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SUMMARY
Cancer rates are increasing with predictions of incidence rates doubling between 2000 and 2020.
Although several factors are contributory, the rising incidence of overweight and obesity is
currently thought to be fuelling cancer rates and has also been linked with pre cancerous lesions.
The World Cancer Research Fund (WCRF) now considers that diet and obesity account for 35%
of cancer-related deaths, as compared to smoking accounting for 30%. Obesity is an important
modifiable risk factor for cancer. At present the strongest support for mechanisms to link obesity
and cancer risk involves the metabolic and endocrine effects of obesity and the alterations they
induces. This thesis describes several studies of the impact of obesity on different cancers —
oesophageal, breast and colorectal cancer - from its™ aetiology, factors linked to progression of

cancer and treatment outcomes.

Chapter 3 of this thesis examines the nutritional epidemiology of breast cancer, a case control
study of 200 cancer cases and 519 healthy controls showed that obesity was an independent risk
factor for post-menopausal breast cancer. Obesity doubled the risk in obese women compared to

healthy controls. This was the first Irish study on obesity and postmenopausal breast cancer.

Chapter 4 and Chapter 5 of this thesis examine the effect of metabolic syndrome on tumour
features in postmenopausal breast cancer and colorectal cancer. Chapter 4 Metabolic syndrome
was diagnosed in 39% of patients, its presence was associated with central obesity (p<0.005) and
increased inflammation. Metabolic syndrome was also associated with more aggressive tumour
biology: patients with more advanced cancer (pathological stage II-1V) were significantly more
likely to be obese, centrally obese, hyperglycaemic, hyperinsulinaemia and 51% had metabolic
syndrome compared with 12% for early stage disease. Hyperinsulinaemia and metabolic
syndrome were both significantly associated with node positive disease. Chapter 5 Metabolic
syndrome was diagnosed in 38% patients, which exceeds the reported population norms of 21%.
Males had significantly (p < 0.05) greater visceral fat area compared with females. Metabolic
syndrome and plasma leptin are associated with a more aggressive tumour phenotype in males
only in respect of nodal status, microvascular invasion, pathological stage, while no significant
association was observed in females. The implications of these studies with respect to prevention
and treatment require further study. Chapter 6 and 7 establishes oesophagectomy as a severe
operation associated with higher post operative morbidity and mortality, compared to colorectal
cancer surgery. Traditionally obesity was considered to increase operative risk, this question was

addressed separately in the treatment of both oesophageal and colorectal cancer.

Chapter 6 examines the effect of obesity on postoperative morbidity, mortality and overall
survival following the management of localised adenocarcinoma, which had not been addressed

in the literature before. We compared of 150 obese and non obese patients undergoing

\Y%



neoadjuvant therapy or surgery alone. and report that obesity was associated with increased
respiratory complications, anastomotic leaks and a longer length of stay with no difference in
mortality or major complications or survival, suggesting that obesity should not independently
have a significant impact on risk assessment in oesophageal cancer management. Chapter 7 we
compared BMI categories to investigate the effect of under nutrition and obesity on tumour
pathology as well as standard outcomes following resection of colorectal cancer. Analysis by
cancer site as well as by gender was also possible. Obesity was associated with more advanced
tumours (advanced pathological stage. node positivity, and degree of nodal involvement) in
males and in colon cancer patients only, and with a higher risk of postoperative pelvic abscesses,
but no significant differences with non-obese cohorts in the main outcome measures of in-
hospital mortality, major morbidity, and survival. Conversely, the adverse consequences of
under-nutrition in relation to major complications and post operative death were highlighted in

this study.

Chapter 8 this unit has already reported obesity as an independent risk factor for
adenocarcinoma of the oesophagus and the metabolic syndrome as a potential factor involved in
the progression of Barrett’s metaplasia. Although the mechanism is unclear, a pathway from
reflux to inflammation through metaplasia is the dominant hypothesis. In short, little is known
regarding why only some people with GORD develop Barrett's oesophagus. In a follow up to the
earlier studies we compared patients with Barrett’s oesophagus to age and sex matched GORD
patients and found the incidence of central obesity and the metabolic syndrome are common in
both cohorts, but not significantly different suggesting that central obesity and the metabolic
syndrome does not per se impact on the development of Barrett’s oesophagus in a reflux

population.

Chapter 9 These studies on obesity and cancer add to our understanding of obesity’s
aetiological role, and its clear association with central obesity, (WC, percent body fat, visceral fat
area) and metabolic abnormalities (hyperglycaemia, hyperinsulinaemia, hyperleptinaemia low
HDL cholesterol and high triglycerides) highlighting potential mechanisms whereby obesity and
the metabolic syndrome may effect cancer initiation or cancer progression. The association of
metabolic syndrome and some individual features of the metabolic syndrome deserve further
investigation with special focus on progression of pre cancerous lesions, and how we can
intervene in these pathways by use of pharmacological inhibitors, behaviour modification or

gene therapy. These results may have treatment implications for many other solid tumours.
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1.1 Obesity in general

Obesity has reached epidemic proportions globally, with more than 1.7 billion adults
overweight and 300 million clinically obese (World-Health-Organisation 2000). Data
from two U.S. National Health and Nutrition Examination Survey surveys show that the
prevalence of obesity more than doubled in 30 years (15% in 1976-1980 - 33.8% in 2007-
2008 (Flegal et al, 2010). Currently 68% of U.S. adults aged 20 years or over are
overweight or obese with half (34%) obese (Flegal er al, 2010). In the World Health
Organization (WHO) European Region, it is estimated that 30-80% of adults are currently
overweight, and the WHO predicts that by 2010 there will be 150 million obese adults and
15 million obese children (Branca et al, 2007). Obesity is diagnosed using Body Mass
Index (BMI): weight in kilograms divided by height in meters squared. The WHO divides
BMI into three broad categories: normal: 20-25 kg/mz. overweight: 25-29.9 kg/m:, and
obese >30 kg/m” (World-Health-Organisation 2000). The increasing prevalence of obesity
is a worldwide phenomenon affecting both children and adults. In Ireland over 60 per cent
of the adult population are overweight or obese, with about 25% obese (McCarthy et al,
2002), and the dramatic rise in the incidence of obesity is concerning for future health

risks.

1.2 Obesity, Cancer Incidence & Cancer Mortality

While the association between obesity, diabetes and cardiovascular disease are well
documented, the relationship of obesity with cancer has only been examined in the last 30
years. Obesity is one of the strongest emerging risk factors for many cancers in Western
countries (Bergstrom er al, 2001; Parkin et al, 2005). The American Institute for Cancer
Research (AICR) and the World Cancer Research Fund (WCRF) now consider that diet
and obesity account for 35% of cancer-related deaths, as a comparison smoking accounts
for 30% (WCRF/AICR 2007). There is a very strong association between obesity and
cancer especially cancer of the oesophagus (adenocarcinoma), cancer of the uterus, breast
cancer (after the menopause), and kidney cancer, and a real but lesser association with
some types of lung cancer, colon cancer, prostate cancer, and pancreas cancer. The
WCRF/AICR estimates of cancer preventability through good nutrition, exercise and
tackling obesity are, as examples, 60% for oesophageal cancer, 70% for uterine womb
cancer, 40% for breast cancer, 45% for colon cancer, 20% for prostate cancer, with a
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combined estimate of 25% of all cancers that could be prevented through these approaches

(WCRF/AICR 2007).

