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Abstract

Background: Nutrition is an important aspect of cancer survivorship care that is not
routinely addressed. Patients may benefit from dietary modifications to improve quality of
life and future health outcomes. This PhD aimed to explore dietary habits, awareness of
nutritional recommendations and experiences of nutritional support in patients who have

received radiotherapy to the pelvic area following a cancer diagnosis.

Methods: First, a systematic review regarding diet and nutrition information and support
needs after a pelvic cancer diagnosis was conducted (Phase 1). In Phase two, people
diagnosed with a pelvic cancer (anal, bladder, rectal and cancers of the reproductive
organs), either undergoing [on-treatment (OT): n=266] or having completed pelvic
radiotherapy 6-24 months previously [post-treatment (PT): n=405], were invited to
participate in a survey, followed by telephone interviews with a sub-sample of 28
respondents. In Phase three, the availability and quality of online nutrition information for

pelvic cancer patients in the UK was assessed.

Results: The survey was completed by 254 (38%) cancer survivors. High overweight and
obesity rates (39% and 24% respectively) and presence of treatment side effects (e.g.
bowel changes, appetite issues, fatigue) (82%) were observed. Two-thirds of respondents
(n=170) reported at least one dietary change since diagnosis; most notable changes were
reduction of sugary foods (48%) and alcohol (41%). Forty-three percent (n=108) had
received dietary support from the healthcare team, of which 67% (n=72) felt their needs
were well met. Receipt of support from the healthcare team was significantly associated
with dietary change (OR 3.63, 95% ClI: 1.82-7.23). The majority of respondents (68%,
n=171) would like to receive additional dietary support. Qualitative analysis identified
seven themes: “Impact of diagnosis and treatments on dietary choices”, “Personal

resources”, “Social resources”, “Comorbidities and disabilities”, “Influence of work”,

“Regaining normality” and “Barriers to dietary changes”.. Finally, most online materials

xiii



about diet and nutrition had comprehensive content and good quality, but they were not

widely available.

Conclusion: This thesis identified a lack of routine provision of nutritional care to patients
following a cancer diagnosis and highlighted the need for reliable information to support

patients in managing diet-related problems and leading a healthy future lifestyle.

Contribution to knowledge: This thesis has developed a detailed understanding of diet
and nutrition information and support needs in an under-researched cancer population,
with the use of a mixed-methods design. This knowledge will inform the design of future

dietary / lifestyle interventions.
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Preamble

So, why was | interested in this topic?

| am an Associate Registered Nutritionist, with an education background in nutrition and
dietetics (Bachelor’s degree in Dietetics and Nutrition, Harokopio University, Athens,
Greece; Master’s degree in Human Nutrition and Metabolism, University of Aberdeen,
Scotland). Though | cannot practice dietetics in the UK (not registered), | have always
been very keen on working with clinical populations, from a research perspective.
Therefore, | found this PhD project a unique opportunity to conduct a research project in a

clinical population.

| was made aware of the work of the National Institute of Health Research (NIHR)
Nutrition and Cancer Collaboration by my supervisory team, and considering the work
undertaken / underway by the Collaborative coupled with an awareness of the amount of
(mis)information on diet, lifestyle and cancer widely available on the Internet, | was
inspired to explore supportive care needs in diet and nutrition. As the Collaboration
suggested in the Phase | report (2015), it is essential to understand patient experiences in

order to improve patient care in the clinical setting.

The Patient experience survey reported in the Phase | report from the Collaborative was a
brief exploration of nutritional support and was completed primarily from survivors of
breast cancer. Despite the small sample, the results indicated lack of communication of
nutritional advice and limited support. | was particularly interested in these findings and |
wanted to explore patient experiences of people undergoing treatment which is known to
have a significant burden in diet and nutrition, such as pelvic radiotherapy. This is how this
PhD project was “born”. People undergoing pelvic radiotherapy for cancer are a group
who may present unique needs in diet and nutrition because of the long-lasting treatment
side effects of the treatment; therefore, a patient group worth further exploring in relation

to diet and nutrition.
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Chapter 1. Literature review




1.1. Definition of cancer

Cancer is defined as a “term for diseases in which abnormal cells divide without control
and can invade nearby tissues” (National Cancer Institute, 2019). Cancer can start
anywhere in the body and is categorised into four main types. Carcinomas are the most
common cancers and begin in the skin or in tissues that line or cover internal organs.
Sarcoma is a cancer that forms in bone, cartilage, fat, muscle, blood vessels, or other
connective or supportive tissue. Leukaemia is a cancer that starts in blood-forming tissue,
such as the bone marrow, and does not form solid tumours; instead, it causes large
numbers of abnormal blood cells to be produced and enter the blood. Lymphoma and
multiple myeloma are cancers that begin in the cells of the immune system (Pelengaris

and Khan, 2013).

1.2. Cancer incidence and mortality

Cancer is a significant public health problem worldwide and a leading cause of death in
the 21t century. According to the GLOBOCAN 2018 database produced by the
International Agency for Research on Cancer (IARC), more than 18 million new cancer
cases were estimated to have occurred in 2018 (Bray et al., 2018). Lung and breast
cancers had the highest incidence rates (11.6% for both cancers; approximately 2.1
million new cases), followed by colorectal (10.2% or 1.8 million new cases) and prostate
cancer (7.1% or 1.3 million new cases). Cancer incidence has increased by approximately
4 million since 2012 (Torre et al., 2015) and is projected to further increase in both

developed and developing countries (Bray et al., 2018).

