26.5 1,204 (11.1) | 96.6 8,866 (82.1) 42.4 10,802 43.4
Aug 810 (6.7) 32.4 1,108 (9.1) 78.4 10,260 (84.3) 52.7 12,178 52.1
Sep 1,054 (7.1) 39.8 1,242 (8.4) 107.5 12,568 (84.6) 64.5 14,864 63.8
Oct 1,233 (7.6) 39.1 1,170 (7.2) 90.1 13,772 (85.1) 64.0 16,175 62.2
Overall p<0.001
Gastroscopy
Jan 6,111 (11.2) 95.9 3,711 (6.8) 94.8 44,797 (82.0) 104.0 54,619 102.4
Feb 5,709 (11.3) 92.1 3,270 (6.5) 94.8 41,622 (82.3) 105.1 50,601 102.7
Mar | 3887 (10.3) 59.2 3,038 (8.1) 77.6 30,800 (81.6) 70.9 37,725 70.0
Apr 507 (9.0) 9.3 1,501 (26.6) | 42.5 3,634 (64.4) 9.0 5,642 11.4
May | 314 (3.7) 49 2,464 (28.8) | 63.7 5,768 (67.5) 13.9 8,546 16.5
Jun 999 (5.2) 15.8 3,055 (15.9) | 87.3 15,155 (78.9) 37.5 19,209 38.3
Jul 1,676 (6.0) 26.4 3,531(12.7) | 91.0 22,703 (81.3) 51.0 27,910 51.0
Aug 2,100 (6.5) 38.1 3,269 (10.1) | 86.8 26,882 (83.4) 65.7 32,251 64.3
Sep 3,222 (7.6) 58.8 3,817 (9.1) 112.6 35,079 (83.3) 87.3 42,118 85.9
Oct 3,966 (8.3) 67.8 3,636 (7.6) 97.0 40,277 (84.1) 91.9 47,879 89.6

Overall p<0.001
All Procedures

Jan 14,857 (12.1) | 93.9 5,297 (4.3) 87.3 102,626 (83.6) | 104.7 122,780 | 102.4
Feb 13,776 (12.0) | 91.8 4,757 (4.1) 92.1 96,504 (83.9) 106.3 115,037 | 103.7
Mar | 9746 (11.2) 60.2 4,251 (4.9) 71.7 72,795 (83.9) 73.1 86,792 71.3
Apr 1,135 (10.8) 8.5 1,970 (18.8) | 385 7,371 (70.4) 8.0 10,476 9.5
May | g56(4.7) 5.7 3,469 (19.1) | 61.5 13,845 (76.2) 14.5 18,170 15.6
Jun 2,583 (5.9) 17.2 4,404 (10.1) | 86.7 36,674 (84.0) 39.5 43,661 38.7
Jul 4,305 (6.7) 28.6 5,281 (8.3) 95.2 54,196 (85.0) 53.5 63,782 52.3
Aug | 5353(7.3) 39.0 4,870 (6.6) 82.8 63,075 (86.1) 66.0 73,298 63.6
Sep 7,879 (8.5) 56.3 5,629 (6.1) 113.5 79,237 (85.4) 84.3 92,745 82.1
Oct 9,273 (10.0) 60.2 5,422 (5.8) 98.3 90,628 (97.7) 87.0 105,716 | 84.5

Overall p<0.001

Table 5-8: Number of endoscopy procedures, with percentages, compared to same month
in 2019, split by procedure type and scheduling type from January to October 2020.
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In 2018, a mean of 112,680 procedures were performed per month (Figure 5-9). This
increased to 116,538 in 2019, a 3.5% rise. The pandemic led to a sudden decrease, to a nadir
of 10,476 procedures performed in April 2020, 9.5% of the procedures performed in April
2019 (Table 5-8). There was a partial recovery, with 105,716 procedures in October 2020,
representing 84.5% of the procedures performed in October 2019. While individual
endoscopic procedures have all followed the same general trend of a sudden decrease
followed by a slow recovery, gastroscopies appeared least affected, with 5,642 procedures
completed in April 2020 (11.4% compared to April 2019), whereas only 1,599 flexible
sigmoidoscopies were completed (7.0% compared to April 2019). Individual procedures have
also recovered at different rates: in October 2020, flexible sigmoidoscopy was at 62.2% of
October 2019 levels, compared with 89.6% for gastroscopy and 91.3% for colonoscopy. The

trend was significant for all procedures (overall p=0.015).

Regional Effect

| also investigated whether there was any regional effect on the total number of procedures
performed (Table 5-9). East of England was the most affected region in April 2020,
performing 4.5% of the number of overall procedures compared to April 2019. In contrast,
the corresponding percentage for the Midlands, the least affected region, was 17.6% (X?
=0.813, p<0.001). Recovery has also differed between regions: by October 2020, North East
and Yorkshire had recovered least well (75.3% compared to October 2019), whereas East of
England recovered best, to 106.2% (X? =0.411, p<0.001). However, when analysing numbers
of procedures performed in each month from January to October 2020, there was no
statistically significant effect between different regions. This therefore suggests that the

COVID-19 pandemic led to similar patterns of decrease and recovery across regions.
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North East &

2020 East of England London Midlands Yorkshire North West South East South West

As % of As % of As % of As % of As % of As % of As % of

2019 2019 2019 2019 2019 2019 2019

n procedures | n procedures | n procedures | n procedures | n procedures | n procedures | n procedures

Jan 10,359 | 99.8 18,953 110.0 23,278 102.8 22,249 107.6 17,627 99.9 17,000 | 94.9 13,314 | 99.0
Feb 10,366 | 102.5 18,465 111.1 21,680 104.8 20,722 108.3 16,139 99.9 15,754 | 95.7 11,911 101.0
Mar 7,448 70.9 13,175 68.9 16,097 | 73.7 16,458 | 80.5 12,356 | 67.5 11,480 | 63.8 9,778 72.3
Apr 456 4.5 882 5.4 3,844 17.6 1,649 8.8 745 4.7 1,941 12.6 959 7.8
May 1,097 10.8 2,369 12.7 4,490 20.8 2,505 12.8 2,101 12.3 2,935 17.5 2,673 21.6
Jun 3,839 38.1 5,606 30.8 9,684 445 7,408 38.9 4,570 27.1 6,717 43.3 5,837 50.8
Jul 6,837 61.1 9,860 51.3 12,510 | 54.4 10,255 | 47.2 7,586 43.4 8,793 54.8 7,941 60.0
Aug 6,405 62.9 14,064 75.9 14,660 | 69.0 12,054 | 58.1 9,179 55.3 9,086 58.0 7,850 64.2
Sep 9,328 96.2 16,753 90.6 17,425 84.4 14,876 72.4 11,736 72.8 12,060 79.7 10,567 85.8
Oct 11,240 | 106.2 19,119 91.6 19,093 84.5 16,852 75.3 13,547 75.9 14,631 83.4 11,234 | 84.8
Overall p=0.0853 (ns)

Table 5-9: Endoscopic procedures from January to October 2020 by region.
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Case Mix

The pandemic also led to a different case mix of procedures being performed (Table 5-8).
There was an increase in the proportion of unscheduled procedures and a decrease in
planned/surveillance and waiting list procedures. This was most stark in the month of April
2020, where 3.3% of colonoscopies, 22.6% of flexible sigmoidoscopies and 26.6% of
gastroscopies were unscheduled, compared to 1.1%, 5.2% and 7.1% respectively in April
2019 (X2 =0.71, p<0.001). As endoscopy services started to recover, there has been a reversal
of this trend (Table 5-8). A further observation is that recovery for planned/surveillance
procedures is slower than waiting list procedures. For all procedures in April 2020,
planned/surveillance and waiting list procedures were at 8.5% and 8.0% of April 2019 levels.
However, in October 2020 planned/surveillance procedures were at 60.2% of October 2019
levels, compared with 87.0% for waiting list procedures. The differences between the
monthly proportions of unscheduled, planned/surveillance and waiting list procedures were

statistically significant for each individual endoscopic procedure (all p<0.001).
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Waiting List
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Figure 5-10: Number of patients on procedure waiting list at the end of the month from
January 2018 to October 2020.

Figure 5-10 demonstrates the number of patients on the waiting list at the end of each month
for each endoscopic procedure. There was a marked increase in the patients on the overall
waiting list since March 2020, increasing from 102,891 patients to a peak of 177,557 patients
in September 2020 (72.6% increase). However, it appears that this had started to fall in

October 2020.
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5.4.5 Future Projections for Potential Strategies and Solutions

Scenario 1 — Sustained recovery to a plateau

At the time of analysis in the end of 2020, | created five hypothetical scenarios whereby
endoscopic capacity would recover at a steady rate based on the current trajectory, until
plateauing at a fixed capacity. These were set at 90%, 100%, 110%, 120% and 130% of what
would be expected capacity in the absence of COVID-19. These states would be reached
between October 2020 and April 2021 depending on procedure and capacity level (Table
5-10). For colonoscopy, flexible sigmoidoscopy and gastroscopy, | estimated there would be
a residual backlog of 162,735 (95% Cl: 143,775-181,695), 119,025 (95% Cl: 417,398-130,651)
and 194,087 (95% Cl: 172,564-215,611) procedures respectively attributable to the
pandemic, prior to recovery at 100% capacity (Figure 5-11, Figure 5-12 and Figure 5-13).
Importantly, this backlog would remain long term unless there was additional intervention.
Even if capacity could be increased to 130%, it would take until November 2021, June 2022
and December 2021 to catch up with the pandemic associated backlog for colonoscopy,
flexible sigmoidoscopy and gastroscopy respectively. Conversely, recovery to only 90%
capacity would have added an additional 4,551 (95% Cl: 4,249-4,852) colonoscopies, 2,453
(95% Cl: 2,259-2,646) flexible sigmoidoscopies and 5,213 (95% Cl: 4,871-5,555) gastroscopies
per month to the backlog, with these figures increasing in line with the background upward

trend in demand.

Capacity Level Colonoscopy Flexi Sigmoidoscopy | Gastroscopy
90% October 2020 December 2020 October 2020
100% November 2020 January 2021 November 2020
110% December 2020 February 2021 December 2020
120% December 2020 March 2021 December 2020
130% January 2021 April 2021 January 2021

Table 5-10: Expected month and year when different capacity levels under scenario 1 are
reached.
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Colonoscopy

300,000 4
200,000
100,000
@
£
-100,000
-200,000 4
Jul-20 Jan-21 Jul-21 Jan-22 Jul-22 Jan-23
Month and Year
90% Capacity 100% Capacity — 110% Capacity — 120% Capacity 130% Capacity
Capacity Backlog in Jan 2021 Backlog in Jan 2022 Backlog in Jan 2023
Level n (95%Cl) n (95%Cl) n (95%Cl)
90% 176,387 (156,522- 233,239 (208,668- 293,682 (262,641-
196,251) 257,809) 324,723)
100% 162,735 (143,775- 162,735 (143,775- 162,735 (143,775-
181,695) 181,695) 181,695)
110% 149,736 (132,568- 92,884 (80,422-105,347) | 32,441 (26,450-38,433)
166,904)
120% 140,610 (124,057- 26,906 (19,764-34,048) Backlog Cleared
157,163)
130% 134,880 (119,927- Backlog Cleared Backlog Cleared
149,833)

Figure 5-11: Estimation of colonoscopy procedural backlog over time based on current
trajectory before reaching a plateau at a set capacity level, with estimated backlog in

January 2021, January 2022 and January 2023 shown in sub-table.
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Flexible Sigmoidoscopy
150,000
100,000 7
M
2 50,0001
0
-50,000
Jul-20 Jan-21 Jul-21 Jan-22 Jul-22 Jan-23
Maonth and Year
90% Capacity 100% Capacity — 110% Capacity —— 120% Capacity 130% Capacity
Capacity Backlog in Jan 2021 Backlog in Jan 2022 Backlog in Jan 2023
Level n (95%Cl) n (95%Cl) n (95%Cl)
90% 121,689 (109,219- 151,362 (135,867- 181,425 (161,768-
134,158) 166,858) 201,082)
100% 119,025 (107,398- 119,025 (107,398- 119,025 (107,398-
130,651) 130,651) 130,651)
110% 118,727 (107,888- 89,054 (81,240-96,868) 58,991 (55,339-62,644)
129,567)
120% 118,727 (107,888- 61,459 (57,386-65,532) 1,334 (-2,916-5,583)
129,567)
130% 118,727 (107,888- 36,247 (35,823-36,670) Backlog Cleared
129,567)

Figure 5-12: Estimation of flexible sigmoidoscopy procedural backlog over time based on
current trajectory before reaching a plateau at a set capacity level, with estimated backlog
in January 2021, January 2022 and January 2023 shown in sub-table.
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Gastroscopy
200,000
@
£
0
-200,000 4
Jul-20 Jan-21 Jul-21 Jan-22 Jul-22 Jan-23
Maonth and Year

90% Capacity 100% Capacity — 110% Capacity — 120% Capacity 130% Capacity

Capacity Backlog in Jan 2021 Backlog in Jan 2022 Backlog in Jan 2023

Level n (95%Cl) n (95%Cl) n (95%Cl)

90% 209,726 (187,175- 272,619 (244,727- 336,055 (300,817-
232,276) 300,511) 371,293)

100% 194,087 (172,564- 194,087 (172,564- 194,087 (172,564-
215,611) 215,611) 215,611)

110% 179,969 (159,894- 117,076 (102,343- 53,640 (46,252-61,028)
200,045) 131,810)

120% 169,540 (150,163- 43,754 (35,060-52,447) Backlog Cleared
188,917)

130% 163,709 (145,442- Backlog Cleared Backlog Cleared
181,976)

Figure 5-13: Estimation of gastroscopy procedural backlog over time based on current
trajectory before reaching a plateau at a set capacity level, with estimated backlog in

January 2021, January 2022 and January 2023 shown in sub-table.
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Scenario 2 — Further lockdown with reduction of endoscopic activity

| created five hypothetical scenarios where there would be a sudden decrease in performed

procedures before a slow recovery, returning to 100% capacity, mimicking the pattern seen

early on in the pandemic. This ranged from a drop to 60% capacity for 2-month lockdown to

20% capacity for a 6-month lockdown, which overall would represent a less severe slowdown

in services, with units having learnt from their previous experience and improved

contingency planning (also see Table 5-11).

Capacity 2-month 3-month 4-month 5-month 6-month
lockdown lockdown lockdown lockdown lockdown
Dec-2020 60% 50% 40% 30% 20%
Jan-2021 80% 60% 50% 40% 30%
Feb-2021 100% 80% 60% 50% 40%
Mar-2021 100% 100% 80% 60% 50%
Apr-2021 100% 100% 100% 80% 60%
May-2021 100% 100% 100% 100% 80%

Table 5-11: Hypothetical scenarios of reduction of endoscopy capacity, secondary to a
further lockdown.

| estimated that a 2-month lockdown could add an additional 15% (73,359 cases) to the total

backlog, while 4-month and 6-month lockdowns could add 44% (208,269 cases) and 83%

(392,796 cases) to the total backlog (Table 5-12).
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Colonoscopy Flexible Sigmoidoscopy Gastroscopy Total

Months Estimated % of Estimated % of Estimated % of Estimated % of

of additional potential | additional potential | additional potential | additional potential

reduced procedures backlog | procedures backlog | procedures backlog | procedures backlog

activity (95%Cl) (95%Cl) (95%Cl) (95%Cl)

2 27,354 16.8 14,721 12.4 31,284 16.1 73,359 15.4
(25,521-29,187) (13,542-15,899) (29,204-33,365) (68,404-78,314)

3 50,257 30.9 26,999 22.7 57,371 29.6 134,627 28.3
(46,844-53,669) (24,805-29,194) (53,498-61,245) (125,403-143,852)

4 77,835 47.8 41,744 35.1 88,690 45.7 208,269 43.8
(72,482-83,188) (38,302-45,187) (82,613-94,766) (193,797-222,740)

5 110,113 67.7 58,958 49.5 125,243 64.5 294,315 61.9
(102,446-117,781) (54,027-63,889) (116,539-133,948) (273,586-315,043)

6 147,117 90.4 78,643 66.1 167,037 86.1 392,796 82.5
(136,749-157,485) (71,975-85,310) (155,267-178,806) (364,768-420,825)

Table 5-12: Estimated number of additional procedures added to the backlog, and also percentage of total potential backlog (denominator: colonoscopy:

162,735; flexible sigmoidoscopy: 119,025; gastroscopy: 194,087; total: 475,847) secondary to a further reduction of endoscopic activity.
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5.4.6 Discussion

In this analysis, | demonstrated that there is an urgent gap in endoscopy service provision as
an indirect effect of the COVID-19 pandemic. The pandemic directly led to a decrease in the
number of endoscopic procedures performed, with a partial recovery as COVID-19 infections
and hospitalisations started to fall. Furthermore, potential solutions are challenging even if

above normal capacity could be achieved.

Endoscopic activity was at its lowest in April 2020, decreasing to 9.5% of procedures
compared to April 2019. | also noted regional differences in endoscopy provision as well as
changes in the case mix of procedures. A similar overall pattern was seen in the NED
database, which recorded the trough in the week beginning 30 March 2020, although no
regional differences were seen.’® This is likely because the NED analysis only included data

until the end of May and regional differences may not have been apparent then.

As a comparison, a national study from the Netherlands, which entered a nationwide
lockdown on 12 March 2020, demonstrated a drop to 29% for colonoscopy and 37% for
gastroscopy when comparing between January and April 2020.2°® Meanwhile, a global web
based survey carried out between April and May 2020 covering 252 centres from 55
countries suggested an average of 83% reduction when comparing activity between baseline
and during the COVID-19 pandemic.’® These results would suggest that endoscopy in
England was impacted to a greater degree compared to other countries around the world,
even though there was broad consensus among worldwide guidelines.’® A host of reasons,
ranging from decision making at local level, lack of referral for colonoscopy, understandable
hesitancy at accessing cancer services to preserving personal protective equipment (PPE),
staff redeployment and staff sickness with COVID-19 may have been the cause of this

difference.>160
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My analysis also demonstrated that recovery of endoscopy services from the 15 wave of the
COVID-19 pandemic was somewhat slow and that there were some significant inter-regional
differences. From the peak of the pandemic in April 2020, waiting lists started to fall but
approximately 50% more patients were on the list in October 2020 compared to a year ago.
Meanwhile, capacity in the same month remained at 84.5% compared to a year ago, with a
slower recovery for planned/surveillance procedures (60% of October 2019 levels) compared
to waiting list procedures (87% of October 2019 levels). In addition, there was near
normalisation of unscheduled procedures by June 2020 (87% of June 2019), which was faster
than planned/surveillance procedures and waiting list procedures. This may have been a
manifestation of altered health behaviour during the first peak of the pandemic, with
delayed presentation of medical conditions subsequently leading to emergency
complications.'®® In addition, COVID-19 led to excess all-cause mortality worldwide.'®* This
could have influenced the recovery of endoscopic procedures, as this may have led to
reduced demand due to potential patients dying early or becoming too unwell for

investigation.

These findings demonstrated the need for a targeted approach regionally to aid recovery
with appropriate resource allocation, with attention also placed on planned/surveillance

procedures to ensure their recovery did not lag too far behind waitlist procedures.

Endoscopy services also faced further challenges in increasing capacity back to pre-pandemic
levels. Staffing was a major concern: redeployment, staff absence due to self-isolation or
shielding and additional administrative burden due to COVID-19 mitigation measures such
as telephone triaging and pre-procedural SARS-CoV-2 testing all created additional barriers
in service recovery.®%2 |n addition, the requirement for PPE, especially with gastroscopy,

which is an aerosol-generating procedure and infection control measures such as deep
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cleaning and leaving a time gap between procedures all led to decreased room utilisation

and efficiency.15%163

My work on future projections, based on extrapolation of historical pre-pandemic demand,
also demonstrated that potentially there may be a backlog of nearly half a million endoscopic
procedures attributable to the pandemic. | also quantified the scale of the challenge faced in
the recovery phase: if only 90% capacity was reached, which may have been realistic given
the constraints of performing endoscopy, each month will have added an additional 12,217
endoscopic procedures to the potential backlog. Furthermore, with a further surge in COVID-
19 cases, such as during a 2" wave of infection, a short 2-month disruption could have added

an additional 73,359 cases to the potential backlog.

5.4.7 Tackling the Backlog

During the pandemic several strategies was used nationwide to tackle the backlog:

Private Sector

One option was to use the private sector to provide this additional capacity for a short period,
or to create additional capacity during evenings and weekends. However, a UK study from
2017 showed only 55% of endoscopy units were meeting cancer wait targets, with shortages
of endoscopists and nursing staff cited as reasons for missing the target.'®* 82% of English
NHS trusts already performed ad-hoc weekend work, hence ability to increase capacity

further for a sustained period was likely not to have been practicable.'®*

Reallocation of Resources

Temporary increases in waiting list and unscheduled capacity could have been achieved by
reducing cancer screening programmes and reallocating this capacity. As an example, it was
expected for BowelScope to have performed 256,000 flexible sigmoidoscopies in 2020.1°

Reallocating this capacity would have created an additional 87% capacity per month.
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However, this decision needed to be balanced against the risk of an overall increase in
preventable deaths.’®® Furthermore, the latest BSG guidelines for post-polypectomy
surveillance suggested that adoption would lead to decrease to 20% of the level of polyp
surveillance workload in 2019.%%7 10.4% of colonoscopies in a Dutch series had an indication
of adenoma surveillance, so theoretically adherence to these guidelines could have
generated an extra 8.3% of capacity.'®® In the end, BowelScope was discontinued in early

2021, although bowel cancer screening colonoscopies are still performed today.

Improving Triaging of Referrals

Enhanced vetting of referrals was employed in 77% of recovery plans and has helped to
reduce demand.’®” One such example is the Edinburgh Dysphagia Score to triage upper Gl
referrals, which was also included in guidance published by the British Society of

Gastroenterology.16%169-171

Alternatives to Endoscopy

An alternative to colonoscopy was to use CT colonography (CTC) instead. Advantages of CTC
include decreased PPE use, improved ability to socially distance compared to colonoscopy
and also a shorter patient visit time.”?> However, ensuring there was adequate CT capacity
and expertise to perform and report the procedures were barriers to implementation.!”?

Indeed, local data at UCLH did not see an appreciable increment in the use of CTC as an

alternative to colonoscopy in the recovery phase of the pandemic.

Other touted alternatives included Cytosponge and colon capsule endoscopy in lieu of
gastroscopy and colonoscopy, although neither were used in routine clinical practice, and

never gained widespread adoption.t’#17>

Page 140 of 287



Chapter 5: Effect of COVID-19 on Gastrointestinal Services

Wider Implications

The challenges faced during the COVID-19 pandemic was not unique to gastroenterology.
Other procedure-heavy specialties such as cardiology and surgery also faced similar
challenges.’®'77 Of particular concern was the impact on cancer waiting lists and pathways;
it was estimated that diagnostic delays may lead to a 16% increase in colorectal cancer
deaths and 5.9% increase in oesophageal cancer deaths over 5 years.'?® Four years on from
the peak of the pandemic, latest data suggest there are some 7.6 million people on the

national waiting list, with 40.9% waiting for more than 18 weeks for treatment.?’®

5.4.8 Limitations

In this analysis, | assumed that endoscopy will eventually return to pre-pandemic levels of
practice and demand, and that over time referral patterns will even out back to pre-
pandemic trends. This does not appear to have been the case and nationwide waiting lists
have yet to demonstrate sustained decreases since the onset of the pandemic.?’® Beside the
direct impact of the pandemic on disruption of healthcare services, the effects of altered
health behaviour leading to delayed presentation of medical conditions may still be ongoing,

contributing to rising waiting lists despite recovery of services post pandemic.'*3

Secondly, this study excluded endoscopic retrograde cholangio-pancreatographies (ERCP),
although local data from UCLH did not suggest significant decreases due to the pandemic.
The data also did not include procedures performed as part of the BCSP and BowelScope,
which were suspended at the height of the pandemic. Additionally, data on the number of
referrals to endoscopy was not available, which would have been a better measure of
demand. Finally, although data on the number of patients on the waiting list was available
per procedure, this only provided a snapshot of the number of people at the end of a month
at a given time point, and also excluded unscheduled or planned/surveillance procedures,

hence it was not used as a surrogate for referrals.
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5.4.9 Conclusion

This work demonstrated the enormous strain the COVID-19 pandemic placed on NHS
endoscopy in England, which is still being felt at present. Unfortunately, there are no simple
solutions, but innovative ways of managing demand may be a way forward, as | will discuss

in Chapter 6: Creating a Risk Prediction Model.