The relationship between excess body weight and overall mortality has long been
recognized (Calle er al, 1999; Kopelman 2000; Manson et al, 1995; Stevens et al, 1998;
Bianchini et al, 2002; Calle et al, 2003). In the largest prospective cohort investigation of
the role of obesity and cancer mortality, over 900,000 American adults were followed for
16 years (Calle er al, 2003), with analyses adjusted for many potential confounders.
Compared with individuals with a normal BMI, obesity was associated with significant
increases in cancer mortality from colorectal. liver, gallbladder, pancreatic, prostate, non
Hodgkin’s lymphoma, multiple myeloma. oesophageal, breast (post-menopausal), uterine,
cervical, and ovarian cancers. Compared to normal weight individuals, the heaviest
members of the cohort (BMI>40 kg/mz) had death rates from all cancers that was 52%
higher for men and 62% higher for women (Calle er al, 2003). Taken together, the authors
estimate that obesity is responsible for up to 14% and 20% of all cancer deaths in men and
women respectively, amounting to 90,000 annual deaths that are potentially avoidable if
BMI was kept below 25 kg/m? (Calle er al, 2003). In Europe it is estimated that 36,000
cancer cases could be avoided by halving the prevalence of overweight & obesity

(Bergstrom et al, 2001).

Obesity is an important modifiable risk factor for cancer, with many cancers being linked
to excess weight. However the effect of obesity may differ depending on the site of
cancer, it is unlikely that there is a ‘one system fits all mechanism’ (Roberts er al, 2010).
This thesis is mainly concerned with the impact of obesity and its associated metabolic
abnormalities on adenocarcinoma of the oesophagus, postmenopausal breast cancer and
colorectal cancer, whose cancer incidence and the epidemiological studies linking

increased risk with obesity will be reviewed next.
1.2.1 Breast Cancer

1.2.1.1 Breast Cancer Incidence

Breast cancer is the second most common cancer diagnosis in the world (Ferlay et al,
2010; Parkin et al, 2005), the most common diagnosis in women with more than a million
women diagnosed with breast cancer every year, accounting for 13% of all new cancers

and 28% of all female cancer cases (Ferlay et al, 2010). Breast cancer is also the leading




cause of cancer death in women in Ireland (18% of deaths), at almost 700 deaths per year
(Cancer in Ireland 1994-2007). The risk of women developing breast cancer continues to
rise to the order of 3-5% per annum (Women and Cancer in Ireland). In the UK., it has
been estimated that the lifetime risk of developing breast cancer is 1 in 1,014 for men and

1 in 9 for women (Cancer Research UK, 2010).

Breast cancer incidence varies considerably by world region. In general. the incidence is
high (greater than 80 per 100,000) in developed regions of the world and low (less than 30
per 100,000), though increasing, in developing regions (Parkin er al, 2006). This
unfavorable trend is due in part to increases in risk factors (decreased childbearing and
breast-feeding, increased exogenous hormone exposure, and detrimental dietary and
lifestyle changes, including obesity and less physical activity). The risk typically increases
for women who migrate from low to high risk countries, further supporting the strong

effect for lifestyle or environmental factors (Ziegler et al, 1993; Deapen et al, 2002).

During the 1990s the increase in the use of hormone replacement therapy (HRT) is
thought to have also contributed to the increase in incidence (Beral er al, 1997). A steep
decrease in incidence since 2002 for women aged 50 or older has been noted in the US
(Ravdin er al,2007) and other countries (Kumle et al, 2008) and linked to the sudden drop
in HRT use following publication of the Women's Health Initiative (WHI) (Rossouw e al,
2002; Chlebowski et al, 2009).0On the other hand, mortality is now decreasing in many
high-risk countries due to a combination of intensified early detection efforts and the
introduction of mammographic screening, resulting in the diagnosis of more small, early
stage tumours, and advances in treatment. In Ireland, the proportion of late stage “distant”
tumours decreased during 2000-2005 compared to 1994-1999, and this was accompanied
by an increase in the proportion ‘in situ’ and earlier stage tumours in breast cancer

reflecting the effects of organised screening (Cancer in Ireland 1994-2005).

1.2.1.2 Breast Cancer, Obesity and Epidemiology Evidence

Most large epidemiological studies have found that overweight or obese women are at
increased risk of developing postmenopausal breast cancer, when compared to normal
weight women, reporting an increased risk of 8-18% with a Skg/m2 increase in BMI. A
pooled analysis of seven prospective cohort studies involving 337.819 women and 4,385
invasive breast cancers showed an 8% increased risk per added Skg/m” in postmenopausal
women (van der Brandt et al, 2000). The WCRF found a similar increase in risk from a
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meta analysis on 17 cohort studies which gave a summary effect estimate of 1.03 (95%
CI's: 1.01-1.04) per 2kg/m’, which produce an increased risk of 8% for each 5 kg/m’
(WCRF/AICR 2007). The WCRF also performed a further meta-analysis on 48 case
control studies and gave a summary effect estimate of 1.05 (95% CI's: 1.05-1.06) per
l\'g/m2 which would produce an increased risk of 13% for each 5 kg/m2 (WCRF/AICR
2007). Another pooled analysis based on 8 case control studies with 642 cases and 1.669
controls, showed a higher increase in risk, estimated at 18% increased risk per Skg/m” for
postmenopausal breast cancer (Key er al, 2003). Three major studies (Feigelson et al,
2004; Lahmann et al, 2003; Morimoto et al, 2002) that reported results stratified for HRT
status all found statistically significant increased risk with increasing body fatness only in
women not taking HRT (WCRF/AICR 2007). In the UK Reeves et al performed a
prospective cohort study of 1.2 million women (50-64 years) during 1996 — 2001 and
followed for cancer incidence for on average, 5.4 years. During this period 5,629 cases of
postmenopausal breast cancer cases were identified and BMI >30 kg/m® was associated
with increased risk [Odds ratio (OR): 1.40 (95% confidence interval (CI): 1.31 - 1.49]
(Reeves et al, 2007).

Adult weight gain is an established risk factor for breast cancer in postmenopausal women
(Carmichael 2006, Huang et al. 1997; Magnusson et al, 1998). Risk appears to increase
with degree of weight gain. Lahmann estimated the pooled relative risk (RR) of
developing breast cancer for a weight gain of 5 kg is 1.08 (95% CI's: 1.04—1.12) and a
weight gain of 15-20 kg is associated with 1.5 times increased risk of developing breast
cancer (95% CI's: 1.06-2.13) as compared with women of stable weight (4+/-2kg)
(Lahmann et al, 2005). Women with weight gain >21 kg have a relative risk of developing
breast cancer of 1.75 (95% CI's: 1.11-2.77) compared with women with more modest

weight gain (5 - 9.9 kg) (Lahmann et al, 2003).