According to the GLOBOCAN database, approximately 9.6 million people died due to
cancer. Lung cancer had by far the highest mortality rate with 1.8 million deaths in 2018
(18.4% of all cancer-related deaths), followed by colorectal (8.9% or 0.88 million),

stomach (8.2% or 0.78 million deaths) and liver (8.2% or 0.78 million deaths) (Bray et al.,



2018). According to the World Health Organisation (WHO), cancer is the first or second

leading cause of death in most countries (WHO, 2018).

In the UK, 446,942 new cancer cases were estimated to have occurred in 2018 according
to the IARC. Prostate and breast cancer were the most common diagnoses, with 56,401
and 55,439 new diagnoses, respectively (Bray et al., 2018). The Office for National
Statistics reported that in 2017, a total of 305,683 new cancers (excluding non-melanoma
skin cancers) were registered in England, with breast (15.1%), prostate (13.5%), lung
(12.7%) and colorectal (11.4%) cancers accounting for over half of the cancer
registrations in England for all ages combined (Office for National Statistics, 2019). It was
also highlighted that cancer incidence continued to rise, up from 303,135 cases in 2016
(Office for National Statistics, 2018) and 299,923 in 2015 (Office for National Statistics,

2017).

1.3. Cancer survival

As well as increasing incidence rates, increased survival rates (or decreased mortality
rates) are observed worldwide, although there are marked differences according to cancer
type and between developed and developing countries (Allemani et al., 2018). According
to the CONCORD programme’s third update, which collected data on cancer survival up
to 2014 (Allemani et al., 2018), western countries, such as the USA, Australia, New
Zealand, Japan and the Scandinavian countries (Finland, Norway, Sweden) had the
highest 5-year net survival rates for most cancers, whereas South-American and South-
Asian countries had lower 5-year net survival rates. Nevertheless, rising survival trends
have been observed for all cancers in all countries included in the CONCORD-3 update

(Allemani et al., 2018).

In England, although the number of people dying from cancer has remained stable

between 2016 and 2017 (135,775 people died from cancer in 2016 and 135,885 in 2017),



the age-standardised mortality rate from cancer has decreased from 275.2 deaths per
100,000 in 2016 to 270.1 in 2017 (Office for National Statistics, 2019). A study by
Quaresma et al. (2015) showed that 1-year, 5-year and 10-year net survival rates have
radically improved for most cancers during the past 40 years in England and Wales. For
all cancers combined, 1-year, 5-year and 10-year net survival rates in the 1970’s were
50.1%, 29.8% and 24.0% respectively, whereas the projected 1-year, 5-year and 10-year
net survival rates in 2010-2011 were 70.5%, 54.3% and 49.8%, respectively. This means
that almost half of adults diagnosed with a cancer will survive their disease for ten years

or longer, in contrast to almost a quarter, 40 years ago (Quaresma et al., 2015).

Increasing cancer incidence and survival act together to increase cancer prevalence, as
more people are diagnosed but at the same time more people live longer after or with
cancer. It is estimated that there are currently more than 2.5 million people in the UK living
with a cancer diagnosis and this number is expected to rise to over 5 million by 2040

(Maddams et al., 2012).

1.4. Definition of a “cancer survivor”

According to the National Cancer Institute, a person is considered to be a cancer survivor
from “the time of cancer diagnosis until the end of life”, although definitions vary.
(Denlinger et al., 2014). In the UK the term “Living With and Beyond Cancer (LWBC)” is
preferred to describe any time since diagnosis (Le Boutillier et al., 2019, Department of
Health et al., 2013). There is currently no agreed universal definition. Throughout this
thesis, people who have been diagnosed with a cancer will be referred to as cancer

survivors.



1.5. Supporting cancer survivors

Advances in early detection and management of cancer, in combination with the ageing
population, have increased 10-year life expectancy rates (Quaresma et al., 2015).
Allemani et al. (2018) note that although prevention is essential in reducing cancer
incidence, not all cancers can be prevented and therefore cancer mortality can be

reduced by improving cancer survival.

A cancer diagnosis is often viewed as a life-changing experience. Diagnosis and
treatment have significant effects on people’s physical, psychological, social and spiritual
wellbeing (Palesh et al., 2018, Cleeland et al., 2012, Duska and Dizon, 2014). Different
treatments can cause different adverse effects that affect every part of the body.
Chemotherapy and radiotherapy destroy healthy cells as well as cancerous cells, leading
to symptoms such as gastrointestinal dysfunction, pain and fatigue (Cleeland et al., 2012,
Mitsuzuka and Arai, 2018), as well as increasing the risk for cardiovascular disease and
cardiac-related mortality (Bouillon et al., 2011). The prevalence of taste and smell
changes is up to 70% in people receiving chemotherapy or radiotherapy, contributing to
appetite loss, reduced food consumption and weight loss (Spotten et al., 2017). Hormone
treatment disrupts the endocrine system, leading to bone loss, sexual dysfunction and
weight gain (Cleeland et al., 2012). According to the Institute of Medicine report From
Cancer Patient to Cancer Survivor: Lost in Transition (Hewitt et al., 2005), the effects of
treatments have been known for years; however, survivorship has only relatively recently
been recognised as a distinct phase of the cancer trajectory, due to increasing survival
rates worldwide. Although the incidence, the severity and the duration of side effects
depends on the type of treatment and the combination of treatments and dose, treatment
side effects have been reported to affect pelvic cancer survivors long after the end of

treatments (Adams et al., 2014).