5.4.10 Media Interest

The publication in the Lancet Gastroenterology and Hepatology also generated some media
interest. This included being featured as an exclusive article in the i newspaper as well as
several press releases (Figure 5-14). Press releases were published on websites of UCL, Bowel

Cancer UK and DATA-CAN, part of Health Data Research UK.
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diagnosing gastrointestinal cancers and diseases”, has built up during
the COVID-19 pandemic, finds a new analysis of NHS England data led
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Research by University College London in partnership with DATA-CAN on the
huge backlog in endoscopy services due to the COVID-19 pandemic has been
published in the Lancet Gastroenterology and Heptology Journal

Figure 5-14: Clockwise from top left: article in the i newspaper; press release on Bowel
Cancer UK website; press release on DATA-CAN website, part of Health Data Research UK;

press release on UCL website
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5.5 Comparison between local and national data: endoscopic procedures

for UCLH

During research for this chapter, | had access to endoscopy procedure data for UCLH, both
from the local data analytics department and nationally via the NHS England’s Diagnostics
Waiting Times and Activity dataset. | therefore compared the two sets of data between
January 2020 to November 2020 to see what differences there may be (Table 5-13). This
period was specifically chosen due to data availability reasons and also coincided with the

UK’s first lockdown.

Colonoscopy Flexible Sigmoidoscopy Gastroscopy
Month | UCLH NHS % Diff | UCLH NHS % Diff | UCLH NHS % Diff
Jan-20 | 515 454 11.8 236 239 -1.3 632 51 91.9
Feb-20 | 517 454 12.2 196 196 0.0 598 43 92.8
Mar-20 | 309 270 12.6 123 126 2.4 379 33 91.3
Apr-20 | 23 11 52.2 9 12 -33.3 72 10 86.1
May-20 | 83 72 13.3 29 31 -6.9 162 13 92.0
Jun-20 | 189 150 20.6 62 59 4.8 264 14 94.7
Jul-20 | 349 335 4.0 105 101 3.8 438 28 93.6
Aug-20 | 419 397 5.3 124 123 0.8 415 412 0.7
Sep-20 | 509 456 10.4 123 124 -0.8 570 548 3.9
Oct-20 | 568 507 10.7 109 113 3.7 475 442 6.9
Nov-20 | 497 433 12.9 109 105 3.7 488 458 6.1

Table 5-13: Number of colonoscopy, flexible sigmoidoscopy and gastroscopy procedures
documented on the UCLH local database and NHS England’s Diagnostics Waiting Times and
Activity dataset.

% Diff = percentage difference, calculated with the UCLH figure as the denominator

Some discrepancies were noted between the two datasets. The UCLH dataset consistently
recorded a higher number of procedures performed compared to the NHS England dataset
for colonoscopies and gastroscopies. This was more variable for flexible sigmoidoscopies,
where conversely for 6 out of 11 months the NHS England dataset recorded a higher number
of procedures performed compared to the UCLH dataset. The greatest discrepancy appeared
in the number of gastroscopies performed, where between the months of January to July

2020 the UCLH dataset figure was at least 85% greater than the figure recorded from NHS
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England. However, across all three procedure types, the percentage difference after August

2020 was less pronounced, with a maximum of 12.9% for colonoscopies in November 2020.

There could be several explanations for the discrepancies between the two datasets. As
mentioned previously, procedures performed under the BCSP would not be recorded on the
NHS England dataset. In addition, there may be additional therapeutic procedures, such as
planned polypectomy or oesophageal stent insertion that may not be recorded. It would also
appear that gastroscopy data from January to July 2020 may have had some quality issues
given that large percentage differences was observed. It is likely there was an issue with
coding of performed procedures which could have affected the integrity of the NHS England
data, hence NHS England data presented is likely to be an underrepresentation of actual

endoscopy activity at UCLH, and possibly nationwide too.

5.6 Chapter Conclusions

In this chapter, | have described some of the changes to gastrointestinal services both at a
local and national level because of the COVID-19 pandemic. | have demonstrated some of
the advantages of local level data, such as having greater access to specific data requests and
having the option of delving into patient’s record to understand more about individual
circumstances. However, some procedure numbers were relatively low making it difficult to
draw meaningful conclusions. In addition, | have demonstrated some of the data quality

issues that | encountered, and provided possible explanations.
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Chapter 6: Creating a Risk Prediction Model

Contents of this chapter have previously been presented and published as detailed below:

Presentations
Ho KMA, Rosenfeld A, Hogan A, et al. Development and validation of a multivariable risk
factor questionnaire to detect oesophageal cancer in 2-week wait patients. Clin Res Hepatol

Gastroenterol 2023; 47: 102087.°

Publications
Ho KMA, Rosenfeld A, Hogan A, et al. 05 Using machine learning to develop models for the

prediction of upper gastrointestinal cancers. Gut 2022; 71(S1): A3.12

e Presented at British Society of Gastroenterology (BSG) Annual Meeting, Birmingham,
UK (oral presentation).

e Awarded “Best Oesophageal Oral Presentation” at the conference.

Ho KMA, Rosenfeld A, Hogan A, et al. P105 Validation of a machine learning model in a

prospective cohort: the RISQ study. Gut 2022; 71(S1): A92—-A92.13
e Presented at BSG Annual Meeting, Birmingham, UK (poster presentation).

Ho KMA, Rosenfeld A, Hogan A, et al. PTH-72 A symptom and risk factor questionnaire
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e Presented at United European Gastroenterology Week 2021, virtual (poster
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6.1 Chapter Introduction

The previous chapter (Chapter 5: Effect of COVID-19 on Gastrointestinal Services)
demonstrated the effect of the COVID-19 pandemic on the provision of gastroenterology
services. In this and the next chapter | will explore some of the solutions that could be
employed in tackling endoscopic backlogs. This includes creating a novel risk prediction

model which could be used to triage upper gastrointestinal (UGI) endoscopy referrals.

6.2 Background

6.2.1 The Clinical Problem

As discussed in preceding chapters, oesophageal cancer represents the seventh most
common cause of cancer morbidity and the sixth most common cause of cancer-related
death worldwide.!” There are two major histological subtypes: oesophageal squamous cell
carcinoma (OSCC) and oesophageal adenocarcinoma (OAC). OSCC comprises 90% of
oesophageal cancer cases worldwide and is predominantly found in Central Asia, East Asia
and East Africa. Conversely, OAC make up the remainder but is the dominant histological
subtype in the Western world, including the United Kingdom (UK).2%2%*31 Crucially,
oesophageal cancer is often diagnosed late; in the United Kingdom 48% of cases with
available staging information are diagnosed at stage IV, while 10-year survival stands at 12%,
significantly worse than other cancer types.'®?3 Although gastro oesophageal junction (GOJ)
cancers represent a heterogenous entity, they have common risk factors with oesophageal
cancers. As such, historically they have been included in studies with oesophageal cancer.!’®
However, improving early detection of cancer remains challenging due to cancer growth

characteristics.

While upper gastrointestinal (UGI) endoscopy remains the gold standard in the diagnosis of
oesophageal and GOJ cancers, it is expensive, uncomfortable for the patient and has a low
yield for cancer.’® A UK series of over 580,000 patients demonstrated that only 2.1% of

Page 147 of 287



Chapter 6: Creating a Risk Prediction Model

patients undergoing UGI endoscopy were subsequently found to have cancer, while other
serious pathology such as peptic ulceration were found in a further 11.6%.28° These figures
suggest that better selection of patients who are likely to develop oesophageal cancer could
help to prioritise higher risk patients, better manage demand for endoscopy and improve

overall patient experience.

Several research groups have created scoring systems to try to improve detection of
oesophageal cancer. The Edinburgh Dysphagia Scale (EDS) categorises patients into low or
high risk for groups using a combination of both patient characteristics and symptoms. In a
validation cohort it achieved a sensitivity of 98.4% but specificity was low at 9.3%.'%%'" This
would potentially imply that a large proportion of normal or benign cases would go on to

have an endoscopy before yielding a cancer case.

Increasingly, machine learning (ML) methods, which apply mathematical approaches to
generating computerised algorithms, have been used to develop triaging models, which
could optimise use of resources. These models can calculate an individual’s risk of having a
disease.'® Our group previously used an ML approach to develop a risk prediction model for
Barrett’s oesophagus with the aim of improving selection of patients who should be referred
for UGI endoscopy for confirmation.'®! Similar approaches have been used in acute UGI
bleeding for risk stratification and it even outperformed standard of care clinical scoring

systems. 182

6.2.2 COVID-19 Pandemic

In Chapter 5:Effect of COVID-19 on Gastrointestinal Services, | demonstrated that as a result
of the COVID-19 pandemic there was an estimated procedural backlog of nearly half a million
endoscopic procedures in England.® In addition, during the first 6-months of the pandemic
there were decreases in pathological diagnoses of Barrett’s oesophagus and OAC.*®3 There is

potential for worse patient outcomes as a direct consequence of delayed diagnosis due to
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the disruption of endoscopy services, on top of the already poor patient outcomes for
oesophageal cancer. Modelling studies have demonstrated that disruption to National
Health Service (NHS) cancer pathways could lead to excess deaths and life years lost due to

delays in diagnosis.'2%121

During the COVID-19 pandemic, many health systems globally became overwhelmed, with
an urgent need to reconfigure health delivery systems and prioritise those who were
sickest.'® There was significant reconfiguration of NHS services and as part of this guidance
was issued by the British Society of Gastroenterology (BSG) in March 2020 during the first
wave of the COVID-19 pandemic, where all non-emergency endoscopy was recommended
to be halted.!* There was a further recommendation of case by case triaging of cases.
However at the initial outset, likely due to emergent nature of the situation, no overt
recommendation was made as to which triaging tools should be used. Subsequent to this,
the BSG published further guidance in April 2020 during the deceleration and early recovery
phase of the first wave of the pandemic where it recommended “re-triage and prioritisation”

by senior decision makers. In particular, for UGI endoscopy, it had the following guidance:!*3

e Dysphagia: patients who were referred for dysphagia should have this verified by a
clinician at triage and be assessed with the Edinburgh Dysphagia Score (Table
6-1).189171 patients who scored >3.5 were recommended for urgent UGI endoscopy
if appropriate and fit.

e Dyspepsia: patients who were >55 years old and with new dyspepsia (symptom
duration of <6 months) and either weight loss or anaemia should be referred to

urgent UGI endoscopy when COVID-19 restrictions were lifted.
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Factor Points
Age Group

0-39 0
40-49 4
50-59 5
60-69 6
70-79 7
80-89 8
90-99 9
Weight Loss

<3kg 0
>3kg 2
Duration of Symptoms

<6 months 0
26 months -1.5
Sex

Male 0
Female -1
Localisation of Dysphagia

Anywhere except neck 0
Neck -2
Acid Reflux

Absent 0
Present -1
Total score obtained by addition of points in each category
Total score 23-5 identifies high-risk patients

Table 6-1: Edinburgh Dysphagia Score®917!
Other patients, such as for Barrett’s surveillance, or for dysphagia or dyspepsia symptoms
that did not meet the criteria either were recommended to undergo alternative

investigations, such as computerised tomography (CT) scanning or were to have their

investigation deferred.

As mentioned above, BSG guidance during the first wave of COVID-19 recommended the use
of the Edinburgh Dysphagia Score (EDS) for triaging. However, the score is focussed on the
detection of oesophageal cancer.'®"! This additional recommendation is not found in
National Institute for Health and Care Excellence (NICE) upper gastrointestinal (UGI) cancer
referral guidelines, which primarily relies on alarm features to guide referral from primary to

secondary care.’® This is perhaps not surprising as alarm features alone are very non-specific
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for the presence of UGI cancers within a population cohort, with a positive predictive value

(PPV) of 0.1%.%

In contrast, a diagnostic scoring system was not recommended for dyspepsia, although
guestionnaires such as the gastro oesophageal reflux disease (GORD) questionnaire (GERQ)
and the GORD impact scale do exist and were initially designed for diagnosing and assessing
GORD.1*187 Fyrthermore, apart from the EDS, other scoring systems have been developed
to predict incident cases of OAC or GOJ adenocarcinoma. These scoring systems were
derived using regression based techniques and were validated by Rubenstein et al. in a head

188-

to head analysis.'® 1% Rubenstein et al. demonstrated that in particular the Kunzmann tool,

developed on the prospective UK Biobank cohort, outperformed GORD alone and two other

tools in predicting the development of cancer.!88193

Other scoring systems include one derived by Hippisley-Cox et al. This used Cox proportional
hazard models to develop an eight variable algorithm to predict risk of developing gastro-
oesophageal cancers within 2 years, based on primary care data.!®® The model contained
features including age of patient, one lifestyle factor (smoking), five currently experienced
symptoms (presence of dysphagia, abdominal pain, loss of appetite haematemesis and
weight loss) as well as one laboratory parameter (anaemia, defined as a haemoglobin of
<110g/L within the past year).'®* Within the validation cohort, setting a cut off for the top
10% for risk would equate to a sensitivity of 76.5%, specificity of 91.0%, positive predictive
value (PPV) of 1.2% and negative predictive value (NPV) of 100%. Although this model
performed better than alarm features alone with a 10-fold increase in PPV, this would still
mean at the top 10% risk threshold over 20% of eventual cancers would be initially

misclassified as negative.
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6.2.3 Model Development
For the risk stratification model, | wanted to focus on finding cases of cancer, especially in
times of increased demand and reduced resources in the aftermath of the pandemic. In an

ideal scenario, | would envisage the tool to target the following:

e Population — patients referred to secondary care under a 2ww pathway

e Intervention — tool would classify patients into lower or higher risk groups, with
higher risk groups prioritised for investigations (i.e. stratification of patients),
especially at a time of resource constraints

e Comparator —standard of care, where all patients are referred under the same time
frame

e Qutcome — assessment of whether overall outcomes such as time to diagnosis and
cancer stage at diagnosis (early versus late stage) differ between lower and higher

risk groups and standard of care

Notably, the tool may need adaptation to the population in more normal times where there
are less resource constraints; this could be through adjustment for cut-offs for risk

categories.

6.3 Questionnaire Approach

| was interested to assess if whether using a novel machine learning approach | could
improve on the accuracy of patients being referred to endoscopy. A questionnaire-based
approach, which could be completed by patients in advance of their appointment with their
doctor, either on an electronic device or on paper while awaiting their appointment, could
give additional information for the doctor during the consultation and further inform clinical

decision making.
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6.3.1 Aims

The overall aim was to use a machine learning approach to train, test and then independently
validate a risk stratification tool which could be used to predict the risk of detecting
oesophageal and GOJ cancers in unselected patients referred through the NHS 2-week wait
(2ww) suspected UGI cancer pathway. In addition, | aimed to trial the tool in a limited
number of patients with gastric cancer, as both cohorts of patients require the same

endoscopic investigation for diagnosis, to assess whether its remit could be expanded.

6.3.2 Methods

Participant Selection and Dataset Description

Patients were selected from two separate prospective cross-sectional studies; the Saliva to
Predict risk of disease using Transcriptomics and epigenetics (SPIT) study (ISRCTN: 11921553)
and predicting RIsk of diSease using detailed Questionnaires (RISQ) study (ISRCTN:
74930639). Both of these studies have been introduced earlier in Chapter 4: Datasets and

Data Curation.

For the SPIT study, participants were recruited from those referred for UGI endoscopy
through the NHS 2ww suspected UGI cancer pathway from 19 UK hospitals between
September 2017 and May 2022. Major inclusion criteria were age over 18 and ability to
provide informed consent. Exclusion criterion was pregnancy. For the RISQ study,
participants were recruited from 2 UK hospitals between January 2020 and May 2022 using
identical inclusion and exclusion criteria. Patients in both studies completed a symptom and
risk factor questionnaire either independently or with support from a research nurse

immediately before undergoing diagnostic endoscopy.

The SPIT study questionnaire consisted of 209 questions; it was multidimensional with

different domains that are known to impact disease risk (Table 6-2). Major symptoms for
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oesophageal cancer such as dysphagia, odynophagia and weight loss were included.®
Questions on duration and severity of acid reflux symptoms were adapted from both the
gastro oesophageal reflux disease (GORD) impact scale and GORD questionnaire.}1419197 Qur
research group included wider questions on medication use, food intake, anxiety and
depression, loneliness and local engagement, as these have been found to affect health
outcomes. In particular, | was interested to see if these factors may add additional richness

to any generated models, 19820

It is important to note that patients recruited within both the SPIT and RISQ studies
comprised of a subset of the population of patients who could potentially have cancer. The
studies only included patients who were referred to secondary care under a 2ww pathway.
This means that patients who did not present to primary care, either because they are
asymptomatic or they choose not to seek medical care and patients not referred to
secondary care would have automatically been excluded. Furthermore, patients who did not
consent to the study and recruited patients with missing data would have also not been
represented in final analyses, although their overall impact on the results would have been

less.
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Question Group Number of Questions Number of Questions
(SPIT) (RISQ)

Personal Questions 8 2
Dental Health 9

Heartburn/Acid Reflux 55 4
Dysphagia 8 3
Unexplained Weight Loss 4 2
Nausea and Vomiting 6

Smoking History 14 1
Alcohol 9

Obesity 4

Diet 19 1
Physical Exercise 6

Family History 12 1
Mental Wellbeing 14 1
Medical History 26 1
General Questions 15 1

Table 6-2: Breakdown of questions in each group for SPIT and RISQ, questionnaires.

Our research group used existing validated questionnaires in several sections of the
questionnaire, including the Hospital Anxiety and Depression Score (HADS), the University of

California Los Angeles (UCLA) 3 item loneliness scale and the dysphagia score by Mellow and

Pinkas 128,201,202

The RISQ questionnaire was a shortened version of the SPIT questionnaire with 17 questions
(Table 6-2). The derivation of the RISQ questionnaire was from my work presented within
this chapter (6.3.3 Results: Selection of Features). Subsequent endoscopic and histological
results were linked to the patient’s questionnaire responses. As participants underwent
endoscopic investigation as part of their routine care, endoscopists and histopathologists
were both blinded to questionnaire responses. Questionnaires and outcomes were recorded

using a bespoke electronic software programme (TrialSense, London, UK).

Data Handling
All data handling and analysis was completed using R software version 4.1.2 (R Core Team,
Vienna, Austria).”® Prior to data analysis the dataset was manually cleaned for data input

issues and errors. | excluded any fields which had greater than 20% of responses missing. |
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performed missing data imputation using the ‘missForest’ package.?®® The process flow for

my study is shown in Figure 6-1.

Data cleaning and
imputation

Feature selection

eInformation gain
eCorrelation-based feature selection

Model training
*70% of SPIT data

Model testing

*30% of SPIT data

Model validation
*RISQ data

Pilot validation

*RISQ data with gastric cancer cases

Figure 6-1: Process flow for model training, testing and validation.

Feature Selection
| used feature analysis to determine the most important predictors for oesophageal cancer.

| used both information gain and chi-squared correlation-based feature selection from the
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‘FSelector’ package, with a 50:50 weighting given to each feature before producing a final
ranking.'®%2%% |n brief, information gain is an ML method where each feature is compared
separately as to its correlation with the variable of interest. Correlation based feature
selection assesses multiple features; some of the highly correlated set of features are
removed, leaving a single representative feature.'® Using these methods | was then able to

select the most discriminating features to predict the presence of oesophageal cancer.

Model Training and Testing
I split the SPIT dataset in a 70:30 ratio for model training and testing respectively. | performed
10-fold cross-validation during model training. | used seven supervised ML methods from the

R software ‘caret’ package (‘caret’ function in parenthesis):2%

Linear discriminant analysis (Ida)
Classification and regression tree (cart)
K-nearest neighbour (knn)

Support vector machines (svm)
Random forest (rf)

Logistic regression (gIm)

Regularised logistic regression (glmnet)

In particular, regularised logistic regression (glmnet) applies either ridge or lasso
regularisation, which automatically introduces a degree of bias to the ML model and
ultimately penalises the creation of more complex, overfitted models with multiple
variables.?% This is done by the addition of a regularisation coefficient, known as lambda (),
to the overall model.?% This additional step compared to standard logistic regression leads
6

to reduced variance when the model is applied to new data and thus prevents overfitting.?°

The main difference between ridge and lasso regularisation is in its methodology: ridge
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regularisation will square the values of the variables whereas lasso regularisation will take
the absolute values of the variables. An elastic net mixing parameter termed alpha (a) can
be adjusted during model development to allow both regularisation methods to be used

without needing to commit to a method beforehand.?%®

| assessed the performance of the model using receiver operating characteristic curves (ROC)
and calculated the area under the ROC curve (AUC) using the ‘pROC’ package.?”’ Finally, to
ensure that the model was weighted such that there was an increased penalty for
misclassification of cancers, | applied a cost function to my final model using the ‘ROCR’
package.?®® The penalty for false negatives (i.e., missing a cancer case) was set at 50 times
greater than false positives. This was then used to determine the ideal threshold above which
the model would predict the presence of cancer. | assessed the performance of the cost
function and the associated threshold using sensitivity, specificity, positive predictive value

(PPV) and negative predictive value (NPV).

Model Validation

Patients in the validation dataset were from the RISQ study. Our research group additionally
enriched this cohort with further patients with confirmed oesophageal cancer. | also
collected data from patients with confirmed gastric cancer to assess the performance of the

model in this group.

Statistical Analysis

For risk prediction models, there is no generally accepted approach to estimate sample size
requirements for derivation and validation of risk prediction models. Discrete variables are
presented as numbers and percentages, while continuous variables are presented as mean
and standard deviation (SD) or median and inter-quartile range (IQR). To compare between
normal and cancer groups, | used t-tests or chi-squared (X?) tests depending on the variable.
A p-value of £0.05 was taken as significant.
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6.3.3 Results

Demographics

A total of 807 patients were included in model training (566 patients) and testing (241
patients), while a further 294 patients were included in the independent model validation
dataset. Full demographic information and breakdown is presented in Table 6-3. A total of
65, 27 and 42 oesophageal and gastro oesophageal junction (GOJ) cancer cases were
included in the training, testing and validation datasets respectively. TNM staging
information, where available, is presented in Table 6-4. 80%, 93% and 83% of cancers in the
training, testing and validation datasets respectively were OACs. There was no statistically
significant difference in the distribution on either the cancer site (X? = 2.21, p=0.33) and or
the histology (X? = 5.06, p=0.28) within the three datasets. Notably, cancer patients were
older and more likely to have had some quantified weight loss across the three datasets.
Cancer patients across all three datasets were less likely to suffer from psychological

disorders compared to non-cancer patients.
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Training Data (n=566)

Testing Data (n=241)

Validation Data (n=294)

Cancer Cancer Cancer Cancer p Cancer Cancer

Present %  Absent % p value | Present %  Absent %  value Present %  Absent % p value
n 65 11 501 89 27 11 214 89 42 14 252 86
Age
Mean 70.4 63.8 <0.001 70.6 63.5 0.002 70.8 52.1 <0.001
SD 10.1 13.3 TT 10.2 14 T 9.96 17.1 T
Sex
Male (1) 45 69 208 42 <0.001 18 67 118 55 0.351 35 83 137 54 <0.001
Female (2) 20 31 293 58 9 33 9% 45 7 17 115 46
Cancer Site
Oesophageal 52 80 25 93 35 83
Gastro Oesophageal Junction 13 20 2 7 7 17
Cancer Histology
Adenocarcinoma 54 83 21 78 39 93
Squamous Cell Carcinoma 3 11
Other/Unknown 3 11 0 0
Ethnicity
White British/Irish/European 63 97 457 91 0.529 26 96 198 93 0.845 37 88 190 75 0.049
Mixed Race 1 2 1 0 FET 0 0 1 0 FET 0 5 2 FET
Asian 1 2 14 3 0 0 5 2 0 10 4
Asian Other 0 0 8 2 0 0 1 0 4 10 13 5
Black 0 0 11 2 1 4 5 2 1 12 5
Other 0 0 10 2 0 0 4 2 0 0 22 9
Current/Previous Smoking
No (0) 26 40 265 53 0.061 10 37 101 47 0.416 10 24 137 54 <0.001
Yes (1) 39 60 233 47 17 63 112 52 32 76 115 46
Unknown 0 0 3 1 0 0 1 0 0 0 0 0

Page 160 of 287




Chapter 6: Creating a Risk Prediction Model

Training Data (n=566)

Testing Data (n=241)

Validation Data (n=294)