The evidence for anthropometric factors influencing breast cancer risk and mortality is
equally strong. Hip circumference was positively associated with breast cancer risk at 5
years of follow up among non-users of hormone replacement therapy in a study of 73,542
premenopausal and 103,344 postmenopausal (1879 incident invasive breast cancers)
women from nine European countries taking part in the European Prospective
Investigation into Cancer and Nutrition (EPIC) Study (Lahmann er al, 2004). A meta-

analysis of the published literature on Waist Hip Ratio (WHR) and breast cancer risk
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reported that the overall risk for developing breast cancer in women with a high WHR was
1.62 (95% CI's: 1.28-2.04). The summary risks were 1.79 (95% CI’s: 1.22-2.62) for
premenopausal women and 1.50 (95% CI's: 1.10-2.04) for postmenopausal women

respectively (Connolly et al. 2002).

Together with BMI., weight gain and anthropometric measurements, percent body fat is
also positively associated with risk of breast cancer as shown in the Malmo Diet and
Cancer Study (Lahmann er al, 2003). In this prospective cohort study of 12,159
postmenopausal women (246 breast cancer), the percent body fat showed the strongest
association with breast cancer (RR: 2.01; 95% CI's: 1.26-3.21). Authors concluded that
percent body fat is a more discriminating risk factor for breast cancer risk than the
commonly used BMI (Lahmann er al, 2003). There is also evidence to suggest that obesity
can further increase the risk of women developing postmenopausal breast cancer who are

genetically susceptible (Carpenter et al, 2003).

1.2.2  Colorectal Cancer

1.2.2.1 Colorectal Cancer Incidence

Colorectal cancer is the third most common cancer worldwide after lung and breast with
two-thirds of all colorectal cancers occurring in more developed regions. A million new
cases are diagnosed annually, accounting for more than 9% of all new cancer cases, with
0.5 million deaths from the disease in the same time period (Ferlay et al, 2010; Parkin et
al, 2005). In 2006 there were an estimated 307,432 new cases of colorectal cancer in the
European Union (Ferlay et al, 2007). At present in Ireland, colorectal cancer is the second
most common cancer in women and in men after breast and prostrate cancer respectively.
In the UK lifetime risk for men of being diagnosed with colorectal cancer is estimated to

be 1 in 16 for men and for women 1 in 20 (Cancer Researrch UK).

There are striking variations in the risk of different cancers by geographic area. Most of the
international variation is due to exposure to known or suspected risk factors related to
lifestyle or environment. A recent study examined international changes in the incidence
rate of colorectal cancer over the past 20 years. Analysis was performed on 51 cancer
registries from Cancer Incidence in Five Continents (CI5) and the ratio of the incidence
rates in 1998-2002 to that in 1983-87 was calculated. The main finding was that colorectal

cancer incidence rates increased for both males and females in 27 of the 51 cancer



registries analysed, especially in economically transitioning countries like Eastern
European countries, most parts of Asia. and select countries of South America (Center er
al, 2009). These high rates are most likely the result of "Westernization.," where
traditional risk factors such as obesity and physical inactivity increased during this time
(Center er al, 2009, Marchand 1999; Koyama er al. 1997). Modest increases or
stabilisation of incidence rates were reported in economically developed countries like
Western Europe, Australia, Canada and New Zealand. In the US, incidence rates rose until
the mid-1980s, but in the last two decades decreased for both men and women (Altekruse
et al, 2010). Factors that may have contributed to the worldwide variation in colorectal
cancer incidence patterns include differences in the prevalence of risk factors and

screening practices.

1.2.2.2 Colorectal Cancer, Obesity and Epidemiology Evidence

The WCREF reviewed evidence for obesity and cancers of the colon and rectum. Fifty one
out of 60 cohort studies reviewed showed an increased risk with increasing obesity and
over half of these were statistically significant. Five studies showed a lower risk with
increasing obesity, 4 of these non-significant, and a further four found no association. A
clear dose-response relationship with increasing obesity was apparent from cohort data for
colorectal cancer. A meta-analysis of 28 cohort studies gave a summary effect estimate of
1.03 (95% CI's: 1.02-1.04) per kg/mz, this is equivalent to a 15% increased risk for each
Skg/m:. It has been estimated that 455 cases of colon cancer treated in Ireland in 2003
were directly attributable to obesity (National Taskforce on Obesity Report 2005). When
stratified according to cancer site, a larger more consistent increased risk was found for
colon cancer than for rectal cancer (WCRF/AICR 2007). Similar relationships are seen
for increasing BMI and colorectal adenomas, a well-recognised pre-cancerous lesion of
the colon (Giovanucci et al. 1995). Gender differences have been reported, with the
association of obesity and risk of colorectal cancer stronger and more pronounced in men
compared to women. Harriss et al performed a meta analysis of 28 studies including
67,361 incident cases and reported that high BMI was associated with both colon (relative
risk;RR 1.24, 95% CI’s: 1.20-1.28) and rectal (RR 1.09, 95% CI’s: 1.05—1.14) cancers in
men, but only colon cancer (RR 1.09, 95% CI'’s: 1.04-1.12) in women (Harriss et al,
2009). Other meta analyses found broadly similar results (Larssone et al, 2007; Dai et al,
2007; Bergstrom et al, 2001). One hypothesis is that central adiposity, which is strongly

related to metabolic abnormalities occurs more frequently in men, and is a stronger risk
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factor for colorectal cancer than general overweight (Schoen er al. 1999, Frezza et al.

2006 Pischon et al. 2006).

In a large prospective cohort study performed by Reeves et al. 1.2 million women aged
between 50-64 years were followed for 5.4 years and 4,008 cases of colorectal cancer
cases were identified. Individuals with a BMI >30 kg/m” had a modest increase in risk
(RR 1.01 95% CTI's: (0.94 to 1.09) (Reeves et al, 2007). The effect of increasing BMI on
risk appears to be different for premenopausal and postmenopausal women (P value for
heterogeneity=0.03), with a significant increase in risk with increasing BMI among
premenopausal women (RR 1.61, 95% CI’s: 1.05 - 2.48) but not amongst postmenopausal
women (RR 0.99, 95% CI's: 0.88 - 1.12) (Reeves et al, 2007). This apparent interaction
between adiposity and menopausal status may explain, at least in part, the variability in
published results on the relation between BMI and colorectal cancer in women. In
postmenopausal women, the potential adverse effects of obesity may be offset by the
ameliorative effects of increased endogenous oestrogen levels, which have been associated

with a lower risk of colorectal cancer in adults.