1.5.1. National initiatives and cancer outcome strategies

With the increasing number of cancer survivors, the Department of Health (DoH) has
highlighted the importance of investigating their needs in order to enhance recovery and
health after cancer treatment (Department of Health et al., 2013). Many survivors have
experienced inadequate care support (Faller et al., 2016, Harrison et al., 2009). As there
is now more evidence that cancer survivors have unmet needs and struggle with
consequences of treatment, the National Health Service (NHS) considers this to be a

major target for improvement.

The DoH, Macmillan Cancer Support and NHS Improvement released a report in 2013 in
which actions to improve outcomes of a cancer diagnosis were suggested (Department of
Health et al., 2013). A framework for survivorship has been suggested, highlighting five

areas of support in cancer survivorship:

1. Information and support from diagnosis — offering survivors support from an early
stage so that they make decisions that best reflect their individual needs, including
work, and using Patient Reported Outcome Measures to collect information for

symptoms, concerns and quality of life to identify individual unmet needs.

2. Promoting recovery — use of a “recovery package” that includes education and
support, treatment summary and a Holistic Needs Assessment, as well as offering

advice on rehabilitation and lifestyle and access to relevant support services.

3. Sustaining recovery — offering follow-up as a means to further address unmet

needs and enhance self-management.

4. Managing the consequences of treatment — assessing short- and long-term
consequences and offering relevant information for self-management and

recommended surveillance tests.



5. Supporting people with active or advanced disease — offering a full assessment
plan in recurrence, relevant care plans smooth transition between cancer support,

palliative care and end of life services.

Understanding the need to address the new priorities in cancer care, the Independent
Cancer Taskforce, which was established by NHS England on behalf of the Care Quality
Commission, Health Education England, Monitor, Public Health England and the Trust
Development Authority in 2015, developed a 5-year strategic plan to improve cancer
outcomes in England (2015-2020), with a focus on six priorities: prevention; early
diagnosis; communication, information provision and patient experience; supporting
people living with and beyond cancer; investing on high-quality services and setting clear

expectations (Independent Cancer Taskforce, 2015).

Patient experience is set as a central aspect of care, from the point of diagnosis, through
to treatment and beyond. Survivors require holistic support to address physical,
psychosocial and financial issues as a result of their diagnosis. Patient experience will be
improved through effective patient-provider communication, provision of information and
promotion of shared decision-making. The varying needs of people living with and beyond
cancer highlights the complexity and the challenges of the development of future services;
however, it is essential to have a good understanding of the varied needs to shape
appropriate services and pathways of care in order to address these needs. Services that
have been recommended to improve quality of life will be part of a recovery package and
include: a Holistic Needs Assessment; information on management of long-term treatment
side-effects; information about actions in case of secondary or recurrent cancers;
treatment summaries; wellbeing events on healthy lifestyle and physical activity; and
access to rehabilitation, work and financial support services (Independent Cancer

Taskforce, 2015).

The NHS supports the move towards a more patient-centred approach in relation to

management and support after a cancer diagnosis, through personalisation of approaches



and patient empowerment to take share of responsibility to stay healthy. To achieve this,
appropriate support and education should be provided so that people live well outside
hospitals and return to their lives (Independent Cancer Taskforce, 2015). As a significant
proportion of costs relate to survivors’ needs after the end of treatment (survivorship
phase) (Laudicella et al., 2016), tailored patient-centred care has the potential to reduce

these costs through improvement of survivors’ Quality of Life (QoL).

1.6. The “teachable moment” of a cancer diagnosis

A cancer diagnosis is often perceived as a “teachable moment” in people’s lives. The term
“teachable moment” is used to describe life or health events where a patient is receptive
to counselling and education and to adopt risk-reducing health behaviours (McBride et al.,
2003). Following a diagnosis of cancer, people may be more focussed on their health and
recovery and may be more receptive to health-related messages, such as lifestyle and
symptom management. Therefore, it is perceived as an opportunity for health services to
communicate health messages to cancer survivors that will help them recover fast and
improve their QoL. A study by Hawkins et al. (2017) showed that cancer survivors may
practice healthier lifestyle habits such as smoking cessation and maintenance of a healthy

weight as a result of their diagnosis.

1.7. Diet, nutrition and cancer

Lifestyle has been implicated in cancer development for several decades and recently in
survivorship outcomes. This PhD project focusses on one aspect of lifestyle: diet and
nutrition. According to the Oxford Dictionary, a diet is defined as “the kinds of food that a
person, animal, or community habitually eats”. Nutrition is defined as “the process of
providing or obtaining the food necessary for health and growth”. In this thesis, both terms

will be used together to describe a person’s food consumption.