Cancer Cancer Cancer Cancer p Cancer Cancer

Present %  Absent % p value | Present %  Absent %  value Present %  Absent % p value
Smoking Pack Years
Mean 134 6.8 0.050 12.8 6.5 0.150 14.3 7.1 0.037
SD 22.9 14.6 T 20.4 114 1T 15.6 15.0 T
Unknown 15 89 3 39 17 14
Body Mass Index (BMI)
Mean 25.6 27.2 0.008 26.6 26.4 0.911 28.6 30.9 0.648
SD 4.5 6.0 T 7.5 5.2 1T 8.5 10.2 1T
Unknown 2 19 2 4 38 223
Chest Pain Begin
No Chest Pain (0) 31 48 258 51 0.018 21 78 111 52 0.173 28 67 123 49 0.008
Less than 6 months (1) 20 31 69 14 FET 4 15 30 14 FET 7 17 13 5 FET
6 months to 1 year (2) 4 6 a4 9 1 4 18 8 2 5 18 7
1to 5years (3) 3 5 60 12 0 0 22 10 3 7 37 15
5 to 10 years (4) 1 2 29 6 0 0 15 7 1 2 24 10
10 to 20 years (5) 1 2 16 3 0 0 10 5 0 0 23 9
More than 20 years (6) 1 2 16 3 0 0 5 2 1 2 14
Unknown 4 6 9 2 1 4 3 1 0 0 0 0
Regurgitation Begin
No Regurgitation (0) 35 54 267 53 0.041 17 63 110 51 0.050 21 50 122 48 0.005
Less than 6 months (1) 15 23 54 11 FET 3 1 28 13 FET 9 21 11 4 FET
6 months to 1 year (2) 2 3 40 8 4 15 19 9 3 7 19
1to 5years (3) 2 3 46 9 1 4 24 11 4 10 40 16
5 to 10 years (4) 2 3 36 7 0 0 10 5 2 26 10
10 to 20 years (5) 2 3 33 7 0 0 13 6 0 0 20 8
More than 20 years (6) 2 3 20 4 1 4 6 3 14
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Training Data (n=566) Testing Data (n=241) Validation Data (n=294)

Cancer Cancer Cancer Cancer p Cancer Cancer

Present %  Absent % p value | Present %  Absent %  value Present %  Absent % p value
Unknown 5 8 5 1 1 4 4 2 0 0 0 0
Sour Taste Present
No (0) 32 49 172 34 0.014 16 59 74 35 0.005 20 48 80 32 0.067
Yes (1) 25 38 279 56 6 22 117 55 22 52 172 68
Unknown 8 12 50 10 5 19 23 11 0 0 0 0
Sour Taste Frequency
Never (0) 39 60 226 45 0.091 20 74 99 46 0.028 20 48 81 32 0.538
Annually or less (1) 5 8 23 5 FET 2 7 6 3 FET 0 0 4 2 FET
Few times a year (2) 3 48 10 2 7 11 5 4 10 40 16
Few times a month (3) 5 8 47 9 1 4 26 12 6 14 38 15
Few times a week (4) 9 14 78 16 1 4 37 17 7 17 45 18
Daily (5) 3 5 67 13 1 4 29 14 5 12 4 17
Unknown 1 2 12 2 0 0 6 3 0 0 0 0
Frequency of Symptoms Preventing Eating and Drinking
Never (0) 24 37 209 42 0.003 13 48 102 48 0.039 9 21 83 33 0.029
Few times a year (1) 3 19 25 5 FET 1 4 3 1 FET 4 10 30 12 FET
Few times a month (2) 110 22 2 50 23 1 2 34 13
Few times a week (3) 5 69 14 1 30 14 9 21 33 13
Daily (4) 21 32 82 16 7 26 26 12 19 45 72 29
Unknown 7 1 6 1 3 11 3 1 0 0 0 0
Swallowing Difficulty Present
No (0) 19 29 256 51 0.002 10 37 109 51 0.398 18 43 154 61 0.040
Yes (1) 44 68 242 48 15 56 104 49 24 57 98 39
Unknown 2 3 3 1 2 7 1 0 0 0 0 0
Dysphagia Score
No dysphagia (0) 19 29 256 51 0.003 10 37 109 51 0.486 18.0 43 155 62 0.538
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Training Data (n=566) Testing Data (n=241) Validation Data (n=294)

Cancer Cancer Cancer Cancer p Cancer Cancer

Present %  Absent % p value | Present %  Absent %  value Present %  Absent % p value
Dysphagia to solids (1) 19 29 120 24 8 30 47 22 FET 17 40 61 24 FET
Dysphagia to solids and semi-solids (2) 14 22 49 10 5 19 28 13 1 2 15 6
Dysphagia to solids, semi-solids and
liquids (3) 11 17 64 13 2 7 23 11 6 14 20
Unknown 2 3 12 2 2 7 7 3 0 0 1 0
Swallowing Pain Present
No (0) 33 ©51 317 63 0.003 17 63 138 64 0.455 27 64 222 88 <0.001
Yes (1) 27 42 110 22 8 30 41 19 T 15 36 30 12
Unknown 5 8 74 15 2 7 35 16 0 0 0
Unexplained Weight Loss Present
No (0) 28 36 369 74 <0.001 17 63 148 69 0.466 18 43 200 79 <0.001
Yes (1) 36 55 128 26 10 37 64 30 24 57 52 21
Unknown 1 2 4 1 0 0 2 1 0 0 0 0
Weight Loss (kg)
Mean 5.9 1.8 <0.001 2.6 25 0.867 6.0 1.5 0.009
sD 7.8 4.6 TT 4.6 5.5 T 7.0 3.6 T
Unknown 3 36 1 12 21 33
Fruit and Vegetable Frequency
Rarely or never (0) 3 5 8 2 0.003 0 0 8 4 0.516 8 19 11 4 0.538
Few times each month (1) 6 9 14 3 FET 0 0 2 1 FET 0 0 9 4 FET
Few times each week (2) 18 28 114 23 7 26 45 21 6 14 53 21
Few times each day (3) 27 42 198 40 13 48 85 40 18 43 109 43
5 a day or more (4) 10 15 162 32 5 19 71 33 10 24 70 28
Unknown 1 2 5 1 2 7 3 1 0 0 0 0
Known Psychological Disorders
No (0) 52 80 324 65 0.002 24 89 137 64 0.008 32 76 147 58 0.043
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Training Data (n=566) Testing Data (n=241) Validation Data (n=294)

Cancer Cancer Cancer Cancer p Cancer Cancer

Present %  Absent % p value | Present %  Absent %  value Present %  Absent % p value
Yes (1) 7 11 153 31 1 4 63 29 10 24 105 42
Unknown 9 24 5 2 14 7 0 0 0 0
Butterflies Feeling
Not at all (0) 25 38 153 31 0.362 15 56 80 37 0.257 26 62 107 42 0.076
Occasionally (1) 26 40 219 44 FET 8 30 81 38 FET 7 17 82 33 FET
Quite often (2) 47 9 0 13 6 2 5 24 10
Very often (3) 0 14 3 0 7 3 7 23 9
Unknown 10 15 68 14 4 15 33 15 4 10 16
Read Local Newspaper
No, never (0) 16 25 101 20 0.048 6 22 41 19 0.888 16 38 131 52 0.270
Yes, rarely (1) 17 26 86 17 5 19 46 21 7 17 31 12
Yes, sometimes (2) 10 15 133 27 5 19 54 25 19 49 19
Yes, often (3) 14 22 157 31 9 33 68 32 11 26 41 16
Unknown 8 12 24 5 2 7 5 2 0 0 0 0

Table 6-3: Demographic and questionnaire responses for included patients in training, testing and validation data sets of top ranked features.

Numbers in brackets following feature (e.g. no, never (0)) denote coding used for model development. p-values are for chi-squared tests unless otherwise
stated. FET= Fisher's Exact Test. TT=Two sample t-test
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Training Data Testing Data Validation Data

(n=65) (n=27) (n=42)

n | % n ‘ % n ‘ %
T Staging
T1 7 11 2 7.4 2 4.8
T2 4 6.2 0 0 1 2.4
T3 10 15 3 11 6 14
T4 3 4.6 1 3.7 4 9.5
Unknown 41 63 21 78 29 69
N Staging
NO 8 12 2 7.4 7 17
N1 9 14 3 11 3 7.1
N2 3 4.6 1 3.7 3 7.1
N3 2 3.1 0 0 0 0
Unknown 43 66 21 78 29 69
M Staging
MO 16 25 4 15 11 26
M1 4 6.2 1 3.7 2 4.8
Unknown 45 69 22 82 29 69

Table 6-4: TNM staging information for oesophageal and gastro-oesophageal junction (GOJ) cancer cases.
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Selection of Features

251 features were available for analysis, which includes data from the questionnaire,
endoscopy and histology results. Prior to imputation | removed 101 features which had data
missing in more than 20% of patients. | subsequently selected 17 features which were top
ranked for the prediction of oesophageal and GOJ cancers (Table 6-5). Top ranked features
were multidimensional and included demographic information, symptom, psychological and

food related variables. These top ranked features were selected for ML model development.

Feature Information Correlation Based | Overall
Gain Feature Selection | Rank
Frequency of Symptoms
Preventing Eating and Drinking 0.015 0.175 1=
Unexplained Weight Loss (kg) 0.014 0.184 1=
Age 0.016 0.167 3
Unexplained Weight Loss Present | 0.013 0.167 4
Known Psychological Disorders 0.013 0.149 5
Sour Taste Frequency 0.012 0.152 6
Chest Pain Begin 0.012 0.147 7=
Sex 0.011 0.148 7=
Fruit and Vegetable Frequency 0.009 0.136 9
Regurgitation Begin 0.008 0.127 10
Sour Taste Present 0.007 0.122 11=
Swallowing Pain Present 0.007 0.125 11=
Read Local Newspaper 0.006 0.113 13=
Dysphagia Score 0.006 0.116 13=
Butterflies Feeling 0.006 0.106 15
Swallowing Difficulty Present 0.005 0.096 16
Current/Previous Smoking 0.003 0.073 17

Table 6-5: Ranking of information gain and correlation-based feature selection to produce
a final model.

Development of ML Model

Figure 6-2 demonstrates the distribution of area under the receiver operating characteristic
curve (AUC) after 10-fold cross-validation in the training dataset, as well as median and IQR
for AUC, sensitivity and specificity for the seven different ML methods. The best performing
model with the highest median AUC was regularised logistic regression (AUC: 0.81, IQR: 0.69-

0.85). The regularised logistic regression model was associated with parameters of a=0.1 and
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A=0.0149. | selected this model for further testing and validation and for determining

appropriate cut offs in the cost function.
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Model Median ROC (IQR) Median Sensitivity (IQR) Median Specificity (IQR)

Classification and Regression Tree
(cart)

0.62 (0.57-0.66)

0.99 (0.98-0.98

0.14 (0.04-0.17)

k-Nearest Neighbour (knn)

0.63 (0.59-0.71)

1.00 (0.99-1.00)

0.00 (0.00-0.00)

Support Vector Machines (svm)

0.72 (0.62-0.77)

1.00 (0.98-1.00)

0.17 (0.14-0.29)

Random Forest (rf)

0.77 (0.74-0.83)

1.00 (1.00-1.00)

0.07 (0.00-0.17)

Linear Discriminant Analysis (Ida)

0.79 (0.68-0.85)

0.98 (0.97-1.00)

0.23 (0.14-0.33)

Logistic Regression (glm)

0.80 (0.68-0.85)

0.98 (0.98-1.00)

0.17 (0.17-0.29)

Regularised Logistic Regression
(glmnet)

0.81 (0.69-0.85)

1.00 (0.98-1.00)

0.14 (0.04-0.17)

Figure 6-2: Boxplot of each model and their spread of area under the receiver operating characteristic curve (ROC) for each model. Table demonstrates
median ROC, sensitivity and specificity and their respective inter-quartile range (IQR) during model development using 10-fold cross-validation.
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Testing and Validation of Model

Figure 6-3 demonstrates the receiver operating characteristic (ROC) curve for regularised
logistic regression, with the final model reapplied to the training dataset for reference
purposes and subsequently tested on both the testing and independent validation datasets.
For the testing data set the model achieved an AUC of 0.71 (95% Cl: 0.61-0.81). For validation,
the model achieved an AUC of 0.92 (95% Cl: 0.88-0.96). Table 6-6 demonstrates the
sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for
each dataset with the cost function applied. My final model achieved a sensitivity and
specificity of 96.3% and 20.1% for the testing dataset respectively. For the validation dataset,
the sensitivity and specificity were 97.6% and 59.1% respectively. The final model with

coefficients is presented in Table 6-7.
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o AUC: 0.922 (0.884-0.961)
o — Training
g
——  Testing
— Validation
=
S
T T T T T T
0.0 02 04 0.6 08 1.0
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Figure 6-3: ROC curve for training, testing and validation datasets for regularised logistic
regression for predicting oesophageal and GOJ cancer
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Dataset

Sensitivity
(95% ClI) (%)

Specificity
(95% ClI) (%)

Positive Predictive Value
(95% Cl) (%)

Negative Predictive Value
(95% Cl) (%)

Training Data

96.9 (89.3-99.6)

24.4 (20.7-28.4)

14.3 (11.1-17.9)

98.4 (94.3-99.8)

Testing Data

96.3 (81.0-99.9)

20.1(14.9-26.1)

13.2 (8.8-18.7)

97.7 (88.0-99.9)

Validation Data

97.6 (87.4-99.9)

59.1(52.8-65.3)

28.5 (21.3-36.6)

99.3 (96.3-100.0)

Validation Data (Gastric Cancer)

75.0 (42.8-94.5)

59.1(52.8-65.3)

8.0 (3.7-14.7)

98.0 (94.3-99.6)

Table 6-6: Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) with 95% confidence intervals (95% Cl) for regularised
logistic regression. This was set at a cut off of 0.03 (false negatives are weighted 50x more than false positive cases).

Feature Coefficient
Intercept -2.539

Age 0.440
Female Sex -0.416
Chest Pain Begin -0.036
Regurgitation Begin -0.047
Sour Taste Present (feature dropped)
Sour Taste Frequency -0.223
Frequency of Symptoms Preventing Eating and

Drinking 0.135
Swallowing Difficulty Present 0.155
Dysphagia Score 0.187
Swallowing Pain Present 0.222
Unexplained Weight Loss Present 0.263
Unexplained Weight Loss (kg) 0.183
Current/Previous Smoking 0.087

Fruit and Vegetable Frequency -0.228
Known Psychological Disorders -0.335
Butterflies Feeling -0.151
Read Local Newspaper -0.282

Table 6-7: Final model from regularised logistic regression where a=0.1 and A=0.0149.
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Performance of Model by Histological Subtype

| assessed the performance of my model on different histological subtypes of cancer. The
model was able to predict correctly all 3 OSCC cases in the testing dataset and all 5 OSCC
cases in the validation dataset as cancer. For OAC, all 21 cases were correctly predicted in
the testing dataset, while all but one case (38/39; 97.4%) was correctly predicted as cancer

in the validation dataset.

Pilot Testing with Gastric Cancer Cases

In a further sub analysis, | assessed if my model was able to predict the presence of gastric
cancers. Demographic information for this subgroup of patient is presented in Table 6-8 and
includes 12 gastric cancer cases with the same controls as the original validation dataset.
Figure 6-4 demonstrates the ROC curve for validation where it achieved an AUC of 0.78 (95%

Cl: 0.62-0.95). At the same cut off level, this led to a sensitivity of 75.0% (Table 6-6).

Pilot Data (Gastric) (n=294)
Cancer Cancer ¢]
Present % Absent % value
n 12 5 252 95
Age
Mean 63.2 52.1 0.032
SD 15.5 17.1 TT
Sex
Male (1) 35 83 137 54 <0.001
Female (2) 7 17 115 46
Cancer Diagnosis
Gastric 12 100
Cancer Histology
Adenocarcinoma 12 100
Squamous Cell Carcinoma 0 0
Other/Unknown 0 0
Ethnicity
White British/Irish/European 9 75 190 75 0.819
Mixed Race 0 0 5 2 FET
Asian 0 0 10 4
Asian Other 0 0 13 5
Black 0 0 12 5
Other 3 25 22 9
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Pilot Data (Gastric) (n=294)
Cancer Cancer 0]
Present % Absent % value
Current/Previous Smoking
No (0) 4 33 137 54 0.258
Yes (1) 8 67 115 46
Unknown 0 0 0 O
Smoking Pack Years
Mean 3.4 7.1 0.163
SD 6.4 15.0 TT
Unknown 4 14
Body Mass Index (BMI)
Mean 23.5 30.9 0.165
SD 5.8 10.2
Unknown 9 223
Chest Pain Begin
No Chest Pain (0) 12 100 123 49 0.182
Less than 6 months (1) 0 0 13 5 FET
6 months to 1 year (2) 0 0 18 7
1 to 5 years (3) 0 0 37 15
5to 10 years (4) 0 0 24 10
10 to 20 years (5) 0 0 23 9
More than 20 years (6) 0 0 14 6
Unknown 0 0 0 O
Regurgitation Begin
No Regurgitation (0) 9 75 122 48 0.726
Less than 6 months (1) 1 8 11 4 FET
6 months to 1 year (2) 0 0 19 38
1to 5 years (3) 1 8 40 16
5to 10 years (4) 1 8 26 10
10 to 20 years (5) 0 0 20 8
More than 20 years (6) 0 0 14 6
Unknown 0 0 0 O
Sour Taste Present
No (0) 4 33 80 32 1.000
Yes (1) 8 67 172 68 FET
Unknown 0 0 0 O
Sour Taste Frequency
No (0) 4 33 81 32 0.797
Annually or less (1) 0 0 4 2 FET
Few times a year (2) 1 8 40 16
Few times a month (3) 3 25 38 15
Few times a week (4) 3 25 45 18
Daily (5) 1 8 44 17
Unknown 0 0 0 O
Frequency of Symptoms Preventing Eating and Drinking
Never (0) 6 50 83 33 0.554
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Pilot Data (Gastric) (n=294)

Cancer Cancer 0]
Present % Absent % value
Few times a year (1) 0 0 30 12 FET
Few times a month (2) 2 17 34 13
Few times a week (3) 2 17 33 13
Daily (4) 2 17 72 29
Unknown 0 0 0 O
Swallowing Difficulty Present
No (0) 11 92 154 61 0.035
Yes (1) 1 8 98 39 FET
Unknown 0 0 0 O
Dysphagia Score
No dysphagia (0) 11.0 92 155 62 0.797
Dysphagia to solids (1) 1 8 61 24 FET
Dysphagia to solids and semi-solids (2) 0 0 15 6
Dysphagia to solids, semi-solids and liquids (3) 0 0 20 8
Unknown 0 0 1 O
Swallowing Pain Present
No (0) 12 100 222 88 0.371
Yes (1) 0 O 30 12 FET
Unknown 0 0 0 O
Unexplained Weight Loss Present
No (0) 3 25 200 79 <0.001
Yes (1) 9 75 52 21 FET
Unknown 0 0 0 O
Weight Loss (kg)
Mean 9.0 1.5 0.047
SD 7.0 3.6 1T
Unknown 6 33
Fruit and Vegetable Frequency
Rarely or never (0) 2 17 11 4 0.797
Few times each month (1) 0 0 9 4 FET
Few times each week (2) 3 25 53 21
Few times each day (3) 5 42 109 43
5 a day or more (4) 2 17 70 28
Unknown 0 0 0 O
Known Psychological Disorders
No (0) 9 75 147 58 0.370
Yes (1) 3 25 105 42 FET
Unknown 0 0 0 o
Butterflies Feeling
Not at all (0) 6 50 107 42 0.843
Occasionally (1) 3 25 82 33 FET
Quite often (2) 1 8 24 10
Very often (3) 0 0 23 9
Unknown 2 17 16 6
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Pilot Data (Gastric) (n=294)

Cancer Cancer 0]
Present % Absent % value

Read Local Newspaper

No, never (0) 5 42 131 52 0.671
Yes, rarely (1) 1 8 31 12 FET
Yes, sometimes (2) 4 33 49 19
Yes, often (3) 2 17 41 16
Unknown 0 0 0 O

Table 6-8: Demographic table for patients diagnosed with gastric cancer included in pilot
validation.

Numbers in brackets following feature e.g. no, never (0) denote coding used for model
development. p-values are for chi-squared tests unless otherwise stated. FET= Fisher's Exact
Test. TT=Two sample t-test
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Figure 6-4: ROC curve for training, testing and validation datasets for regularised logistic
regression for predicting gastric cancer.

6.3.4 Discussion

Using an ML approach, | created a risk stratification tool using questionnaire only factors

which could be used as a diagnostic aid to identify patients who may have oesophageal or
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gastro-oesophageal junction (GOJ) cancer. The model is based on demographic factors such
as age and sex which are routinely captured, as well as alarm features such as dysphagia and
unintentional weight loss which are currently included in National Institute for Health and
Care Excellence (NICE) UGI cancer referral guidelines.’®> My model further incorporates
additional features, such as known psychological disorders, which gives an additional
richness to the model and helps improve its performance. In particular, | have also
demonstrated the robustness of the models by both testing and independently validating
the model. The model achieved a sensitivity of over 96% for detecting cancer, while
specificity ranged from 20% in the testing dataset to 59% in the validation dataset. This large
range of results for specificity is likely to be a result of both the relatively small numbers of
cancers in both datasets, and also cancer and non-cancer patients were not equally
distributed in the datasets. In addition, | also trialled my model on gastric cancer patients.
Although the numbers were small it identified 9/12 (75%) gastric cancer patients correctly.
It may be possible to enhance accuracy for this condition by capturing symptoms specific to

gastric cancer such as early satiety and symptoms of anaemia.*®

My work adds to previous research; ML algorithms have previously been developed in a
Chinese population to predict the risk of UGI lesions.?® However, the study incorporated a
combined endpoint of UGI pathology. This included both gastric cancer, which had a
prevalence of 0.3% in the study population, and more benign pathology such as gastric
erosions, which had a prevalence of 22%.%% This model differs by emphasising cancers, which
| believe will have a greater utility especially in the triaging of suspected cancer 2ww referrals

and prioritising procedures which are likely to have a greater yield for serious pathology.

My model appears to perform well against currently used triaging methods. In the validation
dataset the model achieved a PPV of 28.5% and an NPV of 99.3%. This improves upon using

alarm features solely, which on their own have PPVs ranging from 0 to 11% for oesophageal
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and gastric cancers, with considerable heterogeneity between studies.®® Even when using a
combination of alarm features, PPVs still remain at around 10%.% In addition, the model also
improves on the EDS.1%%171 During the COVID-19 pandemic the EDS has been used for triaging
urgent UGI referrals, and a prospective series demonstrated a sensitivity of 96.7% and a
specificity of 32.6%, although the authors also included 10 gastric and one duodenal cancer
in the outcome.”® This equated to a PPV of 9.7% and NPV of 99.3% for the detection of UGI
cancer.'’One major advantage of my approach is that it has a higher PPV compared to the
EDS, which could be especially advantageous in reducing the number of normal procedures
being classed as urgent or being performed. My model also compares favourably with
models recently validated for the detection of incident cases of OAC and GOJ
adenocarcinoma. The best model in validation achieved an AUC of 0.73, compared to 0.92 in

my study. 18193

6.3.5 Limitations of the Study

First, some patients were recruited after the diagnosis of cancer was known. Subsequently,
these patients may be subject to recall bias and report higher rates of symptoms. While it
would be preferable to perform prospective recruitment, there are challenges associated
with this as UGI cancer has a low incidence in the UK.2¥ In particular, the validation cohort
was specifically enriched with patients with known oesophageal cancer, including some who
had late stage diagnoses. This could well explain as to why the validation cohort
outperformed training and testing cohorts. As the model was primarily developed in patients
who were referred under 2ww pathways into secondary care, this already excludes patients
who are earlier in the pathway, such as with dyspepsia in primary care but not referred
onwards under 2ww pathway. This would therefore limit the generalisability of the model

especially within primary care.
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Furthermore, the outcome of the model was binary; ‘cancer’ compared to ‘no cancer’.
Although it would be preferable to create models based on stages of cancer, such as early
compared to late stage, this was restricted by incomplete data. As shown in Table 6-4, T
staging was missing in 63% of training data cases and 78% of testing data cases. There were
only 5 patients in the training and testing cohort who had an overall stage of T2ZNOMO or less,
for which curative surgical resection can usually be offered.® Moreover, oesophageal cancer
often presents late; 70% present at stage Ill or stage IV disease.®® Early disease is often
asymptomatic and symptoms such as progressive dysphagia and weight loss are late
manifestations. Therefore, there are likely to be distinct differences between early and late
stage cancers.?'® |n addition, there are potential difficulties in identifying individuals with
early oesophageal cancer, as they may have yet to present to medical services, which would
have affected recruitment into the study. Consequently, later stage cancers were
overrepresented in the final models, with the risk of missing features of early stage cancers,

reducing its overall clinical utility in early detection of cancer.

Second, | would have preferred to directly test the performance of the EDS on my cohort of
patients and therefore create head-to-head comparisons. However, | was unable to
extrapolate for one of the elements of the score (dysphagia localises to neck) with my
existing data. Third, as this study is based in the UK, where OAC is the predominant subtype,
my scoring system may be less applicable to other nations or territories where other
histological subtypes are more common. Fourth, my model incorporates a large number of
features which increases its complexity during clinical use, although with the rise of
electronic health record systems, patients are increasingly prepared to complete health
qguestionnaires online. This can rapidly generate rich datasets for the clinician to review easily
and is starting to make its way into routine clinical use. Finally, this model needs further

validation in larger cohorts to ensure its performance remains consistent and slight
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adjustment to enhance its performance against gastric cancers. This is especially important

to ensure greater consistency in the calculation of model performance metrics.