Adipose tissue distribution may be another important mediating factor in the association
between BMI and colorectal cancer. In a random-effects meta-analyses involving 70,000
cases of incident colorectal cancer from 31 studies, of which 23 were cohort studies and 8
were case-control studies, the estimated relative risk of colorectal cancer was stronger for
central obesity 1.45 (95% CI's: 1.31-1.61), comparing to a relative risk of 1.19 (95%
CI's: 1.11-1.29), comparing obese (BMI >30 kg/m2) with normal weight (BMI <25
kg/m2) people (Moghaddam et al 2007). There was evidence of a dose-response
relationship between BMI and colorectal cancer: for a 2 kg/m” increase in BMI, the risk of
colorectal cancer increased by 7% (4-10%) For a 2-cm increase in waist circumference,
the risk increased by 4% (2-5%) (Moghaddam et al, 2007). In the Cardiovascular Health
Study cohort with 5849 participants and 102 incident cases of colorectal cancer identified,
a larger waist circumference was statistically significantly associated with colorectal
cancer (RR 1.9; 95% CI's: 1.1-3.3; P=0.02) (Schoen et al. 1999). In the Health
Professionals Follow-up Cohort Study of more than 31,000 men, both waist circumference
and waist-to-hip ratio, demonstrated a strong relationship with the subsequent
development of colorectal cancer, the relative risk in relation to WHR was 3.41 (95% CTI’s:
1.52-7.66) and for waist circumference it was 2.56 (95% CI's: 1.33-4.96) comparing
those in the highest to the lowest quintile (Giovannucci 2001). An elevated waist-to-hip
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ratio was also associated with incident colorectal adenomas of at least 1 ¢cm in size, which
are considered at high risk for subsequent development of colorectal cancer, but not with

small adenomas. which are less likely to progress (Atkin ez al, 1992; Maclnis et al. 2006).

As well as increasing the risk of developing colorectal cancer, obesity also appears to
negatively influence cancer recurrence and survival in patients with established colon
cancer (Meyerhardt er al, 2003, Calle et al, 2003, Dignam et al, 2006). Haydon examined
the effect of body size on survival and found that an increased waist circumference and
greater percentage body fat were associated with increased mortality after diagnosis of
colon cancer. For every 10% increase in body fat a 33% decrease in disease specific
survival was observed, while a 10cm increase in waist circumference resulted in a 20%

reduction in disease specific survival (Haydon et al, 2006).

1.2.3 Oesophageal Cancer

1.2.3.1 Oesophageal Cancer Incidence

Oesophageal cancer is the eighth most common cancer worldwide, responsible for
462,000 new cases in 2002 (4.2% of the total), and represents the sixth most common
cause of cancer death (386,000; 5.7% of the total) (Brown er al, 2008). Although not as
common as other malignancies, the probability that an individual with cancer will die
(case fatality ratio) is much higher at 83% compared to colorectal (52%), and breast
cancer (36%) (Parkin et al, 2005). Worldwide, the incidence of oesophageal
adenocarcinoma is increasing (Bird-Lieberman & Fitzgearld 2009), with increases of
500% reported in some countries over the last three decades (Edelstein er al, 2007). In the
US, from 1975-2001 the incidence of distal and junctional oesophageal adenocarcinoma
rose approximately six-fold (from 4 to 23 cases per million), strongly indicating a true
increase in disease burden, that is not explained by over-diagnosis or reclassification
(Edelstein et al, 2007). Data from the Surveillance, Epidemiology and End Results
program (SEER) program, 1975-2007, confirm this dramatic increase in adenocarcinoma
is predominantly, but not exclusively, in white men and women in all age groups (SEER
Fast Stats), and that this cancer constitutes the fastest rising malignancy in the US (Brown
et al,1995). The risk of developing the disease increases with age with very few cases
diagnosed in people aged less than 40 years. The male/female ratio reported for

adenocarcinomas is generally around 5-10-fold higher in males, which makes it one of the
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highest sex differentials of any non-occupational cancer (Wild er al, 2003).
Adenocarcinoma now accounts for at least half of all oesophageal cancers in the West
(Chow er al, 1998), which has overtaken squamous cell carcinoma previously the
commonest histology. Lifestyle changes may contribute to this change, with increases in
obesity rates. (Engel et al, 2003) decrease in smoking. (Chow ef al. 1998) and increases in

Barrett’s Oesophagus (BO) incidence rates (Brown er al, 1995).

1.2.3.2 Epidemiology: Obesity and Oesophageal Cancer

Epidemiological evidence strongly links obesity with up to 40% of adenocarcinoma cases
(Calle et al, 2003; Brown et al, 1995; Chow et al, 1998; Engel et al, 2003; Lagergren et al,
1999; Vaughan er al, 1995). A recent meta-analysis pooled data from 14 studies (2 cohort
and 12 case control) with 2,488 cases of oesophageal carcinoma and reported a positive
association between increased BMI (overweight and obese) and adenocarcinoma for both
males and females, with the strength of the association increasing with increasing BMI.
The pooled risk for obese males was 2.4 (95% CI's: 1.9-3.2) and 2.1 (95% CI’s: 1.4-3.2)
for females (Kubo & Corley 2006).

Further studies published since the meta-analysis in 2006 confirm obesity’s relationship to
oesophageal adenocarcinoma. Abnet et al prospectively examined the association between
BMI and adenocarcinoma in 480,475 participants in the National Institute for Health
(NIH) American Association for Retired Persons Diet and Health study cohort described
by Schatzkin (Schatzkin et al, 2001). During an 8 year follow up period 371 cases of
adenocarcinoma were identified and those individuals with a BMI in the highest category
(>35 kg/m2) were at increased risk (Abnet er al, 2008). In the United States (US) a nested
case control study with 94 cancer cases in 206,974 participants, found an increased risk
for individuals with a BMI =30, with abdominal obesity an independent risk factor after
adjustment for BMI - individuals with a diameter >25c¢m had an estimated odds ratio (OR
of 4.67 (95%CI: 1.14-20.11), suggesting that abdominal obesity increases the risk of
adenocarcinoma independent of BMI (Corley et al, 2008). In the UK Reeves et al
performed a prospective cohort study of 1.2 million women (50-64 years) during 1996 —
2001 and followed for cancer incidence for on average, 5.4 years. During this period 150
cases of adenocarcinoma were identified and individuals with a BMI =30 were at
increased risk (Reeves et al, 2007). In Ireland, Ryan and colleagues conducted a case-

control study of 508 adenocarcinoma cases and 893 controls. A dose-dependent
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relationship between pre-illness BMI and adenocarcinoma was observed for males (OR
4.3, 95% CTI's: 2.3-7.9) in the highest BMI quartile versus the lowest. For specifically the
lower oesophagus, an OR of 11.3 (95% CI's: 3.5 - 36.4) was observed and for the gastro-
oesophageal junction (GOJ) the OR was 3.4 (95% CI's: 1.4-8.7) (Ryan et al. 20006).
Another Irish case-control study examining BMI and adenocarcinoma risk reported a

similar association with increased BMI (Anderson er al, 2007).