1.7.1. Diet, cancer development and cancer risk

Over the past decades, there has been extensive research on the role of diet and nutrition
in the development and progression of cancer. The most recent summary of evidence was
published by the World Cancer Research Fund and the American Institute for Cancer
Research (WCRF/AICR) in 2018, as part of the Continuous Update Project programme
running from 2007 (World Cancer Research Fund/American Institute for Cancer
Research, 2018). The Third Expert Report highlights that overweight and obesity has
been linked with the development of 12 different cancers and there is “convincing
evidence” for seven of these [oesophageal (adenocarcinoma), pancreatic, liver, colorectal,
breast postmenopause, endometrial and kidney]. Evidence also exists for the role of
alcohol in increasing the risk of seven different cancers (“convincing evidence” for five of
them) and decreasing the risk of developing one cancer (kidney). “Convincing evidence”
also exists for the consumption of processed meats and increased colorectal cancer risk,
aflatoxins and increased liver cancer risk, high dose beta-carotene and increased lung
cancer risk and arsenic in water and increased lung cancer risk. Despite the continuous
research in this field, there is insufficient evidence to draw conclusions in numerous

combinations of dietary components and different cancers.

1.7.2. Diet, nutrition and cancer survivorship

The role of diet and nutrition after a cancer diagnosis may be different depending on
cancer site, cancer stage and treatment stage. After diagnosis and during treatment,
cancer survivors are at risk of malnutrition due to the metabolic effects of the cancer and
also due to the side effects from anticancer treatment (Arends et al., 2017b). After the end
of treatment, survivors may still struggle with long-term and late side effects (Adams et al.,
2014), as well as high overweight and obesity rates (Shoemaker et al., 2016) and

increased risk for the development of metabolic diseases (Weaver et al., 2013).



1.7.2.1.  Diet and nutrition during cancer treatment

Inadequate nutritional intake, muscle protein depletion and systemic inflammation which
affect metabolic processes, lead to weight loss and impaired physical function. Between
20% and 70% of on-treatment survivors have been estimated to be malnourished
according to a number of studies summarised by Arends et al. (2017b). Weight loss,
cachexia (involuntary weight and muscle mass loss) and sarcopenia (low lean body mass)
are associated with poorer treatment outcomes (Gangadharan et al., 2017), poorer quality
of life (Gellrich et al., 2015), increased risk of mortality (Gangadharan et al., 2017, Ryan et

al., 2016) and increased length of hospital stay (Ryan et al., 2016).

Treatment side effects, such as appetite problems (appetite loss, anorexia, early satiety or
increased appetite), gastrointestinal disturbances (diarrhoea, constipation, bloating), taste
and smell changes, dysphagia, xerostomia, nausea and vomiting, all can have a negative
effect on weight status and further contribute to the risk of malnutrition. Tumour site and
stage determine the treatment(s), which means that different people will experience

different side effects (Cancer Research UK, 2017).

In order to improve detection and treatment of malnutrition in the cancer setting, the
European Society for Clinical Nutrition and Metabolism (ESPEN) has published guidelines
which focus on early screening, assessment and intervention (Arends et al., 2017a). From
a total of 37 recommendations, only twelve are characterised as “strong” and even fewer
(four) are based on high or moderate quality evidence, highlighting the need for further
research to create stronger evidence (Arends et al., 2017a). There are strong
recommendations about screening and assessment, energy and protein requirements,
physical activity, use of vitamins and minerals and use of oral and artificial
(enteral/parenteral) nutrition based on individual assessment while on treatment (Table

1.1).
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Table 1.1: ESPEN recommendations in nutrition and cancer characterised as "strong", and
their level of evidence (Arends et al., 2017a).

Section

“Strong” recommendation

Level of
evidence

Screening
and
assessment

To detect nutritional disturbances at an early stage, regular
evaluation of nutritional intake, weight change and BMl is
recommended, beginning with cancer diagnosis and repeated
depending on the stability of the clinical situation.

In patients with abnormal screening, objective and quantitative
assessment of nutritional intake, nutrition impact symptoms, muscle
mass, physical performance and the degree of systemic inflammation
is recommended.

Very low

Very low

Energy and
substrate
requirements

Total energy expenditure of cancer patients, if not measured
individually, is recommended to be assumed to be similar to healthy
subjects and generally ranging between 25 and 30 kcal/kg/day.

Protein intake should be above 1 g/kg/day and, if possible up to 1.5
g/kg/day

In weight-losing cancer patients with insulin resistance, increase of
the ratio of energy from fat to energy from carbohydrates is
recommended. This is intended to increase the energy density of the
diet and to reduce the glycaemic load.

Vitamins and minerals should be supplied in amounts approximately
equal to the RDA and the use of high-dose micronutrients in the
absence of specific deficiencies is discouraged.

Low

Moderate

Low

Low

Nutrition
interventions

Nutritional intervention to increase oral intake in cancer patients who
are able to eat but are malnourished or at risk of malnutrition is
recommended. This includes dietary advice, the treatment of
symptoms and derangements impairing food intake (nutrition impact
symptoms), and offering oral nutritional supplements.

Use dietary provisions that restrict energy intake in patients with or at
risk of malnutrition should be avoided.