6.3.6 Online Calculator

An online version of the model is available via:

https://endopredict.shinyapps.io/endopredict/

6.4  Epigenetic Factors

6.4.1 Introduction

The development of next generation sequencing has allowed for a large number of patient
samples to be investigated for genome wide changes at the same time.?!* One particular area
of interest is epigenetic changes which occur in the promoter region of genes, which have a
key role in determining gene expression.?!! In particular, these epigenetic changes occur at
the 5 end of cytosine in CpG (Cytosine-phosphate-Guanine) islands, whereby after
methylation the corresponding gene becomes silenced and is not transcribed.?!! Altered
gene expression could be especially important in the case of tumour suppressor genes, which
if not transcribed could increase the risk of developing cancer. Indeed, methylation changes
have been found in patient with both OAC and OSCC,*2 as well as in the precursor to OAC,
Barrett’s oesophagus (B0),2*® suggesting a role of epigenetic changes and cancer
development. These epigenetic changes thus have the potential to act as biomarkers and

allow for the risk stratification of patients who may be at increased risk of developing cancer.

To ensure there is a common nomenclature between different methylation sites, each
methylation site has a specific CpG locus cluster ID attached, similar to the identifiers given
for single nucleotide polymorphisms (SNPs), where DNA methylation can occur within the
human genome.?!! CpG loci can be highly correlated with each other, and thus it may be

possible to screen a large number of CpG loci by simply running an assay on a smaller sample
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number of CpG loci.?!! In addition, upscaling this technology combined with high throughout
methods could mean that a large number of patients could be screened simultaneously,
making them potentially suitable for use in either targeted risk group or general population

screening.

Previously, analysis of tissue microRNAs within saliva have shown promise as potential
biomarkers for oesophageal cancer.?!* Saliva sample collection is very acceptable to patients,
and has the advantage that patients could collect their own sample with minimal guidance
from their own home. In addition, saliva collection is also non-invasive, unlike UGI
endoscopy, which is currently gold standard for the diagnosis and surveillance of BO and
diagnosis of OAC and OSCC. Finally, salivary DNA stored within the preservative of self-
collection kits can remain stable for at least 8 months at room temperature. This allow ample
time for sample collection, and simplifies the process of transportation and handling of
patient samples, and also means samples could be stored before being batch
processed.?’>.Given there is only around 0.5% annual risk of patient with BO progressing to
OAC, and that oesophageal cancer often presents late within the disease, there is the
potential that patient characteristics or symptom severity, combined with salivary epigenetic
analysis could lead to more accurate prediction of a patient’s risk. This could lead to more
individualised care for patients.?'? There may be huge implications as there could be both
better selection of patients to undergo both diagnostic and surveillance UGI endoscopy, as

well as improving diagnosis and disease outcomes including cancer survival.

6.4.2 Aims

My aims were:

o Use the same machine learning methods as with the questionnaire data to assess
the performance of the different loci in predicting the presence of oesophageal

cancer.
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e Combine the results of the questionnaire data with epigenetic data to determine if
there can be an improvement in model performance in predicting the presence of

oesophageal cancer.

6.4.3 Methods

Patient recruitment

Patients were recruited as part of the SPIT study, where on top of completing a symptom risk
factor questionnaire patients provided a saliva sample. This was done using the Oragene DNA
0G/600 saliva collection kit (DNAGenotek, Ottawa, Canada). Patients were asked to fast,
refrain from smoking and chewing gum for an hour prior to sample collection. Patients were
given a maximum of 5 minutes to collect their sample. Samples were then stored at -80°C

until used for analysis.

Epigenetic Analysis

Epigenetic analysis was carried out by University College London (UCL) Genomics using
Illumina EPIC methylation assays. Two methylation array batches were performed in July
2020 and January 2022 respectively (the large time gap was due to COVID-19 related delays).
Each array was run in a case control fashion, whereby known cancer cases were
appropriately matched with non-cancer cases. To estimate methylation status, Illumina
analyses a pair of probes (methylated and unmethylated) and measures the difference
between intensities of the methylated and unmethylated alleles at the CpG site.?*® | used the
M-value as a metric in measuring methylation levels. This is calculated by taking the log2
ratio of the intensities of methylated probe versus unmethylated probe, where signal
intensities range from 0 (complete absence of methylation) and 1 (complete presence of

methylation).2!®

The formula is:
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M-value =1
value = log; -y

U = signal from unmethylated cytosine

M = signal from methylated cytosine

The M-value is thought to be more statistically valid compared to calculating the percentage

of methylation, also known as the Beta-value.?%

Quality Control Measures

To ensure consistency and reproducibility, numerous quality control measures were used

during epigenetic analysis. These included:

Quality control measures to ensure the quality of saliva sample and the quantity of
DNA in it prior to selection for suitability for analysis.

Matching of cancer cases to normal cases. Matched features included age, sex, body
mass index (BMI), smoking status, alcohol consumption, proton pump inhibitor (PPI)
use and presence of heartburn symptoms.

Running 10 duplicate samples in both array batches.

Minimisation of batch effects. This is when there is systematic technical variation
which could be caused by processing samples on different days, use of different
reagent lots or the arrangement of samples across assays.?” To do this, the research
group bioinformatician calculated the average M-value for each row and created a
batch row variable. Subsequently he subtracted the batch row variable from the M-

value associated with the sample and CpG locus. This then created residual figures
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ranging from negative to positive, where the more positive the figure, the greater

the methylation associated with that sample and CpG locus.

Statistical Analysis

Identification of the most discriminating methylation sites between healthy individuals and
cancer cases was completed by the group bioinformatician. A summary of the analysed data
was then provided to me so | would be able to incorporate epigenetic features during model
generation. In brief, a representative probe for every gene was found using Weighted Gene
Co-Expression Network Analysis (WGCNA), which is designed to find clusters of highly
correlated genes.?!® This analysis was repeated multiple times but each time 5 patient
samples were deliberately excluded to improve variation and reproducibility. Best scoring
probes were then selected and a random forest classifier was used to determine its

performance in detecting oesophageal cancers in a testing and validation dataset.

Model Development
| used an ensemble of machine learning model methods including those | previously earlier

in this chapter. These were (R software ‘caret’ function in parenthesis):2%

e Linear discriminant analysis (Ida)

e (Classification and regression tree (cart)
e K-nearest neighbour (knn)

e Support vector machines (svm)

e Random forest (rf)

e Logistic regression (glm)

e Regularised logistic regression (glmnet)

As per my previous analysis, | used a 70:30 ratio split between data training and data testing.

Unfortunately, my research group did not have enough patient samples available for
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validation of this model, although recruitment of the SPIT study is currently ongoing. | used

the ROC as the metric for model performance.

As done previously | set a cost function of 50x for false negatives (i.e. it is 50 times more
costly to miss a single case of cancer) to determine the optimum cut offs and therefore

associated sensitivity and specificity.

6.4.4 Results

141 patients had epigenetic data and questionnaire data which could be used for model
generation.

Table 6-9 shows the demographic information and questionnaire responses for these
patients. This was split into 100 cases for the training dataset (69 non-cancer patients and 31
cancer patients) and 41 cases for the testing dataset (29 non-cancer patients and 12 cancer
patients). Note this is a subset of the patients presented in Table 6-3, although the training

and testing data split was done afresh in the new, smaller patient cohort.
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Training Data (n=100) Testing Data (n=41)

Cancer Cancer p Cancer Cancer o]

Present % Absent % value | Present % Absent % value
n 31 31 69 69 12 29 29 71
Age
Mean 71.9 66.0 0.007 66.8 64.6 0.513
SD 8.4 12.6 1T 9.54 9.8 TT
Sex
Male (1) 24 77 46 67 0.396 8 67 21 72 0.721
Female (2) 7 23 23 33 4 33 8 28 FET
Cancer Site
Oesophageal 20 65 11 92
Gastro Oesophageal Junction 11 35 1 8
Cancer Histology
Adenocarcinoma 30 97 12 100
Squamous Cell Carcinoma 1 3 0
Other/Unknown 0 0
Ethnicity
White British/Irish/European 30 97 69 100 0.371 12 100 29 100 1.00
Mixed Race 0 0 0 0 FET 0 0 0 0 FET
Asian 1 3 0 0 0 0 0 0
Asian Other 0 0 0 0 0 0 0 0
Black 0 0 0 0 0 0 0 0
Other 0 0 0 0 0 0 0 0
Current/Previous Smoking
No (0) 6 19 35 51 0.006 4 33 13 45 0.729
Yes (1) 25 81 34 49 8 67 16 55 FET
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Training Data (n=100)

Testing Data (n=41)

Cancer Cancer p Cancer Cancer p
Present % Absent % value | Present % Absent % value
Unknown 0 0 0 0 0 0 0 0
Smoking Pack Years
Mean 20.9 6.57 0.016 7.92 6.77 0.828
SD 26.4 14 TT 14 135 TT
Unknown 6 13 2 6
Body Mass Index (BMI)
Mean 28.5 26.6 0.044 24.5 27.7 0.094
SD 4.29 4.22 TT 5.66 3.49 TT
Unknown 1 0 0 2
Chest Pain Begin
No Chest Pain (0) 15 48 43 62 0.079 11 92 21 72 0.469
Less than 6 months (1) 9 29 4 6 FET 0 0 4 14 FET
6 months to 1 year (2) 1 3 6 9 1 8 0 0
1to 5 years (3) 2 6 7 10 0 0 2 7
5 to 10 years (4) 1 3 2 3 0 0 1 3
10 to 20 years (5) 1 3 3 4 0 0 0 0
More than 20 years (6) 2 6 3 4 0 0 1 3
Unknown 0 0 1 1 0 0 0 0
Regurgitation Begin
No Regurgitation (0) 15 48 41 59 0.183 8 67 19 66 0.359
Less than 6 months (1) 7 23 6 9 FET 3 25 1 3 FET
6 months to 1 year (2) 4 13 3 4 0 0 1 3
1to 5 years (3) 1 3 6 9 1 8 2 7
5 to 10 years (4) 0 0 4 6 0 0 4 14
10 to 20 years (5) 1 3 5 7 0 0 1 3
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Training Data (n=100) Testing Data (n=41)

Cancer Cancer p Cancer Cancer p

Present % Absent % value | Present % Absent % value
More than 20 years (6) 2 6 4 6 0 0 1 3
Unknown 1 3 0 0 0 0 0 0
Sour Taste Present
No (0) 16 52 30 43 0475 8 67 17 59 1.00
Yes (1) 13 42 37 54 4 33 11 38
Unknown 2 6 2 3 0 0 1 3
Sour Taste Frequency
Never (0) 18 58 33 48 1.00 8 67 19 66 1.00
Annually or less (1) 4 13 6 9 FET 1 8 1 3 FET
Few times a year (2) 2 6 9 13 2 17 1 3
Few times a month (3) 3 10 5 7 0 0 1 3
Few times a week (4) 3 10 6 9 1 8 4 14
Daily (5) 1 3 7 10 0 0 3 10
Unknown 0 0 3 4 0 0 0 0
Frequency of Symptoms Preventing Eating and Drinking
Never (0) 14 45 44 64 0.001 7 58 23 79 0.321
Few times a year (1) 3 19 5 7 FET 0 0 0 0 FET
Few times a month (2) 3 10 12 17 1 8 3 10
Few times a week (3) 1 3 6 9 0 0 2 7
Daily (4) 10 32 2 3 2 17 1 3
Unknown 0 0 0 0 2 17 0 0
Swallowing Difficulty Present
No (0) 6 19 55 80 <0.001 4 33 20 69 0.045
Yes (1) 25 81 14 20 8 67 9 31 FET
Unknown 0 0 0 0 0 0 0 0
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Training Data (n=100) Testing Data (n=41)

Cancer Cancer p Cancer Cancer p

Present % Absent % value | Present % Absent % value
Dysphagia Score
No dysphagia (0) 6 19 55 80 <0.001 4 33 20 69 0.005
Dysphagia to solids (1) 12 39 5 7 FET 0 0 5 17 FET
Dysphagia to solids and semi-
solids (2) 7 23 4 6 4 33 2 7
Dysphagia to solids, semi-solids
and liquids (3) 6 19 5 7 4 33 2 7
Unknown 0 0 0 0 0 0 0 0
Swallowing Pain Present
No (0) 21 68 43 62 0.213 7 58 22 76  0.322
Yes (1) 9 29 8 12 3 25 3 10 FET
Unknown 1 3 18 26 2 17 4 14
Unexplained Weight Loss Present
No (0) 18 36 63 91 <0.001 5 42 26 90 0.003
Yes (1) 13 42 6 9 7 58 3 10
Unknown 0 0 0 0 0 0 0 0
Weight Loss (kg)
Mean 4.88 0.69 0.016 6.95 0.98 0.033
SD 8.87 2.83 TT 8.2 4.8 TT
Unknown 1 1 0 1
Fruit and Vegetable Frequency
Rarely or never (0) 3 10 0 0 0.039 0 0 1 3 0.026
Few times each month (1) 1 3 1 1 FET 3 25 0 0 FET
Few times each week (2) 4 13 15 22 2 17 5 17
Few times each day (3) 14 45 23 33 5 42 11 38
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Training Data (n=100) Testing Data (n=41)

Cancer Cancer p Cancer Cancer p

Present % Absent % value | Present % Absent % value
5 a day or more (4) 9 29 30 43 1 8 12 41
Unknown 0 0 0 0 1 8 0 0
Known Psychological Disorders
No (0) 31 100 52 75 0.002 9 75 20 69 0.694
Yes (1) 0 0 15 22 FET 2 17 9 31 FET
Unknown 0 0 2 3 1 8 0 0
Butterflies Feeling
Not at all (0) 17 55 24 35 0.053 4 33 11 38 0.851
Occasionally (1) 7 23 30 43 FET 4 33 10 34 FET
Quite often (2) 0 0 5 7 1 8 1 3
Very often (3) 0 0 1 1 0 0 0 0
Unknown 7 23 9 13 3 25 7 24
Read Local Newspaper
No, never (0) 13 42 12 17 0.001 4 33 8 28 0.213
Yes, rarely (1) 7 23 7 10 3 25 2 7
Yes, sometimes (2) 2 6 25 36 0 0 5 17
Yes, often (3) 8 26 23 33 4 33 13 45
Unknown 1 3 2 3 1 8 1 3

Table 6-9: Demographic and questionnaire responses for included patients in training and testing sets for patients who had both epigenetic and
questionnaire date available.

Numbers in brackets following feature (e.g. no, never (0)) denote coding used for model development. p-values are for chi-squared tests unless otherwise
stated. FET= Fisher's Exact Test. TT=Two sample t-test
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Loci Identification
7 loci with epigenetic changes were found to be the most discriminatory between patients

with confirmed OAC and those who did not have cancer. They were denoted as:

1. cg18973389
2. cg23347958
3. cg08267433
4. cg04096519
5. cg27123665
6. cg09771271

7. ¢g08692104

Notably, the non-cancer cohort included healthy volunteers as well as patients who

underwent UGI endoscopy and had normal findings.

Feature Selection
| have retained the same 17 features as in my previous analysis which were most associate

with oesophageal cancer. To recap these were:

1. Age

2. Sex (biological)

3. Current/Previous Smoking

4. Chest Pain Begin

5. Regurgitation Begin

6. Acid or Sour Taste Present

7. Acid or Sour Taste Frequency

8. Frequency of Symptoms Preventing Eating or Drinking Frequency

9. Presence of Swallowing Difficulty
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10. Composite Dysphagia Score

11. Presence of Swallowing Pain

12. Presence of Unexplained Weight Loss

13. Weight Loss in Kilograms

14. Frequency of Consuming Fruit or Vegetables
15. Previous History of Psychological Disorders
16. Frequency of Having a Butterflies Feeling

17. Frequency of Reading a Local Newspaper

Creation of Machine Learning Models

| aimed to select the best machine learning model to compare under 3 scenarios

1. 7 epigenetic factors only
2. 17 questionnaire features only

3. 7 epigenetic factors and 17 questionnaire features combined

Analysis 1: Epigenetic Only Model

In my first analyses | only incorporated the 7 CpG loci and sex.
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Analysis 1: Epigenetic Only Model: Model Generation
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Figure 6-5: Boxplot of the seven machine learning models using epigenetic features in
discriminating between non cancer and cancer cases.

Model Median AUROC Median Sensitivity | Median Specificity

(1aR)

(1QR)

(IQR)

Classification and
Regression Tree (cart)

0.63 (0.52-0.76)

0.86 (0.75-1.00)

0.33(0.33-0.58)

k-Nearest Neighbour
(knn)

0.64 (0.52-0.81)

0.85 (0.85-1.00)

0.33(0.08-0.58)

Support Vector
Machines (svm)

0.69 (0.55-0.82)

1.00 (1.00-1.00)

0.33 (0.00-0.58)

Random Forest (rf)

0.88 (0.67-0.98)

0.86 (0.84-1.00)

0.33 (0.33-0.67)

Linear Discriminant
Analysis (Ida)

0.64 (0.54-0.70)

0.86 (0.86-1.00)

0.33 (0.00-0.63)

Logistic Regression
(gIm)

0.64 (0.58-0.70)

0.85 (0.86-1.00)

0.33 (0.08-0.63)

Regularised Logistic
Regression (glmnet)

0.69 (0.50-0.71)

0.92 (0.86-1.00)

0.17 (0.00-0.46)

Table 6-10: Table of median ROC, median sensitivity and median specificity of the seven
machine learning models using epigenetic features in discriminating between non cancer
and cancer cases.

The best model during generation was random forest (Table 6-10 and Figure 6-5) which
demonstrated an average median ROC of 0.88 (IQR: 0.67-0.98) across 10-fold cross
validation. Applying this model de novo achieved a mean AUC of 1.00 (95% Cl: 1.00-1.00) for

the training dataset and 0.747 (95%Cl: 0.59-0.92) for the testing dataset (Figure 6-6).
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Analysis 1: Epigenetic Only Model: Model Testing
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Figure 6-6: Area under the receiver operator curve (AUROC) for the random forest model
for the training and testing dataset.

At a cut off of 0.5, the random forest model achieved a sensitivity of 1.00 (95%Cl: 0.95-1.00)
and a specificity of 1.00 (95%Cl: 0.89-1.00) for the training dataset, and a sensitivity of 0.69
(95%Cl: 0.49-0.85) and a specificity of 0.67 (95% CI: 0.35-0.90) for the testing dataset. Given
the training dataset achieved an AUC of 1.00, it would suggest the data was overfitted; this
is backed up by the Delong test where the training and testing ROC curves demonstrated a
statistically significant difference (D statistic = 2.93, df = 40, p-value = 0.006). This would
imply the random forest model may be less reproducible and could suggest that the model
was overfitted on the training dataset hence its performance was worse on the testing

dataset.

Page 192 of 287



Chapter 6: Creating a Risk Prediction Model

To assess if a different model may be more reproducible during training and testing, | also
assessed the effect of the second-best performing model: support vector machines. This
achieved a median AUC of 0.69 (95% Cl: 0.55-0.82) during model generation with 10-fold
cross validation (Table 6-10). During model training this achieved an AUC of 0.92 (95% ClI:

0.84-0.99) in the training dataset and AUC of 0.83 (95% Cl: 0.69-0.96) (Figure 6-7).

At a cut off of 0.22, the support vector machines model achieved a sensitivity of 0.90 (95%
Cl: 0.74-0.98) and a specificity of 0.29 (95% Cl: 0.19-0.41) when reapplied to the training
dataset. For the testing dataset, the sensitivity was 1.00 (95% Cl: 0.74-1.00) and specificity
was 0.31 (95% Cl: 0.15-0.51). Delong’s test demonstrated no statistically significant
difference (D statistic = 1.10, df = 68.7, p=0.273) between the training and testing ROC

curves.
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Figure 6-7: Area under the receiver operator curve (AUROC) for the support vector
machines model for the training and testing dataset for analysis 1 (epigenetic features
only).

Analysis 2: Questionnaire Features Only Model

My next analysis looked at incorporating the 17 questionnaire features only. Although my
previous work had identified these features, they were trained on a larger population set
hence it was important to reassess model metrics and evaluate whether regularised logistic

regression remained the best performing model.
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Analysis 2: Questionnaire Features Only Model: Model Generation
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Figure 6-8: Boxplot of the seven machine learning models using questionnaire features in
discriminating between non cancer and cancer cases.

Model

Median AUROC
(IQR)

Median Sensitivity

(1QR)

Median Specificity
(1QR)

Classification and
Regression Tree (cart)

0.82(0.71-0.95)

0.93 (0.71-1.00)

0.66 (0.33-0.67)

k-Nearest Neighbour
(knn)

0.64 (0.53-0.82)

1.00 (1.00-1.00)

0.13 (0.00-0.33)

Support Vector
Machines (svm)

0.95 (0.87-1.00)

0.86 (0.75-1.00)

0.88 (0.67-1.00)

Random Forest (rf)

0.93 (0.83-0.95)

0.86 (0.86-0.86)

1.00 (0.42-1.00)

Linear Discriminant
Analysis (Ida)

0.92 (0.89-0.95)

0.86 (0.86-1.00)

0.66 (0.66-1.00)

Logistic Regression
(glm)

0.90 (0.79-0.95)

0.86 (0.75-0.56)

0.83 (0.67-1.00)

Regularised Logistic
Regression (glmnet)

0.98 (0.91-1.00)

0.93 (0.86-1.00)

0.83 (0.67-1.00)

Table 6-11: Table of median AUROC, median sensitivity and median specificity of the seven
machine learning models using questionnaire features in discriminating between non

cancer and cancer cases.

In contrast to the epigenetic only model, the best performing model with questionnaire only

features with the highest median AUROC was regularised logistic regression, with a median

AUROC of 0.98 (IQR: 0.91-1.00) (Figure 6-8 and Table 6-11). This was associated with an alpha

a=0.1 and A=0.053. In this model, the following features were dropped:

e Sex

e Acid or Sour Taste Present
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e Acid or Sour Taste Frequency

e Presence of Swallowing Pain

Analysis 2: Questionnaire Features Only Model: Model Testing

Applying this model back to the training dataset demonstrated an AUROC of 0.94 (95% Cl:
0.89-1.00). For the testing dataset, this model achieved an AUROC of 0.82 (95% Cl: 0.67-0.98)
(Figure 6-9). DeLong test performed did not show a statistical difference between the two

different ROC curves (D statistic = 1.44, df = 49.8, p=0.158).

At a cut off of 0.07, the model achieved a sensitivity of 0.97 (95%Cl: 0.83-1.00) and a
specificity of 0.38 (95%Cl: 0.26-0.50) for the training dataset and a sensitivity of 0.92 (95%Cl:

0.62-1.00) and a specificity of 0.28 (95%Cl: 0.13-0.47) for the testing dataset (Table 6-13).

| also assessed the performance of the second best model (support vector machines) on the
training and testing datasets. For the training dataset this achieved an AUROC of 0.93 (95%
Cl: 0.86-1.00); for the testing dataset AUROC was 0.89 (95% Cl: 0.77-1.00) (Figure 6-10).
Delong test performed between the training data and testing data ROC curves did not

demonstrate a statistically significant difference (D statistic = 0.688, df = 75.8, p = 0.494).
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Figure 6-9: Area under the receiver operator curve (AUROC) for the regularised logistic
regression model for the training and testing dataset for analysis 2 (questionnaire features
only).
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Figure 6-10: Area under the receiver operator curve (AUROC) for the support vector
machines model for the training and testing dataset for analysis 2 (questionnaire features
only).

| also performed Delong’s test for two correlated ROC curves to assess if there was a
difference between the ROC curves of the training and testing datasets between regularised
logistic regression and support vector machines. There was no statistically significant
difference in both the training dataset (Z = -0.589, p-value = 0.556) or the testing dataset (Z

=1.55, p-value = 0.122).

For the support vector machines model, at a cut off of 0.09, sensitivity was 1.00 (95% Cl:
0.89-1.00) and specificity was 0.13 (95% Cl: 0.06-0.23) for the training dataset. For the testing
dataset sensitivity was 1.00 (95% Cl: 0.74-1.00) and specificity 0.21 (95% Cl: 0.08-0.40) (Table

6-14).
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Analysis 3: Epigenetic and Questionnaire Features Combined Model

Finally, | created a model where epigenetic and questionnaire features were combined to

assess if there were additional synergies which could mean creating a more accurate model

in prediction.