Like breast cancer and colorectal cancer, central obesity may also be a more important risk
factor than BMI alone. In EPIC study, Steffen et al followed 346,544 adults for 8.9 years.
BMI, waist circumference and waist-hip ratio were all positively associated with EA (RR
2.60(95% L 1's: 1.23551. KRR 3.07; 95% CI’s:1.35-6:98; and RR 2.12; 95% C¥'s: (.98~
4.57, respectively) (Steffen et al, 2009). In a prospective cohort study Maclnnis et al
followed 41,295 subjects for 11 years. Detailed body composition information from
bioelectrical impedance analysis was performed at baseline. The odds ratio of
adenocarcinoma of the lower oesophagus for individuals with a BMI > 30 versus <25 was
3.7 (95% CI’s: 1.1-12.4). For every 10cm increase in waist circumference the OR was
1.46 (95% CI's:1.0 =2.04) and for every 10kg increase in fat mass the OR was 1.48 (95%
CI's:0.98-2.23) (Maclnnis et al, 2006). Whiteman et al conducted a population-based
case-control study of 367 cases of adenocarcinoma and 426 cases of GOJ adenocarcinoma
and 1580 controls. Morbidly obese individuals (BMI >40) had a significantly elevated risk
of adenocarcinoma, OR 6.1 (95% CI’s: 2.7-13.6). The authors reported that the risk was
significantly higher for males versus females, and for obese people with reflux (OR 16.5,
95% CI’s: 8.9-30.6) compared to obese people without reflux (OR 2.2, 95% CI’s: 1.1-4.3)

suggesting a synergistic interaction between these factors (Whiteman et al, 2008).

1.3 Mechanism of Obesity’s Altered Cancer Risk

1.3.1 Abdominal Adiposity

Despite epidemiological evidence, the precise biological mechanism by which obesity
increases the risk of cancer remains unknown, there is an intriguing potential link relating
to altered metabolic, endocrine and immuno-inflammatory responses that are common to
obesity and better described in association with type 2 diabetes and cardiovascular disease.
The general consensus is that the influence of obesity on cancer risk and outcomes applies
specifically to upper body obesity (Vona Davis er al, 2007). As reviewed earlier, studies
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using anthropometric measures of adipose distribution (waist circumference, WHR in
addition to BMI found a stronger or independent association to cancer risk with site
specific anthropometry than with BMI alone (Schoen er al, 1999; Giovannucci et al, 1995;
Frezza et al, 2006; Pischon et al, 2006; Steffan et al, 2009; Corley et al, 2008;

Moghaddam et al, 2007; Martinez et al, 1997; Russo et al, 1998).

Figure 1.1: CT scans showing high level of subcutaneous fat (A) and visceral fat (B)

CT scans reveals whether abdominal fat is stored under the skin in a region called
the hypodermis (subcutaneous fat) or has accumulated around the internal organs
(visceral fat). This is important as adipose tissue in different parts of the body have
different biochemical profiles. Excess visceral fat is associated with diabetes,
insulin resistance, inflammatory diseases and other obesity related diseases, while
subcutaneous fat is not related to many of the classic obesity-related pathologies.
Gender differences in body fat distribution are influenced by sex hormones, with
the typical female (or gynecoid) pattern of body fat distribution around the hips,
thighs, and buttocks mostly subcutaneous fat and male abdominal obesity is more
visceral fat, and therefore poses different health risks.



Adipose tissue has long been considered to be metabolically inactive and primarily
responsible for energy storage. However, recent scientific advances have dramatically
altered our understanding of this tissue’s function. Abdominal adiposity consists of
different stores which differ in their metabolic activity and contribute in varying degrees
to the hormonal milieu (Vona Davis et al, 2007).Visceral Adipose Tissue (VAT) (Figure
1.1), is the most metabolically active. Waist circumference alone is a better indicator of
VAT than WHR (Carr et al, 2004; Raikkonen et al, 1999) but the gold standard for
measurement of visceral fat is Computerised Tomography (CT). As reviewed earlier,
studies using measurements of percent body fat, and CT measured visceral fat area found
a stronger or independent association to cancer risk compared with BMI alone
(Giovanucci et al. 1995; Lahmann et al, 2003; Haydon et al. 2006; Maclnnis et al, 2006).
CT assessments show individuals with excess VAT are characterised by the most
substantial adverse alterations in metabolic risk profile (Fox et al 2007).VAT secretes a
variety of biologically active substances (Figure 1.2) important in the pathogenesis of
insulin resistance, dyslipidemia, glucose intolerance, hypertension, features of the
metabolic syndrome (Cowey & Hardy 2006; Maclnnis ez al, 2006; Bray 1998; Fontana &
Klein 2007; Giovannucci et al, 1995; Rexrode er al, 1998; Misra & Vicram 2003).

The specific molecular mechanisms underlying the relationship between obesity and
cancer remain to be elucidated but the aetiology is likely to be multifactorial involving
many factors like chronic inflammation, hyperinsulinaemia. and altered hormone levels.
The presence of metabolic syndrome represents the co-existance of many of these altered
factors in individuals and may be linked to cancer incidence or progression. Before
reviewing the current evidence to support this link, we must first consider the different
defnintions that have been used to define the presence of the metabolic syndrome and their

effect on the reported prevelance.



Figure 1.2 Adipose Tissue as an Endocrine Organ
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Adipose tissue is metabolically active and is one of the body's most important endocrine
organs. Adipose tissue expresses and secretes a variety of bioactive peptides known as
adipokines. Among the wide variety of adipokines, adipocytes synthesize and secrete
proteins such as classical cytokines - tumour necrosis factor-o. (TNF-a) and interleukin-6
(IL-6), growth factors (transforming growth factor-ff). Adipocytes also secrete proteins
that participate in lipid transport lipoprotein lipase, cholesterol ester transfer protein
(CETP), retinol-binding protein (RBP) - vascular haemostasis (plasminogen activator
inhibitor-1 (PAI-1), regulation of blood pressure (angiotensinogen) angiogenesis (VEGF),
and glucose homeostasis (adiponectin, resistin).