If a decision has been made to feed a patient, enteral nutrition is
recommended if oral nutrition remains inadequate despite nutritional
interventions (counselling, ONS), and parenteral nutrition if enteral
nutrition is not sufficient or feasible.

If oral food intake has been decreased severely for a prolonged
period of time, it is recommend to increase (oral, enteral or
parenteral) nutrition only slowly over several days and to take
additional precautions to prevent a refeeding syndrome.

In patients with chronic insufficient dietary intake and/or
uncontrollable malabsorption, home artificial nutrition (either enteral
or parenteral) in suitable patients is advised.

Moderate

Low

Moderate

Low

Low

Exercise
training

We recommend maintenance or an increased level of physical
activity in cancer patients to support muscle mass, physical function
and metabolic pattern.

High

In cancer groups most prone to malnutrition during treatment, such as ovarian cancer, a

recent systematic review of nutritional interventions showed that nutritional support was

associated with reduced length of hospital stay and fewer post-operative complications
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(Rinninella et al., 2019). Nevertheless, large-scale randomised controlled trials (RCTs)

with more homogeneous types of intervention and clinical outcomes are warranted.

1.7.2.2.  Diet and nutrition after cancer treatment

The “teachable moment” of a cancer diagnosis and the treatment complications may be
drivers for survivors to consider changing dietary habits. A recent study assessed health
behaviours of breast, colorectal and prostate cancer survivors and showed that all cancer
groups consumed on average about five servings of fruit and vegetables per day
(Bluethmann et al., 2015). Also, one third (33%) of the survivors’ daily energy intake was
derived from fat (Bluethmann et al., 2015), which is in line with current recommendations
for healthy eating (Public Health England, 2016). There were considerable differences
according to BMI status, educational status and gender; people with higher BMI and lower
educational status, as well as male survivors consumed significantly less fruit and
vegetables compared to people with lower BMI, college-educated and female survivors. It
should be noted that the response rate in this survey was 56% and no information about

non-respondents was provided (Bluethmann et al., 2015).

On the other hand, results from a retrospective, cross-sectional matched case-control
study in survivors of breast, colorectal and prostate cancer in the USA (data collected in
2009) showed that only a minority followed the American Cancer Society
recommendations for physical activity (30—47%), consumption of five fruit and vegetables
daily (20-34%), and healthy weight (25-40%). Women with breast cancer were more
likely to meet the 5-a-day recommendation in the short term, compared to cancer-free
matched women, but this was not the case in the long term (LeMasters et al., 2014). It
was, therefore, shown that healthy lifestyle behaviours may be implemented in the short-

term but may not be maintained in the long-term.
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Also, survivors may be less likely to make changes in relation to diet and nutrition,
compared to other lifestyles changes, such as smoking. A large cross-sectional study
conducted in the USA in survivors of six different cancers showed that only 15-19% of
them were adhering to the recommendation for fruit and vegetable consumption
(consumption of 5 servings of fruit and vegetables per day) (Blanchard et al., 2008). On
the other hand, 88-92% of them were non-smokers. Interestingly, only 4-6% of survivors
in that study adhered to all three lifestyle recommendations (150 minutes of moderate-to-
strenuous physical activity, consumption of five servings of fruit and vegetables per day,
no smoking) (Blanchard et al., 2008). The relationship between smoking and cancer
development has been well established and there is robust evidence in comparison to the
relationship between diet and cancer. Also, smoking cessation promotion campaigns have
been shown to be more effective on a population level than campaigns which promote
healthy diet or increased physical activity (Mozaffarian et al., 2012, Liu et al., 2012).
Although there is limited evidence on the effectiveness of smoking cessation interventions
in oncology populations (Nayan et al., 2013), general health promotion messages to avoid

or stop smoking may have been better communicated.

1.7.2.2.1. Overweight and obesity in cancer survivors

The World Health Organisation defines overweight and obesity as “abnormal or excessive
fat accumulation that may impair health” (World Health Organisation, 2018). A simple way
to determine overweight and obesity on a population level is the use of Body Mass Index
(BMI); an index of weight-for-height. It is calculated by dividing a person's weight in

kilograms by the square of his height in metres (kg/m?) (World Health Organisation, 2018).

It has been documented that cancer survivors have high overweight and obesity rates. A
study on breast, prostate, colorectal and gynaecological cancer survivors showed that

62% were classified as overweight or obese (BMI>25 kg/m?) (Weaver et al., 2013). In
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other studies, obesity (BMI>30 kg/m?) was prevalent in about three out of ten survivors

(Shoemaker et al., 2016, Greenlee et al., 2016).

With regards to cancer survivorship, there have been several observational studies and
systematic reviews that have assessed survivors’ weight status and evaluated the effect
of overweight/obesity in overall survival, cancer-specific or non-cancer specific deaths and
QoL in cancer populations. A systematic review and meta-analysis of 82 follow-up studies
has shown that obesity (as defined by BMI status) was associated with poorer breast
cancer survival, both in pre-menopausal and post-menopausal women (Chan et al.,
2014). More specifically, for every 5kg/m? increase in BMI after diagnosis the risk of
cancer-specific mortality was increased by up to 29%, although the authors suggested
statistical power may have influenced the results. Women who were classified as obese
12 months after diagnosis had a 21% increased risk for total mortality, compared to

normal weight breast cancer survivors (Chan et al., 2014).