Analysis 3: Epigenetic and Questionnaire Features Combined Model: Model Generation

Model

Median AUROC
(IQR)

Median Sensitivity

(1QR)

Median Specificity
(1QR)

Classification and
Regression Tree (cart)

0.85(0.69-0.91)

0.71 (0.71-0.96)

0.83 (0.67-1.00)

k-Nearest Neighbour
(knn)

0.64 (0.44-0.85)

1.00 (1.00-1.00)

0.13 (0.00-0.33)

Support Vector
Machines (svm)

0.95 (0.95-1.00)

0.86 (0.71-0.96)

1.00 (0.67-1.00)

Random Forest (rf)

0.93 (0.87-1.00)

0.86 (0.86-0.96)

0.67 (0.42-0.92)

Linear Discriminant
Analysis (Ida)

0.92 (0.90-0.96)

0.86 (0.86-0.96)

0.71 (0.67-1.00)

Logistic Regression
(gIm)

0.77 (0.61-0.94)

0.86 (0.84-0.86)

0.50 (0.33-0.92)

Regularised Logistic
Regression (glmnet)

0.95 (0.91-1.00)

0.93 (0.86-1.00)

0.83 (0.42-1.00)

Table 6-12: Table of median AUROC, median sensitivity and median specificity of the seven
machine learning models using both epigenetic and questionnaire features in
discriminating between non cancer and cancer cases.
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Figure 6-11: Boxplot of the seven machine learning models using both epigenetic and
questionnaire features in discriminating between non cancer and cancer cases.

The best performing model during model generation was regularised logistic regression

(median AUC: 0.95 (IQR: 0.91-1.00)) Table 6-12 and Figure 6-11). This was associated with
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a=0.1 and A=0.053). In the final regularised logistic regression model, several epigenetic and

questionnaire features were dropped. These were:

cg04096519
e g27123665
e g09771271
e Presence of Swallowing Pain

e Frequency of Consuming Fruit or Vegetables

The final model thus incorporated 4 epigenetic factors and 15 questionnaire based factors.
Support vector machines also performed similarly (median AUC: 0.95 (IQR: 0.95-1.00)) (Table

6-12 and Figure 6-11), hence was also further evaluated in model testing.

Analysis 3: Epigenetic and Questionnaire Features Combined Model: Model Testing

Applying the regularised logistic regression model de novo back to the training dataset
demonstrated an AUC of 0.96 (95% Cl: 0.90-1.00) for the training dataset and an AUC of 0.83
(95% Cl: 0.67-0.99) for the testing dataset (Figure 6-12). There was no statistically significant

difference between the two ROC curves (Delong test: D statistic = 1.49, df = 49.0, p = 0.143).

Similarly, applying the support vector machines model back to the training dataset
demonstrated an AUC of 0.95 (95% Cl: 0.89-1.00) for the training dataset and AUC of 0.89
(95% Cl: 0.78-1.00) for the testing dataset (Figure 6-13). There was no statistically significant

difference between the two ROC curves (DelLong test: D statistic = 1.07, df = 66.8, p = 0.288).

| also performed Delong test to assess if there was a difference for the ROC curves obtained
for the training and testing datasets for the two models. For the training dataset, there was
no statistically significant difference between the two different models (DeLong’s test for
correlated ROC curves: Z =-0.229, p-value = 0.82). Similar results were also obtained for the
testing dataset (DelLong’s test for correlated ROC curves: Z = 1.13, p-value = 0.260).
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At a cut off of 0.04, regularised logistic regression achieved a sensitivity of 0.97 (95% Cl: 0.83-
1.00) and a specificity of 0.23 (95% Cl: 0.14-0.35) for the training dataset. This compares to
a sensitivity of 0.97 (95% Cl: 0.83-1.00) and a specificity of 0.87 (95% Cl: 0.77-0.94) for the

training dataset for support vector machines at a cut off of 0.27 (Table 6-13 and Table 6-14).

In contrast, at the same cut offs for the testing data set regularised logistic regression
achieved a sensitivity of 1.00 (95% Cl: 0.74-1.00) and a specificity of 0.21 (95% Cl: 0.08-0.40).
This contrasts with support vector machines which achieved a sensitivity of 0.75 (95% Cl:

0.43-0.95) and a specificity of 0.72 (95% Cl: 0.53-0.87) (Table 6-13 and Table 6-14).
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Figure 6-12: Area under the receiver operator curve (AUROC) for the regularised logistic
regression model for the training and testing dataset for analysis 3 (epigenetic and
questionnaire features combined).
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Figure 6-13: Area under the receiver operator curve (AUROC) for support vector machines
model for the training and testing dataset for analysis 3 (epigenetic and questionnaire
features combined).
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Analysis 1 (Epigenetic Only)

Analysis 2 (Questionnaire Only)

Analysis 3 (Epigenetic and Questionnaire)

Best Model

Random Forest

Regularised Logistic Regression

Regularised Logistic Regression

AUC of 10 fold CV
(1QR)

0.88
(0.67-0.98)

0.98
(0.91-1.00)

0.95
(0.91-1.00)

Training Data

Testing Data

Training Data

Testing Data

Training Data

Testing Data

Cut Off

0.05

0.05

0.07

0.07

0.04

0.04

Sensitivity
(95% ClI)

1.00 (0.95-1.00)

0.67 (0.35-0.90)

0.97 (0.83-1.00)

0.92 (0.62-1.00)

0.97 (0.83-1.00)

1.00 (0.74-1.00)

Specificity
(95% ClI)

1.00 (0.89-1.00)

0.69 (0.49-0.85)

0.38 (0.26-0.50)

0.28 (0.13-0.47)

0.23 (0.14-0.35)

0.21 (0.08-0.40)

PPV
(95% C1)

1.00 (0.95-1.00)

0.47 (0.23-0.72)

0.41 (0.30-0.53)

0.34 (0.19-0.53)

0.36 (0.26-0.47)

0.34 (0.19-0.52)

NPV
(95% Cl)

1.00 (0.89-1.00)

0.83 (0.63-0.95)

0.96 (0.81-1.00)

0.89 (0.52-1.00)

0.94 (0.71-1.00)

1.00 (0.54-1.00)

Table 6-13: Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for the best performing models in all 3 analyses

(epigenetic features only, questionnaire features only and combined epigenetic and questionnaire features).
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Analysis 1 (Epigenetic Only)

Analysis 2 (Questionnaire Only)

Analysis 3 (Epigenetic and Questionnaire)

Best Model

Support Vector Machines

Support Vector Machines

Support Vector Machines

AUC of 10 fold CV
(IQR)

0.69
(0.55-0.82)

0.95
(0.87-1.00)

0.95
(0.95-1.00)

Training Data

Testing Data

Training Data

Testing Data

Training Data

Testing Data

Cut Off

0.22

0.22

0.09

0.09

0.27

0.27

Sensitivity
(95% Cl)

0.90 (0.74-0.98)

1.00 (0.74-1.00)

1.00 (0.89-1.00)

1.00 (0.74-1.00)

0.97 (0.83-1.00)

0.75 (0.43-0.95)

Specificity
(95% ClI)

0.29 (0.19-0.41)

0.31(0.15-0.51)

0.13 (0.06-0.23)

0.21 (0.08-0.40)

0.87 (0.77-0.94)

0.72 (0.53-0.87)

PPV
(95% Cl)

0.36 (0.26-0.48)

0.38 (0.21-0.56)

0.34 (0.24-0.45)

0.34(0.19-0.52)

0.77 (0.61-0.89)

0.53 (0.28-0.77)

NPV
(95% Cl)

0.87 (0.66-0.97)

1.00 (0.66-1.00)

1.00 (0.66-1.00)

1.00 (0.54-1.00)

0.98 (0.91-1.00)

0.88 (0.68-0.97)

Table 6-14: Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for the second best model for epigenetic features
only; the data is presented here due to the low reproducibility of the best performing model (random forest) in the testing dataset.
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Comparison between best model in each analysis

So far in the three different analyses | have analysed between epigenetic only features
questionnaire only features, and also combined questionnaire and epigenetic features in
predicting the presence of oesophageal cancer. Although Random Forest was the best
performing model during model generation in analysis 1 (epigenetic features only), it was
apparent that the model appeared to be overfitted and there was poor reproducibility
particularly during model testing. The overall second best model, Support Vector Machines
had improved reproducibility between training and testing datasets hence this was selected

as the ‘best model’ in analysis 1 instead for further head to head comparisons.

Using median AUROC of 10-fold cross validation during model generation as the comparator
metric, the best performing model was questionnaire features only (analysis 2: median
AUROC: 0.98 (IQR: 0.91-1.00), followed by combined epigenetic and questionnaire features
(analysis 3: median AUROC 0.95 (IQR: 0.91-1.00)) and epigenetic only (analysis 1: median
AUROC 0.69 (IQR: 0.55-0.82)). However, when using DelLong’s test to compare the AUROC
between the different models in pairwise comparisons, there was no statistically significant

difference for both training and testing datasets (Table 6-15).

Comparison | Analysis 1 v Analysis 2 | Analysis 1 v Analysis 3 | Analysis 2 v Analysis 3
Epigenetic Only vs Epigenetic Only vs Questionnaire Only vs
Questionnaire Only Epigenetic & Epigenetic &

Questionnaire Questionnaire

Dataset Training Testing Training Testing Training Testing

Z value -0.53 0.05 -0.79 -0.03 1.03 0.32

p-value 0.59 0.96 0.43 0.98 0.30 0.75

Table 6-15: Head to head comparisons between epigenetic only features only model,
questionnaire only features model and combined epigenetic and questionnaire features
model, using DeLong’s Test (with Z and p-values), for both the training and testing datasets.

6.4.5 Discussion

My analyses demonstrate that both a panel of epigenetic and questionnaire factors could be

employed to predict whether an individual may have oesophageal cancer. During model
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development, | was able to achieve a median AUROC of 0.98 (for the questionnaire only
model) suggesting a high degree of accuracy in my predictions. Interestingly, there was no
statistically significant difference between an epigenetic features only model, a
guestionnaire only model and a combined epigenetic and questionnaire feature model. This
would suggest that there is little synergistic effect between epigenetic and questionnaire

features in the prediction of oesophageal, or even digestive system cancers.

Epigenetic factors including DNA methylation markers have previously shown promise in the
diagnosis of BO, OSCC and OAC as a combined entity, with a quoted AUC of 0.922.2%°
Furthermore, epigenetic panels have also been found to be able to detect OAC and high
grade dysplasia compared to normal or low grade dysplasia.??® However, questions remain
how reproducible each individual panel may perform between different populations. In
addition, there is very limited published data on the combination of epigenetic factors and
questionnaire data in the prediction of oesophageal cancer, or indeed gastroenterological
cancers. Some limited evidence exists for cancer in general; a large study published in 2021
consisting of 72,284 breast cancer cases and 80,354 controls looked at a polygenic risk score,
which contained 313 single nucleotide polymorphisms (SNPs) and questionnaire based
breast cancer risk factors.??! The only statistically significant feature was family history which
is perhaps unsurprising. However, further modelling completed by the authors did suggest
that there may be a stronger impact on absolute risk reduction of host risk factors for women
at higher background genetic risk.??! Thus, it would appear that epigenetic factors combined
with questionnaire data may have limited utility in diagnosis or predicting an individual’s risk
for cancer. Indeed, | did not detect a statistically significant difference between the 3
analyses | conducted, suggesting that the combination of epigenetic factors combined with
questionnaire only features did not confer any additional advantages compared to a

questionnaire only approach.
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6.4.6 Limitations

The major limitation is that the number of patients in this study is relatively small. In total
there were 141 patients in the study, of which 43 patients had the target condition (cancer).
As this was a case-control based study, patients were recruited when they were known to
have cancer, and hence subject to recall bias in particular when completing the
guestionnaire. Furthermore, as | did not have enough data available, | was only able to train
and subsequently test my machine learning models and not perform any validation. This
therefore limits the robustness of my model and also its generalisability and reproducibility

to other cohorts and populations.

6.5 Chapter Conclusions

Using a machine learning approach, | was able to create a risk prediction model using a
guestionnaire approach for the detection of oesophageal cancer on a cohort of 807 patients,
which was subsequently validated on a further 294 patients. | was able to achieve an AUC of
between 0.71 to 0.92 during testing and validation. | was also able to demonstrate that my
model performed better than existing risk triaging models such as the Edinburgh Dysphagia
Score. In a pilot study my model also demonstrated an AUC of 0.78 in the detection of gastric
cancers, which could suggest there could be scope to extend the remit of the model to detect
both oesophageal and gastric cancers. My model now needs further testing in larger,

prospective cohorts to ensure its reliability.

In addition, | demonstrated that an epigenetic panel, a targeted questionnaire or both used
in combination with each other could be used to predict the presence of oesophageal cancer.
However, there did not appear to be a statistically significant difference between these
models, although this was tested on a relatively small dataset, and without external
validation. While this is potentially an exciting area of development, at present | would

advocate using questionnaire based models for risk prediction of oesophageal cancer. These
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have the advantage of being relatively cheap to administer and could potentially also be
done by patients prior to attendance to either primary or secondary care appointments, with

the result being available during the consultation.
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Chapter 7: Faecal Immunochemical Testing for Triaging Lower
Gastrointestinal Referrals

7.1  Chapter Introduction

Colorectal cancer represents a major health burden globally, where it is the third most
common diagnhosed cancer and fourth most common cause of cancer related death.???
Importantly, incidence is rapidly increasing in lower to middle income countries, and by 2030
it is expected there will be 2.2 million cases and 1.1 million deaths as a result of colorectal
cancer annually.??? In the United Kingdom (UK) it is the 4" most common cancer with
approximately 42,000 new cases per year.2?3 One of the strategies for detecting colorectal
cancer early is through the use of population level screening, where asymptomatic
individuals are asked to complete a screening test, and higher risk individuals are invited for
further investigations. Currently, the UK Bowel Cancer Screening Programme (BCSP) offers

individuals aged between 50 and 74 to complete screening using the faecal immunochemical

test (FIT).2%

7.2 Aims

It has been proposed that FIT triaging could be employed to manage the COVID-19 related
backlog.??> Implementation of FIT triaging at 10ug Hb/g of faeces could mitigate 89% of
deaths attributable to delays in the 2-week wait (2ww) colorectal pathway, but still reduce
immediate demand for colonoscopy by more than 80%.2%° | was therefore interested in
assessing the performance of FIT and patient outcomes, such as the development of polyps

and cancers, and assessing if safety netting of FIT negative patients could be improved.
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7.3  Background of FIT

The original test for faecal haemoglobin was the guaiac faecal occult blood test (FOBT).
Faecal haemoglobin is detected by the addition of hydrogen peroxide, where oxidation of
haem leads to a colour change.??® However, the guaiac method typically can only detect
faecal haemoglobin concentrations greater than 600ug Hb/g, thus having high false negative
rates.??® This has been superseded with FIT, which represents a major improvement over
guaiac FOBT as it is not affected by diet or Vitamin C.2?7 It is also easier to collect by the
patient compared to FOBT, requiring fewer faecal samples and uses more acceptable stool
sampling implements such as brushes and probes.??” FIT is an immunoassay and forms
antigen-antibody complexes with human haemoglobin.??® The concentration of antigen-
antibody complexes can then be quantified using an immunoturbidimetry or light-based
methods.??® Theoretically, more advanced pathology such as cancer would bleed more and
lead to higher levels of FIT compared to less advanced pathology such as adenomas.??’ This
then also allows the end user to set cut offs and determine sensitivity and specificity of the
test and could be set at a threshold which balances the need of reducing the false negative

rate but also ensures endoscopy demand is managed.?’

Several manufacturer kits are available for quantification of FIT. These include the OC Sensor
(Eiken Chemical, Japan), HM-JACKarc (Hitachi Chemical Diagnostic Systems Co., Ltd, Japan)
and FOB Gold (Sentinel Diagnostics, Italy) which were recommended for adoption into
primary care.??® These systems however are all individually patented, with no
standardisation with regards to collection devices, buffer solutions or analytical methods.??°
In addition, there may be globin degradation between sample collection and analysis, unless
stabilisers are added to the buffer solution.??® Notably there is performance variation

between the different assays, hence results between different manufacturer kits should not

be compared with each other.??® A recent study compared the OC-Sensor and HM-JACKarc
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demonstrated an overall Spearman’s Correlation Coefficient rho=0.74, although this reduced
to rho=0.26 for measurements of FIT around 10ug Hb/g. There was an agreement rate of

91.7% at a cut off of 10ug Hb/g.2*®

7.3.1 Evidence for FIT in screening for colorectal cancer

Since the introduction of FIT, several studies have been published detecting colorectal cancer
or colorectal adenocarcinoma assessing the performance of FIT on a population level. These
are summarised in Table 7-1. These studies have been identified from the reference list of
two recent meta-analyses published, rather than constitute a de novo systematic

review.230.231
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Lead Author Year Journal Threshold Sensitivity Specificity PPV NPV Cancers below
(10ug Hb/g) % (95% ClI) % (95% ClI) % (95% ClI) % (95% ClI) threshold (FN) (%)

Ayling R232 2021 J Clin Path <10 87.5 52.6 6.6 99.1 1/8 (13%)
(47.4-99.7) (45.6-59. 6) (5.0-8.7) (94.6-99.9)

Bailey $233 2021 Br J Cancer <10 84.3 85.0 7.0 99.8 8/51 (16%)
(71.4-93.0) (83.8-86.1) (5.1-9.3). (99.5-99.9)

Chapman C234 2019 BJS Open <10 875 735 14-6 99-1 5/40 (13%)
(73-2-95-8) (70-2-76-6) (10-4-19-8) (98-0-99-7)

D’Souza N 2021 Gut <10 90.9 83.5 16.1 99.6 30/329 (9.1%)

(NICE-FIT)235 (87.2-93.8) (82.8-84.3 (14.4-17.8) (99.5-99.7)

Khan A236 2020 BJS Open <10 85-1 83-5 226 99-0 7/47 (15%)
(71-0-93-3) (80-8-85-8) (16-0-28-3) (97-9-99-5)

LaszloH 2021 BrJ Cancer <10 83.3 80.1 9.7 99.5 15/90 (17%)

(qFIT)21 (75.6-91.0) (78.9-81.4) (7.6-11.8) (Cl not stated)

Mattar R237 2020 Arq Gastro <10 83.3 86.9 17.8 82.2 1/6 (17%)
(36.5-99.1) (77.3-92.9) (10.8-27.5) (72.4-89.2)

Mowat C238 2016 Gut <10 89.3 79.1 14.2 99.5 3/28 (11%)
(ClI not stated) (ClI not stated) (ClI not stated) (ClI not stated)

Navarro M?23°2 2020 Front Med <10 94.4 75.1 16.5 99.6 2/36 (5.6%)
(81.9-98.5) (71.8-78.2) (12.1-22.2) (98.6-99.9)

Nicholson B240 2019 Frontline Gastro | <10 85.7 90.5 21.4 99.5 1/7 (14%)
(42.1-99.6) (85.9-93.9) (8.3-41.0) (97.4-100)

Nicholson B241 2020 Aliment Pharm <10 90.5 91.3 10.1 99.9 12/105 (11%)

Ther (84.9-96.1) (90.8-91.9) (8.2-12.0) (99.8-100)

Rodriguez-Alonso | 2015 Dig Liv Disease <10 96.7 79.8 15.0 99.9 1/30 (3.3%)

242 (82.2-99.9) (77.1-82.2) (Cl not stated) (ClI not stated)

Tsapournas G243 2020 Scan J Gastro <10 92.3 77.3 18.8 99.4 1/13 (7.7%)
(77.8-100) (71.9-82.7) (9.2-28.4) (98.2-100)

Turvill K244 2021 BIGP <10 87.4 80.9 12.4 99.5 19/151 (13%)
(81.0-92.3) (79.7-81.9) (10.4-14.5) (99.3-99.7)

Table 7-1: Summary of studies which have set a FIT threshold of <10 and their sensitivity, specificity, positive predictive value (PPV) and negative predictive

value (NPV) with associated 95% confidence intervals (95% Cl). FN=False Negative
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Most studies achieved a sensitivity of greater than 80% for the detection of cancer, although
there was sometimes a large confidence interval due to the small number of incident cases
of cancers detected within a single study. As an example, one study with only six cases of
cancer demonstrated a sensitivity of 83.3% (95% Cl: 36.5-99.1).% Specificity ranged from
52.6% to 91.3%.2322%1 Although the majority of studies were conducted within the UK, one

243 and two in Spain.?39242 A systematic review and

was conducted in Brazil,*” one in Sweden,
meta-analysis of 15 prospective studies consisting of over 28,000 patients found a pooled
summary sensitivity of 88.7% (95% Cl: 85.2-91.4) and pooled summary specificity of 80.5%
(95% ClI: 75.3-84.8) for the detection of colorectal cancer at a FIT threshold of <10ug Hb/g.%°
The authors also performed subgroup analyses by assay type. At the same FIT threshold, six
studies evaluated HM-JACKarc, while five evaluated OC-Sensor. For HM-JACKarc, sensitivity
was 88.4% (95% Cl: 84.8-91.3) and specificity was 82.2% (95% Cl: 80.3-83.9).2°° Meanwhile,
sensitivity was 87.8% (95% Cl: 72.9-95.0) and specificity was 82.4% (95% Cl: 60.3 to 93.5) for
0C-Sensor.2®? This data therefore suggests that a FIT threshold of <10ug Hb/g can be used to
exclude colorectal cancer in symptomatic patients. A further use of the FIT could be in risk
triaging patients, where patients with a FIT 210ug Hb/g could be deemed high risk and have
their investigations for colorectal cancer prioritised. However, FIT performs less well for the
detection of high risk findings per BSG criteria, which is defined by 22 premalignant polyps
including 1 advanced polyp or =5 premalignant polyps.?* A multi-centre study by
Chandrapalan et al. compared the use of volatile organic compounds (VOC) in urine
compared to the FIT in detecting high risk findings.?*® For FIT, the sensitivity was 54% (95%
Cl: 43-65) while specificity was 79% (95% Cl: 73-84).2¢ This compares with VOC which had a
sensitivity of 94% (95% Cl: 88-98) and specificity of 69% (95% Cl: 64-75).%4¢ This would suggest
that FIT is inferior to VOC in detecting high risk findings, although the authors recommended

that FIT could be used a second step after VOC testing.2*® The study would also suggest that

FIT alone should not be relied on for high risk polyp detection.?*® This is confirmed by a UK
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based multicentre observational study which also demonstrated low sensitivities of 34.9%

247

and 46.8% for all polyps and high risk polyps respectively at a FIT threshold of 4ug Hb/g.

7.3.2 Use of FIT in the United Kingdom

In 2017, NICE published guidance on the use of FIT for lower risk patients who did not meet
more stringent suspected cancer guidelines, known as DG30.228 This guidance was aimed at
patients who did not meet the guidelines for suspected lower gastrointestinal (LGI) cancer,
where patients would otherwise be referred under a 2ww pathway. It suggested that
patients who were at low risk of colorectal cancer with an absence of red flag symptoms
could be offered a FIT for triaging, with the potential that these patients could be managed
within primary care. FIT was subsequently introduced as part of the UK BCSP in June 2019,
replacing the gFOBT, where patients testing over the higher threshold of 120ug Hb/g of
faecal haemoglobin are offered a colonoscopy.>® The higher threshold was deliberately
chosen to avoid BCSP colonoscopy lists being overwhelmed with demand as a lower
threshold would have a very low specificity. However, this higher threshold has a sensitivity
of only 48.9% for detecting colorectal cancer.>® This could mean 51% of colorectal cancers
present at the time of sampling are missed when compared to a lower threshold of 20ug

Hb/g.%

As discussed earlier in Chapter 5: Effect of COVID-19 on Gastrointestinal Services, COVID-19
led to significant changes in the delivery of care within gastroenterology, the most significant
of which was the decline in number of procedures being performed and the corresponding
rise in waiting lists. As the first wave of the pandemic stated to wane in the United Kingdom
in June 2020, guidance was issued by the NHS England where FIT testing was extended to
cover 2ww suspected lower gastrointestinal (LGI) cancer referrals (NG12).2* Patients who
had a FIT 210pg Hb/g of faecal haemoglobin or had high risk features such as iron deficiency

anaemia, palpable abdominal mass, rectal bleeding or obstructive symptoms were
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recommended to be referred to hospital as usual for further investigations, such as a
colonoscopy.?*® However, patients with a FIT <10ug Hb/g were recommended to be placed
on a patient tracking list and be safety netted. This in effect meant that FIT could be seen as
a diagnostic test rather than a triaging test.?* There is some real-world evidence of this
guidance working in practice; in a case series of 381 patients adoption of FIT triaging reduced
the number of colonoscopies being referred through 2-week wait pathways by nearly half,
without a detrimental effect on cancer detection rates.?*° Patients with a FIT <10ug Hb/g
were safety netted and asked to return to their GP if symptoms returned or persisted.?*°
However, The British Society of Gastroenterology (BSG) Endoscopy COVID-19 working group
were concerned of ‘unintended consequences’ if there was premature use of FIT as a
diagnostic tool for colorectal cancer.?* Furthermore, there was concern that given there was
a singular focus of diagnosing or excluding cancer, patients with other gastrointestinal
diseases may be harmed and need re-referral, adding to the burden of COVID-19 related

backlogs.?*

It was also unclear what should constitute safety netting, although duplicate or
repeated FIT testing has been touted as a possible solution. Finally, uptake by GPs may be a
concern; a survey done in 2018 suggested there was low acceptability of using FIT as a rule
out test, with less than half perceiving it to be accurate and preferring over colonoscopy.?*!