1.3.2  Metabolic Syndrome

1.3.2.1 Definition of Metabolic Syndrome

This combination of metabolic disturbances now known as the metabolic syndrome was
first described by Kylin in the 1920s as the clustering of hypertension, hyperglycaemia,
and gout and formally labelled in 1988 by Gerald Reaven (Reaven 1988). Over the last 50
years the metabolic syndrome has had many names (e.g. “Syndrome X, “The deadly
quartet”, and “The insulin resistance syndrome™ (Deedwania 1998) and different
definitions used to determine the presence of the metabolic syndrome. General features of
metabolic syndrome include: central adiposity or obesity. insulin resistance or impaired
glucose tolerance, dyslipidaemia (increased Triacylglycerol TAG, and reduced high
density lipoprotein HDL cholesterol), hypertension, and a pro-inflammatory and pro-
thrombotic state. Table 1.1 highlights the differences and similarities between the most
widely used definitions. The main differences include different essential criteria and
different cut offs for abnormal features, also a different emphasis on adiposity and insulin
resistance and priority of assignment. The International Diabetes Federation (IDF)
definition takes into account lower cut offs for waist circumference with an ethnic specific
adjustment, and lower cut offs for glucose intolerance in line with the American Diabetes
Association (ADA); (Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus 1997). In 2009 several global organisations including the International Diabetes
Federation (IDF), American Heart Association, and International Association for the
Study of Obesity and the National Heart, Lung and Blood Institute published a consensus
definition requiring 3 of 5 risk factors to diagnose the metabolic syndrome. These include
elevated waist circumference, reduced HDL and elevated triglycerides, blood pressure, or
blood glucose, or drug treatment for any of these (Alberti er al, 2009) (Table 1.1). The
definition has come under some criticism, it has been questioned whether the IDF set their
cut offs too low and if it labels low risk individuals in already economically challenged

health systems (Zimmet & Alberti, 2005).

1.3.2.2 Prevalence of Metabolic Syndrome

The prevalence of metabolic syndrome varies according to the definition (Table 1.1) used
and also on the characteristics of the population being studied. In the National Health and
Nutrition Examination Survey (NHANES) 1999-2000 27% of participants had the

metabolic syndrome assessed by the National Cholesterol Education Program Adult
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Treatment Panel (NCEP ATP) III definition (Ford er al, 2004), which represents an
increase from 24% in the NHANES III (Ford er al, 2002). The prevalence in European
studies ranges from 7% to 36% in men and 5% to 22% in women using the WHO
definition (Balkau er al, 2002). The Diabetes Epidemiology Collaborative Analysis of
diagnostic Citeria in Europe (DECODE) study determined the presence of metabolic
syndrome using a modification of the WHO definition for 11 European cohorts and
showed that 15.7% of non diabetic men and 14.2% of non diabetic women had the
metabolic syndrome (Hu et al. 2004). In Europe, the age- and sex-adjusted prevalence of
metabolic syndrome was 24.6% using the 2005 ATP definition and 30.9% using the
International Diabetes Federation definition, according to the Madrid Risego
Cardiovascular Study (MADRIC) study performed on 1344 participants (Martinez et al,
2008).

Prevalence in Ireland in largely unknown, although small population studies have
estimated a prevalence of 21% using the WHO definition and 20.7% using the NCEP ATP
II definition in 1,018 middle aged Irish men and women (Villeagas et al, 2004). A more
recent study on 1,716 participants found metabolic syndrome in 13.2% using ATP III
definition and 21.4% using IDF definition (Waterhouse et al, 2009). These studies include
populations from small areas with different socioeconomic statuses and are perhaps not
representative of the national prevalence, but again highlight some of the difficulties in

estimating prevalence.

The prevalence of metabolic syndrome increases with age, rising steeply after the third
decade and reaching a peak in men aged 50-70 years and in women aged 60- 80 yrs, age
also increases the risk of cancer which may have some impact on prevalence of metabolic
syndrome in cancer population (Park er al, 2003). Education and socioeconomic status
also impact on prevalence similar to incidence of obesity (Yuseuf et al, 2004, Churilla er
al, 2007). The prevalence of the metabolic syndrome also increases with obesity as
assessed by BMI or waist circumference (Park et al, 2003, Janssen et al, 2004), but not all

obese persons have features of the metabolic syndrome.



Table 1.1 Definitions of Metabolic Syndrome

R Alberti 1998 Balkau 2002 | NCEP 2001 Alberti Alberti 2009

eference
2006
Criteria Impaired glucose Insulin 3 or more of: | WC and 3 or more of:
regulation or resistance two or more
hyperinsulinaemia | and risk factors
and more than two | two of:
factors
Abdominal Obesity | Waist : hip ratio Men: WC | Men: Men: WC* | Increased
>0-85 >94 cm | WC>102cm >94cm WC*
or BMI 230 kg/m2 | Women: WC | Women Women:
>80 cm WC>88cm WC*>80cm
Impaired glucose Fasting plasma Fasting 6:1-7-0 Fasting Fasting plasma
Tolerance (IGT) >6-1mmol/l or plasma >6-1 mmol/] plasma >5-6 | =5-6 mmol/I
2h postglucose mmol/l mmol/l or or
load >7-8 mmol/Il T2DM T2DM
Hyperinsulinaemia Fasting serum Fasting Not Not Not
insulin serum insulin | included included included
>1/3rd quartile for | >1/3rd
control group quartile for
non-diabetic
control
group
HDL cholesterol Not included HDL <1-0 | Men: <1-03 Men: <1-03 | Men: <1-03
mmol/l mmol/] mmol/I mmol/l
and/or Women: <1-3 | Women: Women:<1-3
treatment for | mmol/l <I-3 mmol/l | mmol/l
dyslipidaemia
Triglycerides (TAG) | =1-7 mmol/l >2:0 mmol/l | 1.7 mmol/l >1-7 mmol/l | =1-7 mmol/I
and/or
treatment for
dyslipidaemia
Hypertension >140/90 mmHg >140/=90 >130/=80 >130/>85 >130/>85
mmHg or mmHg mmHg or mmHg or
treatment for treatment Treatment for
HTN for HTN HTN
Microalbuminuria Albumin/creatinine | Not Not Not Not
ratio >30 mg/g included included included included

* WHO: World Health Organisation; EGIR: European Group for the study of Insulin Resisitance;

NCEPATPIII:

Adult

Treatment

Panel 111,

IDF:

International Diabetes

Federation;

WC: Waist

circumference; T2DM: Type 2 Diabetes Mellitus;, HDL: High Density Lipoprotein cholesterol; TAG:
Triglycerides; HTN: Hypertension

The different definitions used to diagnose metabolic syndrome are presented above along
with the cut-offs used for each individual feature. The main differences include different
essential criteria and different cut-offs for abnormal features, also a different emphasis on
adiposity and insulin resistance and priority of assignment.




1.3.3 Metabolic syndrome and cancer

The pathogenesis of metabolic syndrome is complex and so far incompletely understood.
Until now the most recognised effect of metabolic syndrome was its association with the
increased risk of developing cardiovascular disease and type 2 diabetes (Ford. 2005).
Individuals with metabolic syndrome are twice as likely to die from, and have a three fold
higher risk of developing, heart attack or stroke compared with people without the

syndrome. with a 5 fold higher risk of developing type 2 diabetes (Isomaa et al, 2001).