Other cancer diagnoses are less studied but there are available systematic reviews to
summarise the existing evidence. Secord et al. (2016) explored the association between
post-diagnosis BMI and overall mortality in survivors of an endometrial cancer. Compared
to women with a BMI<25 kg/m?, women with BMI over 40kg/m? had a 66% increased risk
for all-cause mortality [Odds Ratio (OR):1.66, 95% Confidence Interval (CI): 1.10-2.51,
P=0.02]. The authors also estimated that for every 10% increase in BMI, there was a 9%
increase in the odds of all-cause mortality; however, a more recent study from the
Women's Health Initiative does not support the findings of the systematic review (Arem et

al., 2017).

With regards to prostate cancer, an earlier systematic review showed a 5kg/m? increase in
BMI led to 20% higher, prostate cancer-specific mortality; however this was not
statistically significant [Relative Ratio (RR) 1.20, 95% CI 0.99-1.46, P=0.06] (Cao and Ma,
2011). A more recent, retrospective study conducted in the USA showed that overweight

and obesity were associated with increased prostate cancer-specific mortality in people
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treated with radical prostatectomy (Vidal et al., 2017). However, Schiffman et al. (2018)
demonstrated that prostate cancer survivors with obesity were less likely to exhibit
metastases after radical prostatectomy, highlighting an “obesity paradox”, as it was
anticipated by the authors that excess adiposity would be associated with increased risk
of development of metastasis. It was also shown that obesity was associated with
increased metastases-free survival. Authors highlighted that these findings may not be
related to prostate cancer patients in active surveillance or treated with radiation. A
previous meta-analysis of cohort studies has demonstrated a positive association
between obesity and prostate cancer-specific mortality (Zhang et al., 2015). The above
indicate that the link between obesity and mortality/survival after cancer diagnosis may be
more complex than initially assumed, and highlights that different methodological

approaches can yield conflicting evidence.

Obesity is also implicated in survival of people diagnosed with colorectal cancer. A
retrospective observational study showed that BMI was associated with all-cause and
cancer specific mortality in a non-linear way (Kroenke et al., 2016). People classified as
underweight (BMI<18.5 kg/m?) and class Il obese (>35 kg/m?) had an increased risk of
mortality (all-cause or cancer-specific). Interestingly, those classified as overweight had
the best prognosis and those classified as class | obese (30 kg/m?<BMI<35 kg/m?) had no
different mortality risk compared to those in the “normal weight” (18.5 kg/m?<BMI<30
kg/m?) category (Kroenke et al., 2016). Moreover, results from the Cancer Prevention
Study-II Nutrition Cohort conducted in colorectal cancer survivors showed that post-
diagnosis BMI was not associated with all-cause or cause-specific mortality (Campbell et

al., 2012).

Apart from its impact on survival, overweight and obesity have been associated with lower
QoL. Vissers et al. (2017) demonstrated that colorectal cancer survivors with increased
BMI and/or waist circumference had worse QoL indexes (physical, emotional, cognitive

and social functioning) and symptoms of fatigue, compared to survivors with normal BMI
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(18.5kg/m?<BMI<25 kg/m?). Similarly, a systematic review and meta-analysis that
included a total of 1,363 endometrial cancer survivors showed that women with obesity
had significantly poorer physical, social and role functioning when compared to non-obese
women (Smits et al., 2015a). A smaller, cross-sectional study on ovarian cancer survivors
showed that increasing BMI was associated with lower physical and emotional functioning
(Smits et al., 2015b). Consequently, although findings on the role of obesity on survival
may depend on cancer site and study design, evidence on its negative effect on QoL is

more consistent.

1.7.2.2.2. Dietary patterns, dietary components and outcomes in cancer survivors

Regardless of weight status, observational studies have evaluated the role of dietary
components and dietary patterns in cancer outcomes, such as all-cause mortality, cancer-

specific mortality and QoL.

A recent systematic review on the effect of dietary patterns on prognosis following a
breast cancer diagnosis showed that better overall dietary intake, as assessed by indexes
(health/prudent dietary pattern or the Healthy Eating Index or the Alternative Healthy
Eating Index), may independently improve overall and non-breast cancer survival.
However, there was very limited and inconsistent evidence regarding breast cancer-
specific survival and recurrence. Only seven studies were included in this review, in which
dietary intake was taken post-diagnosis and was assessed with Food Frequency

Questionnaires (Terranova et al., 2018).

Two studies assessed post-diagnosis diet quality and cancer outcomes in colorectal
cancer survivors. The first study used the Alternate Healthy Eating Index-2010 (AHEI-
2010), alternate Mediterranean Diet score (aMED) and Dietary Approaches to Stop
Hypertension score (DASH), as well as two dietary patterns, Western (unhealthy) and

prudent (healthy) to assess diet quality. The authors found that higher AHEI-2010 score
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(better diet quality) was significantly associated with lower overall mortality, but no other
indexes showed any significant associations. Moderate alcohol consumption and lower
consumption of sugar-sweetened beverages seemed to drive this association, as
significant inverse associations for overall mortality were shown with these two food
components when they were examined separately (Fung et al., 2014). The other study
assessed two dietary patterns [Modified Mediterranean Diet Score (MMDS) and healthy
Nordic Food Index (HNFI)] and found that high scores (better diet quality) in both indexes

were associated with lower all-cause mortality (Ratjen et al., 2017).