However, increased awareness, education, and changes to guidelines as a result of COVID-

19 are likely to have improved acceptability since the survey was completed.

7.3.3 Piloting A New Safety Netting Pathway

While safety netting of patients who test below the FIT threshold of 10ug Hb/g has been

recommended,?® what is less clear is how this should operate. Some key questions include:

e Should the responsibility remain within primary care or transferred under secondary

care, as patients should be placed on patient tracking lists
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e What should be safety-netting protocol be? This could range from a follow-up with
a clinician, additional tests such as a repeat FIT or blood tests
e What would be the optimum time period for repeat tests? In particular, is there an

optimum time period for a repeat FIT?

7.3.4 Problems with a Single FIT Strategy

One major concern of using a single FIT on its own as a means of triaging patients at risk of
colorectal cancer is that in some studies up to 10% of patients with colorectal cancer would
not be detected if a threshold of FIT <10ug Hb/g was solely used.3>%>? A meta-analysis
suggested that there was an 8.7% cancer miss rate pooled across 9 studies from the United
Kingdom, although there was significant heterogeneity between the studies.?®! Indeed, if
focussing on the number of cancers that occur in patients below a FIT <10ug Hb/g (i.e. false
negative rate) (Table 7-1), this was as high as 17% in two studies.?*?3” While incident cases
of colorectal cancers are low especially in population-based studies, nonetheless there is a
strong argument to ensure sensitivity is as close to 100% as possible, thereby reducing the
false negative rate and reducing the impact of delayed diagnose of cancer would have on
individuals. One strategy proposed could be a duplicate FIT testing strategy as a means to try

to increase the sensitivity of FIT overall.

7.3.5 Duplicate FIT Testing

The evidence for duplicate FIT testing initial came from bowel cancer screening in the
Netherlands. It found that patients with two FITs recorded at 8ug Hb/g were 14 times more
likely to develop advanced colorectal neoplasia, compared to patients with two FITs
recorded at Opg Hb/g.?>® A further Swedish prospective study with symptomatic patients
who completed two FITs a few days apart found that while a single FIT missed one out of 13
cancers, a two FIT strategy identified all cancers.?* More recently, two UK based studies have

assessed the feasibility of a duplicate FIT testing strategy in ruling out colorectal cancer. The
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first was performed in England in a population sample of 28,622 patients; two-thirds of
patients (18,952) had two FITs below threshold of 10ug Hb/g.?** While seven patients
developed colorectal cancer in the two FIT below threshold group, all had high risk features
such as iron deficiency anaemia which would have prompted further investigation regardless
of the FIT result.?>* A further study in Scotland consisting of 5,761 patients found that of the
3,487 patients who had two FITs below threshold of 10ug Hb/g, three subsequently tested
positive for colorectal cancer, of which two were anaemic, although it was unclear if they
had additional high risk features.?>> The authors concluded that duplicate FIT testing, spaced
one year apart, could be used as a safety netting strategy.?> Indeed, there are significant
cost benefits for using FIT rather than referring onward for further investigation. A single FIT
costs from £1.96 to £6.04 depending on the kit manufacturer, compared to £136 for a CT
colonography and £372 for a colonoscopy.??® However, one major drawback of using
duplicate FIT testing is that there can be sampling variation, as blood may not be evenly

distributed within a stool sample.?*

7.4 Retrospective Audit of FIT in Barnet

To understand what may constitute optimum safety-netting a 1-year pilot service evaluation
project was started in North Central Thames in April 2021, which was subsequently
relaunched in June 2022 due to initial implementation issues. Patients with lower abdominal
symptoms and who also had a FIT of <10ug Hb/g were invited to a dedicated follow-up clinic,
where they would be reviewed by a hospital clinician 8 to 10 weeks after their referral. They
would also complete a second FIT. If a patient had two below threshold FIT results, they
would be referred back to primary care with long term safety-netting, with more defined

guidance as to what this should entail . %®

| used data from the EMIS General Practice Database to assess the historical trends of the

use of FIT prior to the service evaluation project being rolled out. The dataset has been
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formally introduced in Chapter 4: Datasets and Data Curation. Briefly, this contains
anonymised data on 23,383 individual patients, with 76,421 FIT results. There was also data
available on 2ww lower gastrointestinal (LGI) referrals and subsequent colorectal cancer

diagnoses.

7.4.1 Aims

In this audit | aimed to:

1. Audit the historical use of FIT in Barnet from January 2019 onwards
2. Assess the diagnostic performance of FIT

3. Assess if performing duplicate FITs could be used as part of a safety netting strategy

7.4.2 Methods

Data Cleaning

| performed data cleaning prior to analysis. | first removed any duplicate entries for both
laboratory results and diagnoses. In addition, some results were recorded as below the lower
limit of detection for the assay (e.g. <4ug Hb/g). As these types of readings could not
otherwise be analysed in combination with other results, | recoded them without the less
than (<) symbol. | also only analysed data from 1 January 2019 onwards; this was because
most FIT results prior to this date were qualitative, with results stating either ‘positive’ or
‘negative.” Subsequently, it was unclear what threshold these were used, and it was likely
some of these results arose from the Bowel Cancer Screening Programme (BCSP), which has

a higher threshold cut off value.

Endpoints

| created two distinct end points:

1. Cancer: this endpoint was defined as lower Gl cancer of any histology

Page 218 of 287



Chapter 7: Faecal Immunochemical Testing for Triaging Lower Gastrointestinal Referrals

2. Cancer and polyp

To ensure that these endpoints occurred after a valid test result, | removed any diagnoses
that had occurred before any FIT result. To capture as much information as possible | used a
free text search strategy whereby synonyms and subtypes for colorectal cancer (e.g. sigmoid
carcinoma, sigmoid adenocarcinoma, rectosigmoid cancer) were grouped together. |
completed the same process for IBD diagnoses as well (e.g. Crohn’s disease and ulcerative

colitis).

Clinical Parameters
Laboratory values including haemoglobin, mean cell volume, platelet count, serum ferritin
and serum C-reactive protein were included. | defined anaemia in females as <120 g/dL and

in males <130 g/dL, as per World Health Organization (WHO) definitions.?’

Statistical Analyses

To avoid duplicate counting of cases, | analysed FIT results by patient. In the case of there
being multiple FIT results, | took the highest valid reading that the patient had. | performed
all statistical analyses and created graphical plots using R software v 4.2.1. | performed chi-
squared tests to compare between categorical variables and t-tests between continuous
variables. To assess for correlation, | used the rho statistic, also known as Pearson correlation

coefficient.

7.5 Results

7.5.1 Demographic Information

The mean age was 60.8 years, with a standard deviation of 17.6. 55.2% of the dataset was

female.
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7.5.2 FIT Results

After data cleaning and removal of duplicate and qualitative FIT results, 16,082 unique
patients with 18,430 FIT results were available for analysis. FIT results were taken from
January 2019 to March 2022. Table 7-2 demonstrates the number of FIT readings. Notably,

2,046 patients had at least 2 different FIT readings.

Number of FIT Readings Number of Patients (% overall)
At least 1 16,082 (87)

At least 2 2,046 (11)

At least 3 250 (1)

At least 4 34 (0)

At least 5 8 (0)

At least 6 *1 (0)*

Table 7-2: Number of FIT readings and the corresponding number of patients.

*One patient had 15 different unique FIT readings.
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7.5.3 Distribution of FIT Results by Value
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Figure 7-1: FIT values within database

Figure 7-1 shows the distribution of FIT values across the database. 19% (3,464/18,430)
results were 10ug Hb/g or above. The most common value was 4ug Hb/g, likely as results

marked was below the limit of detection (<4pg Hb/g) were changed to 4 for statistical

analysis purposes.
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7.5.4 Distribution of FIT Results by Date

Apr-18 Oct-19 Apr-20 Oct-20 Apr-21 Oct-21 Apr-22

750

=

5001

=]

Mumber of FIT Tests

2501

=

[=1

Figure 7-2: FITs performed on a monthly basis from January 2019 to March 2022

Figure 7-2 demonstrates the number of FITs performed on a per month basis across Barnet.
There was a noticeable drop in the number of tests carried out at the start of the 1°* COVID-
19 lockdown in April 2020, with 98 tests performed. This was at 29% of the pre-pandemic
peak of 334 tests in February 2020. By June 2020 however, the number of FITs had recovered
to pre-pandemic levels (362 tests). Notably, this was at the time when NHS England
recommended the use of a FIT to accompany all 2ww LGl referrals.'*? FITs reached a peak in
September 2020 (647 tests) before dropping slightly in January 2021 (480 tests), coinciding
with the 3™ national lockdown. Since then, there has been a continued upward trend in the
number of FITs being done, with smaller drops seen in May and December 2021. The highest

number of tests done in a month was 871, achieved in October 2021.
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7.5.5 Single FIT and Cancer
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Figure 7-3: Boxplot of maximum FIT value of each patient (on a logarithmic scale) and
cancer state

There were 101 new colorectal cancer cases in this dataset. Cancer cases were associated
with a higher FIT value than non-cancer cases (cancer median FIT = 194ug Hb/g (interquartile
range (IQR) = 204), non-cancer median FIT = 4ug Hb/g (IQR = 3)) (Figure 7-3). This was

statistically significant (p<0.001).
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Figure 7-4: Receiver operator curve (ROC) for FIT and the detection of cancer

| also assessed the performance of a single FIT for the detection of cancer. Table 7-4
demonstrates the sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) for different cut offs. The corresponding receiver operator
characteristic (ROC) curve is shown in Figure 7-4. This demonstrates that consistent with
published literature a FIT threshold of <10ug Hb/ gives an NPV of 100%. However, it is worth
noting 13% (13/101) of diagnosed cancers did not have a FIT <10ug Hb/g. These patients are
outlined in Table 7-3. Importantly, only 5/13 (38%) patients who had clinical blood results

available were actually anaemic, and only one of those patients was microcytic.
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g Haemoglobin | Mean Cell Platelet
Identifier Age Sex (g/dL) Volume (fL) Count
(x10%/1)
02a07979-0b36-eff3-3abe-
e08b145a7106 38 Male 119 87.4 230
09739ebb-3afd-5354-4bc6-
d3786a24cc90 68 Male 134 99.5 288
30f02d78-c8de-49d3-7c7e-
206136663384 72 | Female 135 94.8 292
3b12a73f-32ee-fabd-6013-
db22fc819a77 89 Male NA NA NA
421a7505-eaa2-c870-2131-
32ef7e891218 83 | Female 114 84 306
46d70a53-3569-6048-d053-
85d4e9cb6041 52 Male 135 85.4 326
80a47201-4e12-60f0-9faa-
04c948381833 58 | Female 130 88.4 247
bbf94ed8-3365-24d0-5d56-
08e99cf0a62d 77 Male 80 93.9 265
c0b514fd-0c79-c037-a6f2-
e878d36b733b 70 Male 103 95 284
c9ef6434-5860-fcOb-853e-
5e5df64beea9d 93 | Female 55 58.5 273
df2b3720-1171-53d7-5db1-
09ed7ff7b702 61 Male NA NA NA
f69db5c4-905a-328d-6137-
€392350bcc71 60 Male 138 82.3 352
fa80bef6-0298-3eeb-0bd5-
9flc6e6l6a7e 81 Male 145 89.5 302

Table 7-3: Clinical parameters for the 13 patients who had a FIT <10ug Hb/g who were
diagnosed with cancer
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FIT Threshold True Positive True Negative Fals'e' False Negative Sensitivity Specificity PPV NPV p-value
(ug Hb/g) (Cancers Correct) Positive (Cancer Incorrect) | (95% ClI) (95% Cl) (95% Cl) (95% Cl)

4 100 >02 15,479 1 (1(5(.);9-1.00) ?(5(.)011-0.01) ?(5?()33-0.03) ?6?995-1.00) 0.380

6 1 10,926 2055 10 ?(;?8()3-0.95) ?(‘)?8-0.69) ?(.)9021-0.02) (li(.)(())o-l.oo) <0.001
8 8 12,150 3,831 12 ?(‘)?:0-0.94) ?(;.77635-0.77) ?(.)9022-0.03) (110(())O 1.00) <0.001
10 88 12,802 3179 13 ?(‘)?779-0.93) ?(‘)?709-0.81) ?(.)9032-0.03) (110(())O 1.00) <0.001
15 8 13,644 2,337 18 ?(‘)?723-0.89) ?(‘)?855-0.86) ?6?033-0.04) (110(())0 1.00) <0.001
20 81 13,989 1,992 20 ?(5?701-0.87) ?(5?887-0.88) ?(5(.):3-0.05) (110(?0 1.00) <0.001

Table 7-4: Correlation matrices and performance metrics (sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for
different thresholds of FIT and the detection of cancer.

P-values are from Fisher’s Exact Test or Chi-squared test comparisons. 95% Cl = 95% confidence interval
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7.5.6 Single FIT and Cancer and Polyps

Wilcoxon, p <= 2 2e-16 .

1000

FIT Value (Log Scale)

—

1 L]

Cancer/Polyp Mo Cancer/Polyp

Figure 7-5: Boxplot of maximum FIT value of each patient (on a logarithmic scale) and
cancer or polyp state

457/16,802 (2.7%) of patients were diagnosed with the combined endpoint of cancer or
polyps. Similar to cancer as a single outcome, a higher FIT was significantly associated with a
diagnosis of cancer or polyp. Median FIT was 25ug Hb/g (IQR: 119) for the cancer and polyp
group, compared to 4ug Hb/g (IQR: 3) for the no cancer and polyp group (p<0.001) (Figure
7-5). Similar to cancer, a FIT of <10ug Hb/g was also associated with a NPV of 99.9% for
excluding the presence of cancer or polyps (Table 7-5). This was associated with an AUC of

0.77 (Figure 7-6).
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Figure 7-6: Receiver operator curve (ROC) for FIT and the detection of cancer or polyps
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FIT True Positive False False
Threshold (Cancer/Pol True Positive Negative Sensitivity Specificity PPV NPV P-value
yp Negative (Cancer/Polyp | (95% ClI) (95% Cl) (95% Cl) (95% Cl)
(ng Hb/g) Correct)
Incorrect)
0.98 0.03 0.03 0.99
4 4 4 15,12 7 .064
>0 96 >123 (0.97-0.99) (0.03-0.03) (0.03-0.03) (0.97-0.99) 0.0640
0.74 0.69 0.07 0.99
10,82 4 11 .001
6 339 0,820 805 8 (0.70-0.78) (0.69-0.70) (0.06-0.07) (0.99-0.99) <0.00
0.71 0.77 0.08 0.99
2 12,034 1 131 .001
8 326 /03 3,59 3 (0.67-0.75) (0.76-0.78) (0.07-0.09) (0.99-0.99) <0.00
0.69 0.81 0.10 0.99
1 14 12,674 2,951 14 .001
0 3 /6 93 3 (0.64-0.73) (0.80-0.82) (0.09-0.11) (0.99-0.99) <0.00
0.57 0.86 0.11 0.99
1 262 13,467 2,1 1 .001
> ° 346 18 > (053-062) | (0.86:087) |(0.10-012) |(0.98:099) | <“%
0.53 0.88 0.12 0.98
2 241 13,7 1,832 21 .001
0 3,793 /83 6 (0.48-0.57) (0.88-0.89) (0.10-0.13) (0.98-0.99) <0.00

Table 7-5: Correlation matrices and performance metrics (sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for
different thresholds of FIT and the detection of cancers and polyps as a composite endpoint.

P-values are from Fisher’s Exact Test or Chi-squared test comparisons. 95% Cl = 95% confidence interval
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7.5.7 Duplicate FIT Testing

7.5.8 Characteristics of FITs

Figure 7-7 demonstrates the correlation between 1%t and 2" FIT values, with the axes
truncated at 1250ug Hb/g. There was a generally poor positive correlation (rho = 0.2). Figure
7-8 shows the same correlation graph between 15t and 2" FIT values but stratified by the
time interval between the two different tests. There was a general downward trend of rho
as the time interval between tests increased: at a time interval of less than 3 months rho

equalled 0.29, compared to 0.13 for a time interval of 12 months or more.

7.5.9 Duplicate FIT Testing and Cancer

2,046 patients had at least 2 FIT values available for analysis. There were only four cancers
diagnosed in this cohort (Table 7-6). There was only one patient who had a 1% FIT result of
<10pg Hb/g and a 2" FIT >10pg Hb/g. In addition, this patient was not anaemic. Therefore,
a duplicate FIT testing strategy could theoretically have identified an extra case of colorectal

cancer in this dataset.

7.5.10 Duplicate FIT Testing and Cancer or Polyp
98/2,046 (4.8%) patients who had at least 2 FIT values had a composite diagnosis of cancers
or polyps. At a FIT threshold of <10ug Hb/g, there was a sensitivity of 59.2%, specificity of

69.9%, PPV of 9.0% and NPV of 97.1%.

When assessing the 98 patients who had a confirmed diagnosis of either cancer or polyps,
only 58 (59.2%) had at least one FIT value 210ug Hb/g. Furthermore, of the 60 patients who
had a below threshold 1 FIT, 19 (31.7%) subsequently had a FIT which was >10ug Hb/g.

Therefore, a second FIT could potentially identify these patients for investigation.
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1%t Reading 2" Reading
Identifier Age | Gender FIT HaenTo- Mean Cell Platelet FIT Haen'.lo- Mean Cell Platelet Dl.fference
(ug Hb/g) globin Volume (fL) Count (1g Hb/g) globin Volume (fL) Count in Days
(/dL) (x10%/1) (g/dL) (x10°/1)
71084ed8-dbd8-
d5a1-99b9- 62 Male 18 108 58.7 299 4 114 59.8 355 169
ab28a85dee59
fa80bef6-0298-
3eeb-0bd5- 81 Male 4 145 89.5 302 4 128 93.4 341 299
9flc6e616a7e
fc910182-0366-
7ab2-320e- 62 Male 487 NA NA NA 875 NA NA NA 21
62199ca49c7c
ffd8dc29-514d-
99b4-0554- 77 | Female 4 131 102.2 284 16 139 99.8 285 32
3¢39c2a77376

Table 7-6: Patients with 2 FIT results who were subsequently diagnosed with cancer.

The patient highlighted in bold had a 1st FIT <10pug Hb/g and 2nd FIT >10ug Hb/g.
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Figure 7-7: Overall correlation between 1% and 2™ FIT value.
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Figure 7-8: Correlation between 1% and 2" FIT value, stratified by time interval between
FITs.
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7.6 Discussion

7.6.1 Usage of FITs

Given the large-scale disruption COVID-19 had in the delivery of healthcare, it is unsurprising
that there was disruption in the number of FITs being performed in Barnet during the COVID-
19 pandemic. However, within three months the number of FITs performed had recovered
to pre-pandemic levels and has remained above pre-pandemic levels since then. This is
unsurprising given the guidance that was issued by NHS England with regards to FIT as a
triaging tool for patient with LGl symptoms.2*®2% |t is unfair to make head-to-head
comparisons between colonoscopy and FIT testing, as one is designed to be a gold standard
diagnostic test while the other is a screening test but FIT has several inherent advantages in
the era of COVID-19. The sample collection can be done by patients themselves at home and
does not require personal protective equipment, which was in shortage especially in the

early phase of the pandemic.***

7.6.2 Performance of FITs

My results demonstrate firstly that the endpoints of cancer alone and cancer combined with
polyps were associated with a higher median FIT value. Furthermore, a single FIT set at a
threshold of 10ug Hb/g has an NPV of 100% for excluding cancer. This is similar to published
studies, confirming the effectiveness of using FIT as a rule out test for cancer.?2* However,
it should be noted that at this threshold using FIT alone as a triaging criterion in this series
would have missed 13/101 (13%) of cancers. Moreover, even when incorporating anaemia,
8/101 (8%) of cancer patients still had a below threshold FIT and a normal haemoglobin. This
therefore highlights a real world need of safety-netting and ensuring patients do not have

their diagnoses delayed.
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7.6.3 Duplicate FIT Testing as Safety Netting

Although there is some encouraging data on duplicate FIT testing as a strategy in the

literature,?>*%°>

my data showed mixed results. For the end point of cancer, as there were
only 4 patients, it was not possible to draw definite conclusions. In contrast, for the
composite cancer/polyp endpoint, 31.7% patients with a first below threshold FIT
subsequently had a FIT >10ug Hb/g. This would suggest that a safety net strategy with 2 FITs
could be cost effective in preventing future cancers, given patients with polyps could be

identified earlier and be offered colonoscopy, potentially preventing future colorectal

cancer.

One question that remains is what the optimum time period for successive FITs is. My data
showed there was a weak positive correlation between successive FIT values in the same
patient, even when the time interval is short (i.e. 3 months or less). This observation may be
due to sampling variability, although may also point to aspects of the FIT assay which is not
fully understood. It is therefore not possible to recommend a time duration when FITs ought
to be repeated, although given the underlying concern of cancer this ought to be short. My
results also suggest that as part of any safety netting other clinical parameters such as

anaemia should be also used to reduce the risk of missed cancers.

7.6.4 Limitations

Firstly, due to the small number patients with duplicate FIT values subsequently diagnosed
with cancer, it is not possible to draw definitive conclusions on whether duplicate testing can
be part of a safety-netting strategy for cancer, although there is promising data for a polyps
or cancer as a combined endpoint. Secondly, it is not clear which FIT assay was used for each
individual result. Indeed, it could be possible that FIT results even for the same patient were
done on different assays and hence analyses of successive FITs, even for the same patient,

may not be valid. Thirdly, it is not clear why some patients had duplicate FITs done; this may
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well have been a conscious clinical decision. Equally it could be that a single result could have
been logged twice. This perhaps could occur if results were automatically transferred from
information systems, but then also added in manually by GP practice staff. Despite careful
data curation it is not possible to guarantee the complete absence of any duplicated results
in this dataset. Furthermore, it is also unclear as to why a single patient had 15 unique FIT
results. Fourthly, some additional clinical results were unavailable for patients, in particular
symptomatology or clinical examination results. FIT in addition to these findings may have

further increased cancer detection in FIT below threshold patients.

Finally, it is important to consider how the endpoints of this database would have been
diagnosed. While LGI cancer is usually diagnosed endoscopically, it would also be possible
for patients to be diagnosed non-invasively, such as using an abdominal computerised
tomography (CT) scan or a CT colonography. This is especially true for frailer patients who
may be unfit for colonoscopy but able to have imaging investigations for diagnostic and
prognostic purposes. However, polyps and inflammatory bowel disease are both endoscopic
and histological diagnoses. Subsequently, these groups are likely to be underdiagnosed in
patients who had a FIT value of <10ug Hb/g, as they would not necessarily have been referred
to secondary care for further investigation. This is further compounded by the fact that
polyps can be asymptomatic and hence at a time of resource constraints such patients may
not have met 2ww referral criteria and hence had a definitive investigation for diagnosis. In
addition, | did not have access to histological data for polyps and staging data for cancers.
Availability of this data would have enabled me to assess the utility of FIT in detecting benign
versus pre-malignant polyps, and early versus late-stage cancers, and allowed for a more

comprehensive assessment of the performance of FIT.
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7.6.5 Further Work

Ideally, a large-scale prospective observational trial would be set up to assess the impact of
duplicate FIT testing. Patients would undergo duplicate FIT testing as part of their standard
of care, ideally at differing time intervals, with follow up over a defined interval to assess if
they develop cancer or other pathology such as polyps. This data would help to determine
the optimal interval for repeating the test, which could have a significant impact on current

clinical practice.

In addition, safety netting could incorporate published risk scores. These include the Bristol-
Birmingham equation and the CAPER (Cancer Prediction in Exeter) score, both of which have
been shown to outperform NICE referral guidelines.?*®%>° The Bristol-Birmingham equation
includes a mixture of clinical characteristics and laboratory values, while the CAPER score
relies on multiple presenting symptoms such as diarrhoea and weight l0ss.82° As both
scores have been developed from primary care databases these could especially be useful
for 2ww referrals in association with FIT testing. In addition, several scoring systems have
been published in combination with FITs as triaging tools; one example is the Asia-Pacific
Colorectal Screening (APCS) scoring system which incorporates age, sex, family history and
smoking as risk factors. In combination with FIT, this was estimated to reduce colonoscopy
workload by 50%.%%° Several other examples also exist, primarily based in Asia-Pacific

261-263

demonstrating utility of a risk scoring plus FIT approach rather than FIT alone, although

a study based in the United Kingdom did not reach the same conclusion.?%

7.7  FIT Triaging as a Strategy for Overcoming Endoscopic Backlog

7.7.1 Introduction

In Chapter 5: Effect of COVID-19 on Gastrointestinal Services | demonstrated that there could
be a nationwide backlog of nearly half a million endoscopic procedures directly as a result of
the COVID-19 pandemic. One change that could be implemented quickly was the addition of
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FIT triaging in order to reduce referrals and hence the potential backlog. In March 2020, NHS
England recommended that patients who had a FIT threshold of 210 ug Hb/g would be
referred for colonoscopy, with patients under the threshold offered safety netting.'®? |

therefore sought to assess how the introduction of FIT triaging would affect the overall

backlog of colonoscopy at the time of height of the COVID-19 pandemic in October 2020.