The metabolic syndrome has more recently been proposed as a high risk state for cancer
(Cowey & Hardy 2006). Individual components of metabolic syndrome have been linked
to several processes including insulin resistance, aromatase activity, adipokine production,
angiogenesis, elevated C - reactive protein (CRP), glucose utilisation, and oxidative
stress/DNA damage. which together can increase cancer risk beyond that of individual
components alone. Recent epidemiological evidence has emerged indicating that
clustering of components of metabolic syndrome increase the risk of many common
cancers for example breast (Vona Davis et al, 2007; Rose et al, 2007), endometrial
(Bjorge et al, 2010) colorectal (Giovanucci er al, 2007), and prostate cancer
(BeebeDimmer er al, 2009, Hsing et al, 2007). To date no studies have been published
linking metabolic syndrome to oesophageal adenocarcinoma, but an intriguing link
between metabolic syndrome and its precursor lesion Barrett’s oesophagus has recently
been published which we will review in more depth later. Although the link between
metabolic syndrome and colorectal and breast cancer is not as well studied as BMI or
obesity, we will review all the available evidence for each cancer separately, before
examining more closely the individual features of the metabolic syndrome and its

potential to influence the cancer process.

1.3.3.1 Metabolic Syndrome & Colorectal Cancer

Despite the use of different definitions of the metabolic syndrome most studies that
examined the presence of metabolic syndrome have shown an increased risk of colorectal
cancer incidence or increased cancer mortality (Table 1.2). Subjects with metabolic
syndrome (HTN, elevated cholesterol, diabetes) in the US National Health Interview
Survey 2002-2003 (n=58,000) were almost twice as likely to have colorectal cancer
(Garrow et al, 2008). After controlling for age, race, gender, obesity, smoking and alcohol

use, individuals with metabolic syndrome had a 75% increased risk for colon or rectal
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cancer (Garrow et al, 2008). Stocks et al evaluated the presence of metabolic syndrome
components as well as other markers of obesity (C-peptide, HbA ¢, leptin, adiponectin,
BMI. hypertension and fasting glucose) in 306 individuals with known colorectal cancer.
The presence of hypertension, obesity and hyperglycaemia. correlated with a RR for three

vs null factors of 2.57 (95% CI: 1.20-5.52, P<0.001) (Stocks et al, 2008).

Other studies provide information concerning the association of colorectal cancer
incidence and mortality with the increasing number of metabolic syndrome components,
suggesting an additive effect of the individual components. In an analysis of 14,109
participants from the ARIC study (Atherosclerosis Risk in Communities), baseline
metabolic syndrome (> 3 components vs 0 components) had a positive association with
age and gender adjusted colorectal cancer incidence (RR: 1.49, 95% CI's: 1.0-2.4). There
was a dose-response association between colorectal cancer incidence and the number of
metabolic syndrome components present at baseline (P for trend =0.006) after multivariate
adjustment (Ahmed er al, 2006). In an analysis of 20,433 men and 15,149 women,
metabolic syndrome was defined as having at least 3 of the following components
(glucose levels, systolic blood pressure, body mass index, or resting heart rate) in the
highest quartile. They reported an increased risk of colorectal cancer associated with high
blood pressure and hyperglycaemia and confirmed that the clustering of metabolic
syndrome components significantly increased the risk of associated colorectal cancer
(Colangelo er al, 2002). Trevisan et al, pooled data from nine epidemiological studies
(n=21,311 men and 15,991 women) and used low HDL and high triglyceride levels,
hypertension and high glucose levels as individual components of the metabolic
syndrome. The presence of the cluster of metabolic abnormalities was associated with a 3
fold increased risk of colorectal cancer mortality (OR 2.99 CI: 1.27-7.01). When
analyzing the individual components, only glucose levels were associated with an
increased risk of death from colorectal cancer (OR: 1.8, CI: 1.05-3.09). The results of this
study suggest that the effects of the individual components of metabolic syndrome are
additive, because the RR of death from colorectal cancer was increased in cluster analysis

compared with glucose alone (Trevisan et al, 2001).



Garrow et al,
2008

United States

1200 MetS
(350 CRC)

3 common chronic medical
conditions: hypertension, diabetes

and elevated cholesterol

Table 1.2: Summary of studies on Metabolic Syndrome and Colorectal Cancer

MetS resulted in a 75% increased

risk for colon or rectal cancer

MetS associated with increased

risk of CRC

Stocks et al,
2008

United States

306 CRC and 595

matched controls

Modified WHO definition
BMI >30 kg/m2; BP > 140 or

>90mmHg. or anti HTN drugs: Gluc

>6.1 mmol/L or post-load gluc >8.9
mmol/l

MetS >3 vs 0 factors

Gluc: 1.7 (1.1 -2.6)
BMI: 1.8 (1.1 - 2.8)
HTN: 1.3 (0.9 - 1.9) NS
MetS: 2.6 (1.2-5.5)

Components of the MetS increase
the risk of CRC, and clustering

further increases the risk of CRC

Strumer et al
2006,

United States

22,071 healthy

male physicians

Self Reported BMI >27 kg: BP
>130/85mmHg or Anti HTN drugs:
Diabetes;

Cholesterol >6.2 mmol/l or lipid-
lowering drugs

MetS >3 vs O factors

MetS: 1.4 (0.9 -2.1)

Each abnormality 1.2 (1.1 - 1.3)
BMI >27 kg/m2: 1.4 (1.1 - 1.7)

Diabetes: 1.5 (1.1 - 2.0)

BP: 1:1(0:9:-°1.3)

High Cholesterol: 0.9 (0.7 - 1.1)

Model assessing clustering
metabolic abnormalities

was more predictive for colorectal
cancer

than a model based on the number

of abnormalities

Bowers et al,
2006
Finland

28,983 Finnish

male smokers

BMI >25 kgm; BP > 140 or
90mmHg: HDL cholesterol <1.55
mmol/l

MetS: 3 vs O factors

CRC 140, (1.12,1.74)
Colon only 1.58 (1.18- 2.10)
Rectal only 1.20 (0.9-1.7) NS

MetS is associated with increased
CRC but primarily associated with
colon cancer in males but not rectal

cancer

BP: blood pressure; CRC: colorectal cancer; F: female; Gluc: glucose; HDL: high density lipoprotein; HTN: Hvypertension; IRS: Insulin Resistance

Syndrome; M: male; MetS: metabolic syndrome; MF: male and female; NS: non siificant; OR: odds ratio; TAG: triglycerides; WC: wuaist circumference.

This table presents a summary of the different studies assessing the metabolic syndrome and colorectal caner mortality. It

describes how metabolic syndrome was defined in each study, significant results and the significance of these findings.
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Ahmed et al,
2006
United States

14,109 men and
women
194 incident

cases CRC

WC: M>102cm F> 88cm

BP >130/85mmHg

Gluc> 5.5 mmol/l or diabetes
TAG >1.7 mmol/I

HDL M < 0.9; F<1.15 mmol/l

MetS: >3 vs 0 factors

M: 1.8(1.0-3.6)
F: 1.2/(0.6 -2.2) NS
MF: 1.4 (09-22

Metabolic syndrome was a risk
factor for incident CRC in men

but not women.