Two recent reviews on lifestyle factors and their impact on survival and recurrence
indicated that evidence on diet and dietary components is currently weak to draw any
conclusions (van Zutphen et al., 2017, Jochems et al., 2018). Even for dietary
components which are known for their influence (either positive or negative) on cancer
development, more research is needed regarding their role on survival and mortality (van
Zutphen et al., 2017). For example, a study among colorectal cancer survivors in
Germany showed that red and processed meat consumption was not associated with
mortality (Carr et al., 2016). Another study found that post-diagnosis total calcium intake
and milk intake, but not vitamin D intake, was inversely associated with all-cause mortality
in colorectal cancer survivors of the Cancer Prevention Study-II Nutrition Cohort (Yang et
al., 2014). Jochems et al. (2018) concluded that there may be some limited evidence to
indicate that a low-fat diet, a high-quality diet and a prudent diet are beneficial for breast
cancer survivors, but there is insufficient evidence for all other cancer sites that particular

behaviours influence cancer-related outcomes.

One study assessed adherence to the WCRF/AICR guidelines for cancer prevention

(which are also encouraged to be followed by cancer survivors) and its association with
mortality in older female cancer survivors. Results showed that women with the highest
versus lowest adherence score had lower all-cause mortality (Hazard Ratio = 0.67; 95%

Cl: 0.50-0.94). Adherence to physical activity recommendations had greater benefits than
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adherence to dietary or body weight recommendations, as it was associated with lower

all-cause, cancer-specific and CVD-specific mortality (Inoue-Choi et al., 2013).

1.7.2.2.3. Dietary interventions in cancer survivors

There is limited research regarding the impact of dietary or lifestyle modifications in
cancer outcomes following a diagnosis. Most of the evidence on diet, nutrition, obesity
and cancer outcomes comes from observational studies and have been discussed in the

previous sections.

A recent Cochrane review and meta-analysis by Burden et al. (2019) ) summarised the
evidence of dietary interventions in outcomes in cancer survivors. Included studies
provided dietary advice in groups sessions, telephone or face-to-face consultations, or
written or web-based form. A total of 25 studies, most of which were conducted in breast
cancer populations, showed some favourable results in relation to Body Mass Index (slight
decrease), Diet Quality Index (likely improvement) and consumption of fruit and
vegetables (slight increase). There was little or no effect of a dietary intervention in overall
survival, development of a secondary cancer, energy intake 12 months post-diagnosis
and waist-to-hip ratio. QoL results were mixed, due to the variety of tools used from the
included studies. Most results were based on low or very low quality evidence, highlighting
the need for more rigorous research with standardised methods to gain a better

understanding of dietary interventions in cancer outcomes (Burden et al., 2019).

Interventions that implement dietary and physical activity modifications are also available
in the literature. The Exercise and Nutrition Routine Improving Cancer Health (ENRICH)
intervention was a RCT in which cancer survivors and carers were provided with face-to-
face, theory-based sessions on healthy eating and physical activity (intervention group) or
routine care (control group). At 20 weeks, the intervention group had increased physical
activity and vegetable intake, while achieving greater weight loss than the control group
(James et al., 2015). On a 12-month follow-up during which no further intervention was
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provided, physical activity and weight loss were maintained, but vegetable intake
decreased, indicating that not all lifestyle behaviours are maintained in the long-term

(Stacey et al., 2017).

The FRESH START Trial was a 10-month diet and exercise intervention for breast and
prostate cancer survivors in the USA. Tailored printed materials promoting fruit and
vegetables, reducing fat intake and increasing exercise were provided to the intervention
group, while the control group received generic information. Although both groups
improved lifestyle behaviours, participants in the intervention group were more active (+20
minutes, P=0.02), ate more fruit and vegetables (+0.5 servings, P=0.01) and achieved
modest weight loss in comparison to the control group which did not achieve weight loss

(Demark-Wahnefried et al., 2007).

Another diet and exercise intervention in breast cancer survivors (Exercise and Nutrition
to Enhance Recovery and Good Health for You or ENERGY) aimed to reduce weight to
those assigned in the intervention group by 7% within 24 months. Results showed that the
intervention group lost more weight at 12 months and 24 months, compared to the control
group that received publicly available materials; however, weight loss in the intervention

group was less than 7%, both in 12 and 24 months (6% and 3.7%) (Rock et al., 2015).

Dietary or lifestyle interventions are less frequent for other cancer sites. A recent
systematic review on lifestyle interventions in gynaecological cancer survivors included
only three studies, none of which examined the effect of lifestyle modification in survival or
recurrence. Two studies included in the meta-analysis examined the effect of lifestyle

modification on QoL and found no significant results (Yeganeh et al., 2018).