7.7.2 Methods and Results

Loveday et al. suggested that using a FIT cut-off at 10 ug Hb/g could reduce urgent 2ww
suspected cancer endoscopies to 18% of usual requirements, assuming the remaining 82%
of patients are not offered endoscopy.??®> Unfortunately, data on the proportion of patients
referred on an urgent 2ww pathway was not available in the NHS Diagnostics Waiting Times
and Activity dataset. | therefore estimated this using data using indications for colonoscopy.
Data from the Dutch Gastrointestinal Endoscopy Audit registry showed that 29% of all
colonoscopy referrals had an indication of changes in bowel habit, iron deficiency, chronic
diarrhoea or abdominal complaints, all of which would trigger a 2ww referral.1®
Furthermore, data provided by the National Endoscopy Database comprising of 92,879
colonoscopies in 2019 showed that 31.8% of procedures had at least one indication of acute
or chronic changes in bowel habit, anaemia, abdominal pain or weight loss, although the true
figure may be lower, as around 27,000 procedures had more than one indication recorded.?®
Assuming these referrals would be suitable for FIT triaging at 10 ug Hb/g, this could equate
to a reduction to 73.9% (1-(0.82 x 0.318) if using NED data, or 76.2% (1-(0.82 x 0.29) if using
Dutch data. This equates to 11,866 (95% Cl: 11,080-12,652) or 10,821 (95% Cl: 10,104-
11,538) colonoscopies per month. However, from my logistic regression model, | estimated

if implemented in December 2020 it would still take until December 2021 to January 2022 to

clear the pandemic related backlog (Figure 7-9).
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Figure 7-9: Estimated effect of FIT triaging on pandemic related colonoscopy backlog, if
introduced from December 2020.

Calculation assumes endoscopy recovers to 100% prior to national introduction of FIT
triaging.

7.7.3 Discussion and Conclusion

Through modelling, | demonstrated here that FIT could have reduced the colonoscopy
backlog during the COVID-19 pandemic if patients below a set FIT threshold are not offered
endoscopy in the early phase of the pandemic. There is some real-world data to support this.
Data from a single NHS trust suggested that between September 2020 and February 2021,
74.5% of patients on a suspected lower Gl cancer pathway underwent colonoscopy.?®® After
FIT triaging was introduced, between March and August 2021 43.6% on the same pathway
underwent colonoscopy.?® Although there was no statistically significant change in
colorectal cancer detection, this was also associated with a significant increase in CT scan
use.?®® There is a potential risk that introducing FIT triaging may have simply shifted some of
the endoscopic demand onto other diagnostic modalities. In addition, it would appear that

given backlogs and waiting lists have continued to rise post pandemic it is likely that FIT
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triaging would have only had at most a modest impact on overall backlogs.?’® Furthermore,
it has also been argued that FIT should be used as a triaging rather than a diagnostic tool, to
guide timing of the procedure rather than replace it.2* Finally, there remains debate as to
how patients with a FIT <10pug Hb/g ought to be followed up.?’ It therefore seems unlikely
that FIT triaging alone will be able to have a significant impact in reducing overall endoscopy

demand.

7.8 Chapter Conclusions

This analysis has highlighted some of the advantages and disadvantages of working with
routine datasets. | was able to obtain data quickly and at low cost and audited the use of the
FIT within Barnet. | described trends that occurred during the COVID-19 pandemic, especially
how the number of FITs initially decreased but quickly recovered. However, there are
questions about the reliability of the data source, especially with regards to FIT data results.
In addition, the lack of suitable data made it difficult to make conclusions and
recommendations about duplicate FIT testing. Further research is needed to understand how
we can maximise the utility and yield of the FIT within lower Gl cancer pathways, especially
as it is a cheap and acceptable test, while ensuring there is still appropriate access to

endoscopic investigation.
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Chapter 8: Societal Impacts of COVID-19 Pandemic

Contents of this chapter have previously been presented and published as detailed below:

Publications
Ho KMA, Baggaley RF, Stone TC, et al. Face mask acceptability for communal religious
worship during the COVID-19 pandemic in the United Kingdom: Results from the CONFESS

Study. J Relig Health 2023; 62: 608-26.°

Ho KMA, Davies H, Epstein R, et al. Spatiotemporal droplet dispersion measurements

demonstrate face masks reduce risks from singing. Sci Rep 2021; 11: 1-11.%
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8.1 Introduction

The COVID-19 pandemic led to a direct impact on the initial plans for this thesis. Recruitment
into the SPIT and RISQ studies was halted during the first wave of the pandemic, due to
redeployment of research staff back into full time clinical duty and the suspension of routine
gastroenterology care. In addition, hospitals and research ethics committees prioritised
COVID-19 related studies.?®® While my initial research plans were on hold, an opportunity
arose to investigate some of the wider issues that COVID-19 had had on society, with a focus

on religious worship.

In the early phase of the pandemic, religious worship and associated activities such as choral
singing was associated with mass outbreaks, coined superspreader events. This was because
large numbers of people meeting together, sometimes for many hours and often in confined
spaces, facilitated transmission of airborne viruses.?®® Religious events which led to large
numbers of participants being infected included the Shincheonji Church of Jesus in South
Korea and the Sri Petaling mass gathering in Malaysia, which at one point accounted for more
than 60% and 35% of cases in their respective countries.?’%?’ Furthermore, activities
common in worship including group singing was identified as high risk for transmission of
SARS-CoV-2. Perhaps the most famous example was the Skagit County choir practice, which
led to an attack rate of 53.3%-86.7% after a rehearsal in early March 2020.2”2 Further
evidence to support this risk came from experimental studies: airborne droplets produced
during singing did not appear to settle rapidly, and without adequate ventilation, could lead
to an outbreak.?’? Moreover, normal and loud singing produced more aerosol particles
compared to the same volume while speaking, which increases the risk of airborne
transmission of viruses.?’* Other aspects of religious practice, such as holy communion and
touching of the Torah, could also increase the likelihood of viral transmission.?’>?’® These

factors may explain the observation from the UK that religious faith could have been
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associated with increased COVID-19 related mortality, even when adjusted for confounding

variables.?”’

These risks associated with communal worship and singing led to onsite religious services
being halted in England in March 2020 because of the rising incidence of COVID-19, with
many services moving online.?’827° Services and gatherings onsite resumed in July 2020 but
with a ban on congregational singing and chanting, limits on numbers of participants allowed
in congregations, and a requirement for social distancing and the wearing of face masks.?°
Relaxation of the rules and singing outdoors only occurred in late March 2021.2% Meanwhile,
with regards to singing, UK government guidance in April 2021 advocated for singing to be
“limited to one person where possible” and stated “communal singing should not take
place”, even in the presence of social distancing or use of face masks.?®® However, guidance
from Public Health England published in November 2020 around principles of safer singing
conceded that there was a lack of evidence to suggest the degree to which wearing face
masks may reduce the transmission of SARS-CoV-2.2?2 A study involving 12 singers
demonstrated that singing with a surgical face mask reduced the number of generated
aerosols to a level similar to normal talking, although this did not reach statistical

274

significance,”’* while wearing face masks could reduce the large variability of droplets being

produced when singing, with larger droplets likely to be carrying higher viral loads.*

Closure of places of worship during the first lockdown in England and subsequent restrictions
on worship significantly changed many people’s daily or weekly routines, affecting their
ability to pray, enjoy group discussion or take part in singing or chanting. In particular,
relaxation of singing restrictions was seen as important as it could vastly improve

congregants’ worshipping experiences, and restore “a sense of celebration.”!
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8.2  Aims of Study

In this study, practising worshippers of any faith were recruited to complete an online
questionnaire to improve understanding of how religious worship has changed during the
COVID-19 pandemic in the UK. The primary aim was to understand how acceptable people
would find face mask wearing in places of worship and whether they would be prepared to
sing or chant whilst wearing them. The secondary aims were to understand the changes in
worshipping practice due to COVID-19 and how well places of worship have complied with

COVID-19-related safety guidelines.

8.3 Methods

8.3.1 Dataset

| used data generated from the CONFESS (COvid aNd FacE maSkS) study, introduced in
Chapter 4.3.3. Briefly, this was a cross-sectional study comprising of an online questionnaire
to assess the effect of the COVID-19 pandemic on religious practice. Participation was
voluntary and used a convenience sampling technique with targeted advertising through
religious institutions, social media and mass media, including being featured in the national

news bulletin (Figure 8-1) and a religious affairs programme.2%.283
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Figure 8-1: screenshot of BBC News website with a clip of the report in the BBC national

news bulletin.?®3

Particular efforts were made to recruit participants from a range of religious backgrounds

including Christian, Muslim, Jewish, Hindu and Buddhist by contacting specific groups, such

as through Facebook (Table 8-1). In addition, religious leaders were approached directly from

churches, mosques, synagogues, and Hindu, Buddhist and Hare Krishna temples.

Acton Masjid

Babul Murad Centre

Bristol Hindu Temple

Buddhapadipa Temple

East London Mosque

Friendly Frummers

Hindu Temple
Newcastle

liford Hindu Temple

Islamic Integration

Iskon Temple Watford . Jalaram Mandir Temple | Jamia Masjid
Community
. . . Junior Angli Kingsbury Buddhist
Jamyang Buddhist Centre Jewish Connections unior .ng ican ingsbury udahis
Evangelical Conference | Temple

London Asian Seventh-Day
Adventist Church

London International
Christian Church

London International
Church
@RhemaFaithMinistries

Mayfair Islamic Centre

Methodist Central Hall
Westminster

MOO Modern Open
Orthodox

Moslem Ali Khan
Welfare Foundation

Slough Hindu Temple

Southampton Hindu Temple

Swindon Hindu Temple

Synagogues of London
and the UK

UK Christian Events

UK Methodists

UKEvents.net

Vedic Society Hindu
Temple

UK

In addition, our research team advertised to various large mosques and synagogues around London and the

Table 8-1: Facebook groups on which the CONFESS Study was advertised.
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8.3.2 Survey Measures

The CONFESS questionnaire included items concerning demographic characteristics,
including age, sex, religion and ethnic background; changes in worshipping practice due to
COVID-19; importance of religious life and singing; acceptability and comfort of face mask
wearing during communal worship and while singing during worship; awareness and
understanding of government guidelines regarding COVID-19 and compliance of
participants’ place of worship with these guidelines. Notably when the questionnaire was
first rolled out it was not mandatory to answer all the questions within the questionnaire,
due to a technical error. This therefore has led to varying number of responses to each

question within the questionnaire.

8.3.3 Data Analysis

Quantitative data were analysed using R software version 4.0.4.% Chi-squared tests were
used for categorical variables, with a p-value of <0.05 taken as statistically significant. |
performed univariable and multivariable (adjusted) logistic regression to assess for
characteristics which may predict face mask acceptance. Adjustments were made for sex,
age (as a continuous variable), highest level of education, religion, ethnicity, relationship
status, place of residence and employment status. | calculated with my collaborators both
unadjusted and adjusted prevalence odds ratios (OR), with 95% confidence intervals (95%
Cl), as opposed to prevalence rate ratios, because the variables included in the analysis were
long-term characteristics of respondents. In addition, | performed thematic analysis of open-

ended questions to complement quantitative analysis.
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8.4 Results

8.4.1 Demographics

Mo. of People
150

125
100
75
a0
25
]

Figure 8-2: Region of UK residence for CONFESS study participants.

In total, 1,063 people volunteered for the study. 939 (88.3%) participants completed the
questionnaire and were included in the analysis. Demographic information for included
participants is shown in Table 8-3. Median age was 52.7 years and approximately two-thirds
were female, while 845 (90.0%) completed at least undergraduate-level education. The
majority of participants were Christian (n=758, 80.7%), followed by Jewish (n=145, 15.4%)
and of White ethnicity (n=869, 92.5%). Most (789, 84.0%) participants lived in an urban area.

Of the 831/939 (88.5%) participants who gave valid postcode data, 305 participants (36.7%)
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lived in London, while 122 (14.7%) participants lived in East of England and 105 participants
(12.6%) lived in South East England (Figure 8-2). Most participants (779/939, 83.0%) reported
neither had suspected nor confirmed COVID-19 infection previously at the time of

recruitment (Table 8-2).

| Participants (%)

COVID-19 related characteristics of respondents

COVID-19 infection Yes diagnosed and recovered 27 (2.9%)
status Yes diagnosed and still ill 3(0.3%)
Not formally diagnosed but suspected 130 (13.8%)
Not that | know of / No 779 (83.0%)
Ever had a SARS-CoV-2 Yes — positive result 9 (1.0%)
virus swab test Yes — negative result 274 (29.3%)
No swab test 653 (69.8%)
Ever had a SARS-CoV-2 Yes — positive result 33 (3.5%)
antibody test Yes — negative result 72 (7.7%)
No swab test 834 (88.8%)
Current isolation status 1. Living life as normal 128 (13.6%)

2. Not "staying at home" but cut down on usual activities 471 (50.2%)
as a precaution

3. Not "staying at home" specifically, but working from 132 (14.1%)
home

4, "Staying at home" but not high risk - worried about 31 (3.3%)
spreading to others or getting ill

5. "Staying at home" to protect a family 21 (2.2%)

member/friend/housemate with an existing medical
condition/ high risk

6. "Staying at home" — existing medical condition or 23 (2.4%)
categorised as high risk
7. "Self-isolating" — avoiding contact with all people as 0(0.0%)

much as possible due to a COVID-19 diagnosis or possible
COVID-19 infection

8. "Staying at home" — ordered government/local 28 (3.0%)
authority as part of a lockdown

9. “Staying at home" for a non-COVID-19-related reason 4 (0.4%)
e.g., a pre-existing health condition or disability

Missing 101 (10.8%)

Table 8-2: COVID-19 related characteristics of CONFESS study participants.
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Face mask acceptability Unadjusted odds  p value Adjusted odds p value
ratio (95%Cl) ratio (95%Cl)
Characteristic Participants Very/somewhat Very/somewhat
acceptable unacceptable
Demographic characteristics
Sex Female 620 (66.1%) 463/564 (82.1%)  101/564 (17.9%) - - - -
Male 318 (33.9%) 209/271(77.1%)  62/271(22.9%) 0.74 (0.52-1.05) 0.0905 0.70 (0.47-1.05) 0.0795
Age Median age (range), years 52.7 (18-85) - - 0.98 (0.97-0.99) 0.0050 0.98 (0.96-1.00) 0.0218
18-34 years 161 (17.7%) 128/140 (91.4%)  12/140 (8.6%) - -
35-64 years 585 (64.1%) 406/523 (77.6%)  117/523(22.4%)  0.33(0.17-0.59) <0.001 0.30 (0.13-0.61) 0.0016
>65 years 166 (18.2%) 119/149 (79.9%) 30/149 (20.1%) 0.37(0.18-0.74) 0.0070 0.38 (0.14-1.02) 0.0619
Highest Undergraduate degree or 470 (50.1%) 345/422 (81.8%) 77/422 (18.2%) - - - -
educational professional qualification
level Postgraduate degree 375 (39.9%) 272/334 (81.4%) 62/334 (18.6%) 0.98 (0.68-1.42) ns 0.97 (0.65-1.44) ns
A-levels or equivalent/post- 72 (7.7%) 42/60 (70.0%) 18/60 (30.0%) 0.52 (0.29-0.97) 0.0345 0.52 (0.28-0.99) 0.0403
16 vocational course
GCSE/CSE/O-levels or 22 (2.3%) 13/19 (68.4%) 6/19 (31.6%) 0.48 (0.18-1.41) ns 0.58 (0.21-1.73) ns
equivalent/no qualifications
Religion Christian 758 (80.7%) 559/688 (81.3%)  129/688 (18.8%) - - -
Jewish 145 (15.4%) 92/119 (77.3%) 27/119 (22.7%) 0.79 (0.50-1.28) ns 0.88 (0.53-1.49) ns
Other 36 (2.8%) 21/28 (75.0%) 7/28 (25.0%) 0.69 (0.30-1.79) ns 0.61 (0.23-1.78) ns
Ethnicity White British 792 (84.4%) 564/707 (79.8%)  143/707 (20.2%) - - - -
Other White background 77 (8.2%) 57/69 (82.6%) 12/69 (17.4%) 1.20 (0.65-2.41) ns 1.27 (0.66-2.60) ns
Asian/Asian British 26 (2.8%) 20/23 (87.0%) 3/23 (13.0%) 1.69 (0.57-7.24) ns 1.53(0.43-7.54) ns
Black/African/Caribbean 12 (1.3%) 9/9 (100%) 0/9 (0.0%) - ns - ns
Mixed/Multiple ethnic groups 16 (1.7%) 12/13 (92.3%) 1/13 (7.7%) 3.04 (0.59-55.66) ns 1.96 (0.35-36.99) ns
Other 15 (1.6%) 9/13 (69.2%) 4/13 (30.8%) 0.57 (0.18-2.13) ns 0.62 (0.19-2.46) ns
Relationship In a relationship/married and 686 (73.1%) 495/616 (80.4%) 121/616 (19.6%) - - - -
status cohabiting
In a relationship/married but 36 (3.8%) 25/30 (83.3%) 5/30 (16.7%) 1.22 (0.50-3.68) ns 0.89 (0.35-2.78) ns
living apart
Single, divorced or widowed 60 (6.4%) 38/50 (76.0%) 12/50 (24.0%) 0.77 (0.40-1.59) ns 0.71 (0.35-1.51) ns
Single, never married 157 (16.7%) 114/139 (82.0%) 25/139 (18.0%) 1.11 (0.70-1.83) ns 0.75 (0.44-1.30) ns
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Face mask acceptability Unadjusted odds  p value Adjusted odds p value
ratio (95%Cl) ratio (95%Cl)
Characteristic Participants Very/somewhat Very/somewhat
acceptable unacceptable
Demographic characteristics
Place of City/town 789 (84.0%) 563/694 (81.1%) 131/694 (18.9%) - - - -
residence Village/rural dwelling 150 (16.0%) 109/141 (77.3%) 32/141 (22.7%) 0.79 (0.52-1.24) ns 0.83 (0.52-1.35) ns
Employment Employed (full-time) 374 (39.8%) 273/326 (83.7%) 53/326 (16.3%) - - - -
status Employed (part-time) 175 (18.6%) 120/158 (75.9%) 38/158 (24.1%) 0.61 (0.38-0.98) 0.0407 0.62 (0.37-1.04) 0.0661
Self-employed 113 (12.0%) 79/100 (79.0%) 21/100 (21.0%) 0.73 (0.42-1.30) ns 0.93 (0.51-1.73) ns
Retired 193 (20.6%) 139/176 (79.0%)  37/176 (21.0%) 0.73 (0.46-1.17) ns 0.80 (0.43-1.51) ns
Student (university/school) 35 (3.7%) 27/31 (87.1%) 4/31 (12.9%) 1.31(0.49-4.57) ns 1.04 (0.33-4.04) ns
Other 49 (5.2%) 34/44 (77.3%) 10/44 (22.7%) 0.66 (0.32-1.48) ns 0.62 (0.28-1.43) ns

Table 8-3: Characteristics of participants in the CONFESS study.

ns: non-significant, GCSE: General Certificate of Secondary Education, CSE: Certificate of Secondary Education
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8.4.2 Face Mask Acceptability

Most (872/939, 92.9%) respondents answered questions about the face mask they most
commonly wore. Of those who answered, reusable masks (661; 75.8%) and disposable
surgical masks (157; 18.0%) were the commonest mask type worn. The majority (861/939,
91.7%) of respondents answered questions on face mask acceptability and comfort; 346
(40.2%) and 326 (37.9%) respondents to the question found it very acceptable and somewhat
acceptable, respectively, to be required to wear a face mask and reduce their singing volume
to sing or chant safely. While 421 participants (48.9%) reported never having sung in a face
mask, most respondents (610, 70.8%) reported having already worn a face mask for at least

an hour.

When asked to provide more details regarding their attitudes to face mask wearing for
singing during communal worship as an open-ended question, 564 (60.1%) provided details.
The overarching response was that face masks were unpleasant, but they were better than
not singing at all (quotes 1-3, Table 8-5). However, there were participants who felt very
strongly that they couldn’t sing with a face mask (quotes 4-5, Table 8-5). A large number of
respondents also expressed concerns about singing volume. This included whether they
could sing more quietly if required (quote 10, Table 8-5), and what impact that would have
on their enjoyment and spirituality, expressed in terms of restriction and lack of freedom

(quotes 14-15, Table 8-5).

Participant characteristics which may affect acceptability of face masks was also assessed
(Table 8-3). Univariable and multivariable regression indicated very few predictors of
congregants finding face mask use acceptable. | found that increasing age was associated
with a lower likelihood of face mask acceptability, both when evaluating age as a continuous
variable (unadjusted OR (uOR) for each additional year of age: 0.98 (95% Cl: 0.97-0.99)

p=0.005, adjusted OR (aOR): 0.98 (95%Cl: 0.96-1.00), p=0.022) and as categories (aOR for 35-
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64 years compared to 18-34 years: 0.30 (0.13-0.61) p=0.002; aOR for 265 years compared to
18-34 years: 0.38 (0.14-1.02) p=0.062 (reaching borderline significance)). Age categories
used in Table 8-3 were defined prior to analysis, but stratifying by narrower, 5-year
categories suggested that participants aged less than 40 were more likely to be accepting of

face masks compared to participants aged 40 and over (X? = 12.47, p=<0.001).

In addition to younger age, people educated to A-level and vocational standard were more
accepting of face masks compared to those who had received undergraduate education or
higher (uOR: 0.52 (95% Cl: 0.29-0.97) p=0.035, aOR: 0.52 (95% Cl: 0.28-0.99), p=0.040).
Furthermore, there was a trend that men found face mask wearing with quieter singing less
acceptable than women (UOR: 0.74, 95%Cl: 0.52-1.05, p=0.091, aOR: 0.70, 95%Cl: 0.47-1.05,
p=0.080), although this did not reach statistical significance. | also assessed if having had
suspected or confirmed COVID-19 would predict face mask acceptability, but this was not

significant (UOR: 0.76, 95% Cl: 0.50-1.19, p=0.220).

8.4.3 Face Mask Comfort

Just under half of respondents (428/858, 49.9%) found wearing face masks in general
somewhat or very uncomfortable, but increasing numbers found it uncomfortable wearing
face masks for speaking and for singing (Figure 8-3). When asked to provide more details on
how comfortable the respondent feels when wearing a face mask while singing/chanting,
564/861 (65.5%) provided a response. Respondents frequently raised similar issues with face
mask wearing, especially practical problems such as glasses steaming up (quotes 18-19, Table
8-5) and breathing being less comfortable (quotes 20-21, Table 8-5). Face masks were
particularly difficult for asthma sufferers (quotes 22-23, Table 8-5). In addition, many
reported that face masks inhibit their ability to communicate properly, particularly for those
reliant or partly reliant on lip reading (quotes 32-34, Table 8-5). However, it appeared that

face mask comfort improved with increasing use (quotes 40-41, Table 8-5) and was better
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tolerated in people who worked in occupations which required their use (quotes 42-43, Table

8-5).

In general, how comfortable do you feel when you

wear a face mask? 50% 50%

When you speak, how comfortable do you feel when o
%
you wear a face mask? 6% 4%

When you sing nr chant, how :t?mfnnan!e do you 61% 39%
feel when you wear a face mask?

1
100 50 0 50 100
Percentage

Response Very uncomfortable Somewhat uncomfortable Somewhat comfortable Very comfortable

Figure 8-3: Face mask comfort in general, during speaking and singing/chanting.

8.4.4 Changes in Places of Worship During the Pandemic

Respondents reported substantial changes in communal worship post-lockdown. Fewer
numbers of people were in attendance, services were shorter, with reduced frequency or no
singing/chanting, both on a communal and personal level (Figure 8-4). The notable exception
to this was change in frequency of attendance, with over half of respondents reporting no
change in their frequency of prayer at their place of worship, although it was unclear whether
this represented private prayer or communal worship. The vast majority of participants
reported that religious faith was important to them (858/907; 94.6%), and so while fewer
congregants were attending services post-lockdown, study respondents may be more willing

to attend worship in person than congregants in general.