In view of limited intervention studies producing inconclusive evidence about the role of
diet or lifestyle (diet and physical activity) on cancer related outcomes following a cancer
diagnosis, there is a strong scientific interest in this area of research. Several protocols
have been published with ongoing studies that have developed dietary or lifestyle
interventions with the aim to explore cancer outcomes: management of treatment side
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effects (Sun et al., 2018), disease-free and overall survival (Henriksen et al., 2017,
Thomson et al., 2016), risk of recurrence (Ramirez et al., 2017) and QoL (Thomson et al.,

2016).

1.8. Dietary support post-cancer treatment

At present, nutritional guidelines for post-treatment cancer survivors in the UK are
available from two sources: the ESPEN guidelines (Arends et al., 2017a) and the WCRF
3 expert report (World Cancer Research Fund/American Institute for Cancer Research,
2018). The WCREF guidelines were developed for cancer prevention but are also
recommended for post-treatment cancer survivors, due to the weak evidence base, as
indicated in the previous sections. It also highlights that post-treatment cancer survivors
should follow these recommendations “if possible”, indicating that potential detrimental
effects of treatments may affect survivors’ life and subsequent dietary habits (World
Cancer Research Fund/American Institute for Cancer Research, 2018). The two ESPEN
recommendations are also based on low level of evidence, as most of the available

studies are observational. Recommendations are summarised in Tables 1.2 and 1.3.

Following the Department of Health’s initiative towards supporting patients throughout the
cancer trajectory, it is important to investigate whether and how successfully dietary and
nutritional information is communicated to cancer patients. Previously published scoping
and systematic reviews have highlighted a number of unmet needs in cancer patients and
information on diet and nutrition is one of them (Fletcher et al., 2017, Puts et al., 2012,
Van Mossel et al., 2012, Kotronoulas et al., 2017). Dietary information is needed in
different phases of the cancer trajectory, including treatment, rehabilitation/recovery and

end of life (Fletcher et al., 2017).
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Table 1.2: ESPEN recommendations for cancer survivors (Arends et al., 2017a).

Section Recommendation Strength of Level of
recommendation  evidence
We recommend that cancer survivors engage in Strong Low
regular physical activity.
In cancer survivors we recommend to maintain a Strong Low
Cancer healthy weight (BMI 18.5 — 25 kg/mZ2) and to
survivors maintain a healthy lifestyle, which includes being

physically active and a diet based on vegetables,
fruits and whole grains and low in saturated fat,
red meat and alcohol.

Table 1.3: WCREF guidelines for cancer prevention and cancer survivors (World Cancer
Research Fund/American Institute for Cancer Research, 2018).

Recommendations

Be a healthy weight — Keep your weight within the healthy range and avoid weight gain in later life
Move more — Be physically active as part of everyday life — walk more and sit less

Enjoy more grains, veg, fruit & beans — Eat a wide variety of wholegrains, vegetables, fruit and
pulses such as beans

Avoid high-calorie foods — Limit consumption of fast foods and other processed foods high in fat or
sugar

Limit consumption of red and processed meat — Eat no more than three portions of red meat a
week and eat little, if any, processed meat

Limit consumption of sugar-sweetened drinks — Drink mostly water and unsweetened drinks

For cancer prevention, don’t drink alcohol — If you do, limit alcoholic drinks and follow national
guidelines

Don’t rely on supplements — Eat a healthy diet rather than relying on supplements to protect
against cancer

Breastfeed your baby — If you can, breastfeed your baby for six months before adding other liquids
and foods

Recognising patients’ unmet needs in this area and the lack of consistent evidence, the
National Institute of Health Research (NIHR) created the NIHR Nutrition and Cancer
Infrastructure Collaboration, with the aim of bringing nutrition research and cancer
research together, to shape future research pathways and support cancer survivors.
According to the Phase | report from collaboration (2015), research knowledge about diet
and nutrition is not currently being translated to improve care, suggesting that many
patients with cancer do not receive dietary advice from their healthcare professionals

(Cancer and Nutrition NIHR infrastructure collaboration, 2015). The survey was
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predominantly completed by breast cancer survivors and there was insufficient information

for other cancer groups (Cancer and Nutrition NIHR infrastructure collaboration, 2015).

1.9. Pelvic cancers

The focus of this PhD will be on people who were treated with radiotherapy for a cancer
diagnosis in the pelvic area. Pelvic cancer refers to a variety of cancers involving the
structures and the organs in the pelvis. Pelvic cancers include cancers of the anus,
bladder, rectum, gynaecological cancers (cervix, uterus, ovaries, vulva and vagina) and
male cancers (prostate, penis and testes) (Paramasivam et al., 2006). Prostate cancer is
the most common cancer in males in England (26% of registered male cancers), while
gynaecological cancer accounted for almost 12% of registered cancer cases in women in
2014 (Office for National Statistics, 2019). Survival rates are higher than average in most
pelvic cancers; it is expected that 84% prostate, 77% endometrial, 63% cervical, 57%
rectal and 50% bladder cancer survivors will live for more than ten years (Quaresma et al.,
2015). Only patients with an ovarian cancer diagnosis still have a poor 10-year life

expectancy (35%) (Quaresma et al., 2015).

Apart from increasing incidence and survival, people diagnosed with a pelvic cancer share
a number of common characteristics that may affect future wellbeing and quality of life,
such as persistent treatment side effects (Adams et al., 2014) and high obesity rates
(Weaver et al., 20