Most places of worship were reported to be complying with COVID-19-related restrictions:
869/893 (97.3%) reported being aware of COVID-19-related rules in place at their place of
worship, with 624/659 (94.7%) and 641/659 (97.3%) reporting that congregants were
moderately or very careful to adhere to social distancing and continuously wearing face
masks. A large majority (803/887; 90.5%) reported that their place of worship enforced face
mask wearing rules and that they were either very or moderately happy with the precautions

currently in place (793/887; 89.4%).
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Since reopening, have you changed the frequency
you pray there compared to before lockdown? 1% 63% 8%
i
Compared to before COVID-19, how many people now 92% 3%
come to your place of worship?
1
Do you personally sing or chant for a different
amount of time during services compared to before 82% 17% 1%
lockdown?*
1
When wc i . have you [
h d how loudly you si 1t compared to T4% 25% 1%
before lockdown?*
1
Have the services changed length compared to
pefore lockdown? o _ 13% | -
1
Does the entire community sing or chant more or
less loudly compared to before lockdown? 2% % Ok

Compared to before COVID-18, how much communal
singing or chanting is there now in your place of 96%
worship?*
1

100 50 0 50 100
Percentage

Rasponse . Less/less often/shorter/fewer No change . More/more often/longer

Figure 8-4: COVID-19-related changes to place of worship, comparing post first UK
lockdown with pre first UK lockdown. Respondents reporting no singing, either personally
or communally, have been excluded from the analysis.

Tedtonal rymmsinging | % | B -
i

Horship song sinaing o I b _ 8%

l |

Choral sincing 6% I 17 _ 77
i

Classical instrumental 6% I 29% - 65%
i

Chanting out loud 14% I 34% - 52%
i

Folk style singing 17% I 34% - 49%
!

Folk instrumental 19% l 37% - 44%
i

Pop singing 34% - 3% . 29%
'

Pop instrumental 34% - 37% I 29%
1

100 50 0 50 100
Percentage
Response . detract greatly detract slightly not relevant add slightly . add greatly

Figure 8-5: Study respondents’ views on how different musical styles affect their religious
experience.
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Participants (%)

Participants (%)

Compliance of place of worship with government guidelines

Compliance/satisfaction of congregants with government guidelines

Aware of COVID-19-related rules for Yes 869 (97.3%)
places of worship No 24 (2.7%)
Hand sanitiser Available 825 (87.9%) Use of hand sanitiser by congregants All 402 (61.0%)
Not available 24 (6.1%) upon arrival Most 228 (34.6%)
Don’t know 57 (6.1%) About half 17 (2.6%)
A few 11 (1.7%)
None 1(0.2%)
Social distancing Required 850 (95.8%) Congregants’ care to social distance Very careful 400 (60.7%)
Not required 2 (0.2%) Moderately careful 224 (34.0%)
Don’t know 35 (3.9%) Slightly careful 32 (4.9%)
Not at all careful 3 (0.5%)
Face mask wearing Enforced 803 (90.5%) Congregants’ care continuously to wear  Very careful 546 (82.9%)

Not enforced 30 (3.4%) face masks Moderately careful 95 (14.4%)
Slightly careful 9(1.4%)
Don’t know 54 (6.1%) Not at all careful 9 (1.4%)
Air flow from outside (e.g., Yes 630 (71.0%) Happy with COVID-19 prevention Very happy 559 (63.0%)
open doors, windows) No 87 (9.8%) precautions at place of worship Moderately happy 234 (26.4%)
Don’t know 170 (19.2%) Slightly happy 51 (5.7%)
Not at all happy 43 (4.8%)

Table 8-4: Compliance of places of worship and congregants with COVID-19-related restrictions. N.B. many respondents did not answer these questions if

they had not visited their place of worship since the start of the COVID-19 pandemic.
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8.4.5 Role of Religion and Music

| was also interested in the role of music and how it may affect an individual’s religious
experience (Figure 8-5). The vast majority of respondents found traditional hymn singing,
worship song singing and choral singing most enhanced their religious experience. This
contrasted to pop singing and pop instrumental, which was generally felt to be more

distracting.

IA) Face mask acceptability during singing

IAcceptable if face mask use allowed communal worshippers to sing during services, despite discomfort
1 “If the ability to sing is predicated on mask wearing, then what | want is to sing with others, so let’s crack

”

on.
2 “Any chance to sing would be amazing — even with these limitations!”
3 “I would much rather sing with these restrictions than not sing at all.”

Face masks too great a barrier for singing
4 “I would not sing while wearing a face mask.”
5 “Singing with a mask on would not work for me.”

Preference for unrestricted singing online rather than masked singing

6 “Still opting for remote singing over masked.”

7 “We prefer not to attend as the mask wearing and inability to sing together is off putting. We prefer to
stay at home and sing as loud as we like with no masks!”

Face masks distracting / decreasing expression

8 “The mask would be distracting and my focus would be changed from worshipping God to feeling
distracted by a face covering.”

9 “Singing and praying together as a community is an integral part of why we worship together. As well as
being physically uncomfortable and difficult to focus it creates barriers... we become individuals with no
personality, not a community.”

B) Acceptability of reducing singing volume

IAcceptable

10 “Idon’t know if | *can* sing quietly but will have to try!”

11  “Quiet singing is far better than no singing, the spiritual words are the most important part of our
worship.”

Somewhat unacceptable

12 “It was lovely to be part of a socially distanced service but the need to minimise volume of prayer and
singing restricted the joy and sense of community.”

13 “It's better than not singing at all, but | would prefer to be able to sing freely.”

Not acceptable

14  “There's no point in singing if you can't do it wholeheartedly.”
15  “Singing LOUDLY is the best part about singing at church.”

C) Singing as an expression of freedom

16  “I hate the idea of anyone singing into a mask. Singing is about freedom.”
17  “There is usually a freedom in singing which would be affected by these restrictions.”
D) Face mask comfort

ISteaming up glasses

18 “Main issue is not being able to wear my glasses as they mist up and | can't see the words without them”

19 “Despite following the recommendations for glasses users, my glasses still steam up, if | speak or sing, they
steam up even more.”

Breathing difficulties in general
20  “It restricts my ability to breathe and be heard slightly”
21 “I get too hot and sometimes feel | am not getting enough oxygen.”

IAsthma

22 “I have asthma, so wearing a face mask is very difficult, and speaking with it even more”

23 “I find that occasionally it becomes more of an effort to breathe, and if this happens | need to remove the
mask for a couple of minutes. | am asthmatic.”
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Breath intake while singing

24  “When singing the mask sucks in against my mouth”

Hot/sweaty

25  “Don't like the confinement, stuffiness, impaired contact / expression.”

26  “I get sweaty and hot if | talk, singing is worse!”

Sore ears

27  “The face masks are relatively comfortable but | get quite hot and they hurt my ears (I wear glasses) if
wearing for a long time.”

28  “I feel smothered, my ears are sore and all this distracts me during worship.”

Face mask movement

29  “A face mask... feels like a barrier in my worship to God. | need to continually think about it moving.”

30 “Masks can tend to slip when mouth movements are made.”

Face masks distracting from worship

31  “Church services have been reduced in content, length and numbers, and | have been attending less
because of the distress caused by being forced to wear a face covering.”

Communication impairment

32  “Mask makes communication more difficult.”

33  “Ican't hear other people when they speak wearing one (as | obviously use mouth signals as well as
auditory signals in order to hear).”

34  “l find wearing a face mask frustrating as | miss face expressions and they ride up when you speak/sing.”

Impairment of religious expression

35  “From the point of view of worship - there is a verse in 2 Corinthians (2:18) that speaks of our 'unveiled
faces' reflecting the Lord's glory. While | FULLY accept (and comply with) the need to wear face masks to
protect against Covid-19 transmission, at a deep level | feel there is something about wearing a mask that
makes my relationship with God in worship less open. | also think in human interaction it somehow de-
personalises us and makes communication with one another less 'open".”

36  “A mask is restrictive for worship and communication.”

Discomfort increases with duration of use

37  “Discomfort increases with time, feeling hot and 'steamed-up'”

38 “The length of time | need to wear a mask for affects how comfortable | feel. It becomes more
uncomfortable the longer | wear it.”

Discomfort decreases with breaks in use

39 “The mask is less than ideal but | get used to it pretty quickly, as long as | can take it off from time to time.”

Discomfort decreases with frequency of use

40  “I find the more | wear the mask in different situations, the more comfortable | get with it.”

41 “Wearing a mask is not particularly comfortable but | have got used to it so it no longer bothers me. | was
surprised that it felt OK to sing in a mask but found that it tends to move around and you suck the material
in when you breath. | have recently purchased a singer’s mask which has more space and fits really
securely and is much more comfortable for singing.”

Fewer issues for respondents reporting occupational use of face masks

42 “l wear a surgical face mask for healthcare work purposes every weekday - very familiar and comfortable
with it.

43 “I work in the NHS therefore am used to wearing a mask on a regular basis.”

Table 8-5: Quotations of communal worshippers, entered in free text questions, illustrating

the emerging themes.

8.5 Discussion

The study was one of the largest to look at the issue of face masks in the context of religion
and worship, and the first in the era of COVID-19. More than half of respondents found
wearing of face masks uncomfortable when speaking or singing. They often had practical
difficulties such as having sore ears, face mask slippage or steamed up glasses and these
issues became more troublesome with age. | also found that younger age and A-level and
vocational level education compared to undergraduate education was predictive of better
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acceptability of face masks. The latter result is perhaps surprising and could be purely due to
chance, but certain vocational occupations such as working in construction may also require
routine wearing of face masks and may explain this observation. A large majority of
respondents were willing to trade comfort for the ability to sing; 78.1% were prepared to
wear face masks and reduce the volume of their singing in order to resume singing or
chanting during communal worship. Most of the communal religious worshippers
responding to the questionnaire were already used to wearing a face mask for at least an
hour. It is likely that since the study started 6 months after the first national lockdown in the
UK, attitudes to face masks had started to shift and become part of routine life in the COVID-
19 era. In addition, participants may have had fatigue from restrictions on daily life and may
be more likely to compromise to return to some semblance of normality. This may be
especially true for singing where there is overwhelming evidence to suggest that it enhances
worship. Interestingly, respondents already accustomed to wearing face masks such as

healthcare workers reported fewer issues with wearing face masks in places of worship.

There was also a stark polarisation of opinion regarding face masks: some believed wearing
a face mask was too great a barrier and would not be prepared to sing using one, feeling that
it interfered with freedom of religious expression. In contrast, the majority felt that despite
the discomfort, it was worth using them to enable worship and singing to continue, although

some respondents found them distracting and could be sucked into the mouth.

Previous research in this area is limited, although a cluster-randomised trial did not
demonstrate a difference in face mask wearing in the transmission of respiratory viruses
during Hajj.®* However, it should be noted that daily face mask use was low (25% in the
intervention group).?®* Reasons given for non-usage of face masks included difficulty in
breathing (26%) and discomfort (22%).2%* Several other studies in Hajj pilgrims have cited

similar concerns over the non-usage of face masks, although compliance with face masks
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increased with increasing perception of effectiveness.?>%8¢ However, during the COVID-19
pandemic, use of face masks was widespread and in certain scenarios mandatory, hence
these previous findings may be less comparable to these results where overall there was

good compliance.

It is worth mentioning that face mask wearing was a contentious issue during the pandemic.
While there was generally good population-level compliance, there were anti-mask rallies
around the world, sometimes associated with violence.?®” The reasoning has often been
multifactorial but included discomfort, belief that they were ineffective and violation of civil
liberties.”®” Negative attitudes to face mask were also associated with conservative political
views.?®” A study from the US suggested that greater religiosity led to reduced adherence to
policies to stay at home and reduce social contacts, as it was felt to impinge on personal and
religious freedom.?® However, although several participants mentioned face mask use led
to reduced freedom of worship and religious expression, negative attitudes to face mask use

and compliance did not appear to be widely held within the cohort.

Finally, the study found that there was good compliance with government guidelines by
places of worship in the UK, as well as good overall compliance by congregants. One
participant remarked: “I would like to add that of all the places | have been to since the start
of COVID-19 my church has by far treated social distancing and disinfecting most seriously.
In fact, | feel that going to church has made me more careful because our priest encourages
us to abide by the government's recommendations.” There was a high degree of satisfaction
with prevention measures, with 89.4% very happy or moderately happy with precautions. It
would be worthwhile in future studies to assess how much influence both religious and
public health leadership had in encouraging compliance with government guidelines within

this cohort.
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Religion and collective singing also have wider societal impacts. As an example, collective
singing was used to boost morale in Italian cities during lockdown. Religion also helps to
create a sense of belonging and can help foster a sense of connection and attachment,
reduce feelings of social isolation and improve mental health.?°%?°! Religion has been used
as a coping mechanism for survival, allowing for a sense of security and hope.?®?
Furthermore, religious organisations can play a role in health promotion or provision of

welfare, and religious leaders are often seen as pillars of a community, acting as gatekeepers

to marginalised or difficult to reach communities.?”%2%3

8.5.1 Limitations

The largest limitation to the study was the representativeness of the sample. Despite
attempts to maximise inclusivity, the study was biased towards worshippers from London
and the South East, of White ethnicity, with university level education and predominantly of
Christian, and to a lesser extent Jewish, faith. For speed and ease, as recruitment spanned
for just over three months, our research team used a convenience sampling technique,
relying on word of mouth and the researchers’ local networks to recruit as many participants
as possible in the short time. Certain religious groups were underrepresented in the study.
For example, while 4.8% of the population in England and Wales identify as Muslim, they
only accounted for 0.6% of the study.?®® In contrast, 0.5% of the England and Wales
population identify as Jewish, although they accounted for 15.4% of the respondents.?.
These caveats mean that these results are less generalisable to the UK population. The study
was retrospective in design; some questions may be subject to recall bias. The survey was
also only available online and shared via digital means, with only English language offered,

so participants who do not have access to technology or who are not proficient in English

would have been subject to selection bias.
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8.6 Conclusions

Although at the time of thesis submission worship in religious buildings had returned back
to pre-pandemic practices, the study, one of the largest to date, demonstrated the profound
impact the COVID-19 pandemic had on religious worship. These results demonstrated good
adherence to COVID-19 guidelines in places of worship and there was a real hunger for a
return to normal worship with singing and chanting, even if it meant additional mitigation
measures such as wearing a face mask. In addition, face mask discomfort was associated with
certain personal factors and health conditions which increase with age, such as wearing of

glasses.
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In this chapter | will briefly summarise the findings from my thesis, discuss about implications
for clinical practice and research and also future directions. | will also discuss limitations to

the work before offering final conclusions.

9.1 Overview of Chapters

In Chapter 1: Introduction, | discussed the large global burden of gastrointestinal cancers.
Worldwide, gastrointestinal cancers represent over a quarter of all global cancers and over
a third of all cancer related deaths.?” | also discussed some of the risk factors predisposing to
oesophageal cancer, gastric cancer and colorectal cancer. Importantly, endoscopy remains a
key investigation in the diagnosis of gastrointestinal cancers, which is invasive, unpleasant
and costly. Furthermore, the vast majority of endoscopy cases performed do not detect
cancer.®? There is therefore a clinical need to better select patients who undergo endoscopic

investigations.
| subsequently outlined my aims and objectives in Chapter 2: Thesis Aims and Objectives.

In Chapter 3: Literature Review of Gastro-Oesophageal Reflux as a Risk Factor for
Oesophageal Cancer, | sought to further examine the link between gastro-oesophageal reflux
disease (GORD) and the development of oesophageal cancer. In particular, | investigated the
link between GORD and oesophageal squamous cell carcinoma (OSCC), the predominant
subtype worldwide. While the link for GORD and oesophageal adenocarcinoma (OAC) is well
established, | was unable to establish this for OSCC.8! However, there were only three
suitable studies for inclusion for my meta-analysis, which was a major limitation to my
research. However, there is some evidence to suggest non-acid gastro-oesophageal reflux

may still have a role in the development in oesophageal squamous cell carcinoma.8®
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In Chapter 4: Datasets and Data Curation, | introduced the increasing use of routine health
data in clinical research. This has especially been magnified during the COVID-19 pandemic,
where rapid analysis and subsequent dissemination of modelling data was instrumental in
informing health policy and enacting lockdown.'” However, there can be issues with data
quality and applicability of research questions. | also introduced the datasets being used in
the thesis, including both bespoke and routine datasets, and outlined some data quality

issues within each dataset.

In Chapter 5: Effect of COVID-19 on Gastrointestinal Services | demonstrated the devastating
impact the COVID-19 pandemic had on gastrointestinal services, both locally and nationally.
| was able to demonstrate that the COVID-19 led to decreases in the entire patient pathway.
This included reductions in the number of referrals received, the number of endoscopic
procedures performed, the number gastrointestinal cancer diagnoses made and the number
of surgical operations performed. This was most apparent during the month of April 2020. |
further demonstrated similar trends nationally for endoscopy in England, where the number
of endoscopies performed in April 2020 was at 9.5% of the level in April 2019. Using
modelling, | estimated that the total endoscopic backlog reached 476,000 procedures as a
direct result of the first wave of the pandemic in January 2021. Furthermore, even with a
30% increase in capacity, it would still take 17 months to overcome the accumulated backlog,
while a 2-month interruption of services could add an extra 15.4% to the accumulated

backlog.

In Chapter 6: Creating a Risk Prediction Model, | sought to develop solutions to see what
could be done to better use already stretched resources to overcome the identified national
endoscopic backlog. | used questionnaire data to create a risk prediction model to predict
the presence of oesophageal and gastric cancer. Using machine learning methods | created

and optimised a model based on logistic regression containing 17 features, with a median
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area under the curve (AUC) of 0.81 and interquartile range (IQR) of 0.69-0.85. | was also able
to demonstrate that my model outperformed the Edinburgh Dysphagia Score (EDS), which
was recommended by the British Society of Gastroenterology (BSG) during the pandemic as

169-171 1 addition, | was interested to see

a means of triaging upper gastrointestinal referrals.
if there would be any synergism between questionnaire factors and epigenetic changes in

saliva, although disappointingly my results did not support this.

In Chapter 7: Faecal Immunochemical Testing for Triaging Lower Gastrointestinal Referrals, |
assessed the use of the FIT in managing lower Gl referrals. Using primary care data, | was
able to demonstrate that a raised FIT was associated with either cancer or cancer/polyp as a
composite endpoint. This finding was consistent with published studies which | also reviewed
at the start of the chapter. | also attempted to assess the value of a duplicate FIT testing
strategy to see if it may improve the sensitivity and specificity of the FIT. | was able to
demonstrate that a duplicate FIT strategy could potentially detect a further 32% of cases
with a composite endpoint of cancer/polyp. However, for cancer alone as an endpoint, there

was insufficient data to draw firm conclusions regarding the use of a duplicate FIT strategy.

In Chapter 8:Societal Impacts of COVID-19 Pandemic, | assessed the impact of the pandemic
on society, with a focus on religious worship. Overall, | found there was good compliance by
places of worship with then enforced government guidelines such as social distancing and
wearing of face coverings. However, a significant proportion of respondents found wearing
face masks uncomfortable and raised practical concerns such as steaming up of glasses. This
chapter allowed me to appreciate some of the wider effects on the pandemic and also

afforded me the opportunity to use more qualitative research methods to analyse data.
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9.2 Implications for Clinical Practice and Research

The COVID-19 pandemic has been a huge disruptor in the delivery of both emergency and
routine healthcare. Many of us would have been shocked by the images of overburdened
hospitals and overflowing mortuaries filling news bulletins in the early phase of the
pandemic. Society will continue to live with the aftermath of this disruption for some years.
In addition, there are additional challenges in the UK such as widening health inequalities,
increasing life expectancy, underinvestment in healthcare and increasing burden of long
term illnesses which affect recovery of services.?® These significant challenges mean that
new methods of working are needed to best utilise the limited resources that are available.
One method could be improved assessment and triage of patients in order to better select

patients who should undergo investigation.

In my thesis, | highlighted some of the effects of the COVID-19 pandemic in healthcare, and
estimated the endoscopic backlog to be 476,000 procedures directly attributable to the
pandemic.® To find a potential solution, | used bespoke trial data to create a triaging tool
using machine learning, which was demonstrated to outperform currently used scoring
systems.® The advantage of the tool is that patients can be sent the questionnaire before
their consultation or referral to specialist services and have a risk score calculated, which
would help prioritise urgency of the referral and even whether the patient should undergo
endoscopic examination. In addition, the methodology | have used could be replicated for
other datasets and specific questionnaires could be created for different referral pathways

based on patient symptomatology.

While in my thesis | have created a risk prediction model using data from hundreds of
patients, the potential is to increase the number of patients included and to increase the
types of data used in model creation, such as free text notes and laboratory results.?®® This

is increasingly possible due to digitalisation of electronic health records and also linkage of
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healthcare records between different organisations, such as between primary and secondary
care. Many commonly used scoring systems today were historically based on relatively small
datasets. As an example, the updated Child-Pugh classification for liver cirrhosis related
mortality was based on outcomes for 38 patients.?’ Despite this, the classification was only
recently abandoned in treatment algorithms for hepatocellular carcinoma, with authors
responsible for the Barcelona Clinic Liver Cancer staging system suggesting that the
classification was due for an update.?®® Using big data to create risk prediction models can
therefore present an opportunity to create more accurate models, based on real world

patient data, thereby improving patient outcomes.

A further hypothetical future direction is whether machine learning models could even
replace standard laboratory tests, such as those used in population-based screening
programmes. Patients are screened in the UK bowel cancer screening programme using the
faecal immunochemical test (FIT) and offered a colonoscopy if their FIT exceeds the
threshold. However, processing a large number of FITs and performing screening
colonoscopies is resource intensive, requiring specialist equipment and trained healthcare
professionals in different fields, e.g. pathology and gastroenterology, to deliver.?24?% |t has
been postulated that machine learning approaches could be used in under resourced settings
such as Sub-Saharan African for surveillance and early detection of colorectal cancers.?®
Potential methods could include analysis of subtle trends in laboratory tests which a patient
may undergo as part of routine clinical care, or automated artificial intelligence (Al) reading
of histology from colonoscopy, which would reduce pathology burden.?®® The challenge
remains in ensuring that there is no significant difference in cancer detection between
machine learning tools and current standard of care. Moreover, there must be timely and
widespread adoption of such tools such that it leads to a strong impact across large

populations.?®
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For now, the most obvious next steps would be trialling the machine learning tool | have
created within Chapter 6: Creating a Risk Prediction Model on a large, multi-centre
population so that it could be validated and its generalisability to other populations assessed.
In addition, further refinements could be added to it by incorporating features such as
laboratory test results extracted from electronic health records. To aid collection of data,
patients attending clinic with predefined symptoms or on specific healthcare pathways such
as the 2-week wait suspected cancer pathway could be automatically sent the questionnaire
to complete prior to the hospital visit, with results potentially available during the

consultation to better inform clinical decision-making.

9.3 Limitations

Firstly, the huge increase in interest in machine learning has meant that a large number of
models can be generated easily and quickly. However, there is often a lack of head-to-head
comparison between models created by different research groups and how easily it can be
applied especially within a frontline medical setting. This often limits their utility in routine

clinical practice.

Secondly, the quality of any potential model is wholly dependent on the quality of the data
used to create the model. Data needs to be reliable and be reflective of everyday clinical
practice, and there also needs to be appropriate data cleaning prior to its use in model
creation.?® There may be issues with how transferable models are between different
populations, especially if there is evidence of overfitting within a model, which would limit

its generalisability to different populations.3®

Finally, the most significant issue is likely to be based around ethics and governance of the
use of Al or machine learning generated tools, especially if they are used autonomously for

risk stratification within a population.?® While Al-clinician cooperation could lead to
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improvements in diagnosis and improved organisational efficiency, there needs to be
appropriate oversight especially within healthcare where there is strict regulation of medical
practitioners and premises.3*! There is a danger that clinicians may become over reliant on
them. If harm is caused by a decision support software working autonomously, it is unclear
where responsibility would lie at present and whether robust enough mechanisms are in

place to prevent similar instances from reoccurring.3

9.4 Final Conclusions

The COVID-19 pandemic was described as a “once in a century” event.3%? It affected all facets
of society, and we are still living with some of the consequences, with rising waiting lists for
medical procedures and treatments. However, there is also an opportunity to reform how
healthcare could be delivered. | have demonstrated that Al methods such as machine
learning could be used to help improve triaging of referrals and thus improve the selection
of patients undergoing specialist tests. The increasing accessibility of routine health data
incorporating many more patients and clinical parameters will undoubtedly improve the
performance of models and its applicability to different populations. Although, there
remains ethical considerations which need to be resolved prior to widespread adoption,
increasing use of Al within healthcare is almost inevitable, and will transform the delivery of

patient care.
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