Colangelo et al,
2002
United States

20,433 men and
15,149 women 217
CRC deaths

Highest quartile of the sex-specific
distribution for Gluc, SBP.BMI or
resting heart rate

MetS: >3 vs 0 factors

Gluc

F:1.94 (1.04-3.60)

M: 1.48 (0.93-2.35) NS
MF: 1.64 ( 1.13-2.37)
IRS

M :1.67 (1.04-2.70)

F: 1.29 (0.70 -2.37)
MF: 1.50 (1.03-2.19)

Adjusted for categories of age,
race, education, and each of the
other factors listed. Plasma glluc
and MetS are associated with
CRC mortality, providing
evidence for the insulin

hypothesis

Trevisan et al,
2001
Italy

21,311 men and
15.991 women
54 cases of CRC
Mortality

Higest quartile TAG, GLUC,
Lowest quartile of HDL
BP >140 or >90 mmHg

Gluc

M: 1.83 (1.0-3.4): F: 1.73 (0.6 -
5.2); MF: 1.8 (1.1 -3.1)

IRS: M: 3.0 (1.1 - 8.3): F: 2.7 (0.6 -
12.5); MF: 3.0 (1.3-7)

NS: TAG.HDL, BP

Glucose was the only significant
individual feature and Met S
clusrtering associated with

increased risk CRC mortality

BP: blood pressure; CRC: colorectal cancer; F: female; Gluc: glucose; HDL: high density lipoprotein; IRS: Insulin Resistance Syndrome; M: male; MetS:
metabolic syndrome; MF: male and female; NS: non siificant; OR: odds ratio; TAG: triglvcerides; WC: waist circumference.

This table presents a summary of the different studies assessing the metabolic syndrome and colorectal caner mortality. It
describes how metabolic syndrome was defined in each study, significant results and the significance of these findings.
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Table 1.3: Summary of studies on Metabolic Syndrome and Breast Cancer

Agnoli et al,
2010
Italy

163 breast
Cancer pts

652 Controls

Highest teritles of WC >86 cm;
TAG >1.43 mmol/l; HDL <1.42
mmol/l; Gluc >4.9 mmol/l (or
diabetes); and BP >106.5 mmHg
or Anti HTN drugs and NCEP
ATP III MetS: >3 vs 0 factors

MetS (Tertiles): 1.6 (1.1 - 2.3)
MetS (NCEP): 2.6 (1.5 - 4.6)

MetS is a risk factor for breast
cancer in postmenopausal
women. HDL & TAG had the
strongest association with breast
cancer, but all components may
contribute to increased risk by

multiple interacting mechanisms

Kabut et al,
2009

United States

4,888 women with
postmenopausal

breast cancer

NCEP ATP III

defined as having 3+ features

MetS: 1.1 (0.8 - 1.6) NS
Time-dependent analysis (MetS
3-5yr pre-diagnosis)

Gluc: 1.6 (0.9 - 2.9)

TAG: 1.8 (1.0 - 3.0)

MetS not association with
increased risk but presence of
MetS prior to diagnosis indicated
an increased risk, highlighting
importance of longitudinal

studies

Pasanisi et al,
2006
Italy

110
postmenopausal
breast cancer

patients

WC >88 cm; GLUC> 6.1 mmol/l;
TAG >1.7 mmol/l;

HDL <1.29 mmol/l; SBP>130
mmHg; DBP>85 mmHg
Testosterone > 0.4ng/l

MetS: >3 vs 0 factors

MetS:3.0(1.2-1.7)
MetS + testosterone: 6.7 (2.3 -
19.8)

MetS is an important prognostic
factor for breast cancer
recurrences, especially if
associated with high serum levels

of testosterone

BP: blood pressure; CRC: colorectal cancer; F: female; GLUC: glucose; HDL: high density lipoprotein; IRS: insulin resistance syndrome; M: male; MetS:

metabolic syndrome; MF: male and female; NS: non siificant; OR: odds ratio; TAG: triglycerides; WC: waist circumference;

This table presents a summary of the different studies assessing the metabolic syndrome and breast cancer. It describes definition metabolic syndrome used in each
study, significant results and the significance of these findings.
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1.3.3.2 Metabolic Syndrome & Breast Cancer

The metabolic syndrome has recently been suggested to play a role in breast
carcinogenesis (Xue & Michels 2007; Goodwin et al, 2009; Vona Davis et al, 2007).
Several studies have associated the individual components of metabolic syndrome (high
serum glucose and triglycerides, low HDL-cholesterol, high blood pressure, and
abdominal obesity) with breast cancer risk, but very few prospective studies have
investigated risk in relation to the presence of explicitly defined metabolic syndrome. One
nested case control study on postmenopausal women (n= 3,966), found 163 women
developed invasive breast cancer and metabolic syndrome (as defined by the highest or
lowest tertiles (HDL) of individual features of metabolic syndrome among controls) was
present in 29.8%. Metabolic syndrome (i.e. presence of three or more metabolic syndrome
components) was significantly associated with breast cancer risk (OR: 1.58; 95% CI’s:
1.07-2.33), with a significant increase in risk with increasing number of components.
Among the individual metabolic syndrome components, only low serum HDL-cholesterol
and high triglycerides were significantly associated with increased risk (Agnoli er al,

2010).

In a second longitudinal study on 4,888 postmenopausal women, 165 incident cases of
breast cancer occurred over an 8 year period (Kabat er al, 2009). The presence of the
metabolic syndrome at baseline was not associated with altered risk. Of the individual
components measured at baseline, diastolic blood pressure was positively associated with
breast cancer. In a time-dependent covariate analyses, the presence of the syndrome 3-5
years prior to diagnosis, indicated a positive association between the metabolic syndrome
and breast cancer, due primarily to positive associations with serum glucose, serum

triglycerides, and diastolic blood pressure (Kabat et al, 2009).

Sinagra et al. have reported a small case—control study from Italy which showed a higher
prevalence of three components of the metabolic syndrome, type 2 diabetes, dyslipidemia
and hypertension, in the 50 patients with malignant tumours compared with women with
benign breast pathology or women with no breast pathology (Sinagra et al, 2002). Also,
Pasanisi et al. found that the risk of breast cancer recurrence was increased in
postmenopausal women (n=100) with metabolic syndrome (OR: 3.0 CI 1.2-7.1) (Pasanisi
et al, 2006). These results suggest that metabolic syndrome may be an important

prognostic factor for breast cancer.




Pathophysiological mechanisms wherby metabolic syndrome may promote the
development of cancer

There are many potential pathophysiological mechanisms whereby components of
the metabolic syndrome may promote the development of cancer, like alterations in
endogenours hormone metabolism including insulin, bio available sex steroids, Insulin
Like Growth Factor alpha (IGFa) and Insulin Like Growth Factor Binding Proteins
(IGFBPs) (Figure 1.3). A metabolic consequence of obesity and specifically the
acculmulation of intra abdominal fat is the development of insulin resistance, which leads
to chronic hyperinsulinaemia. Epidemiological evidence to support this hypothesis comes
from human observational studies where increased concentrations of fasting glucose, C
peptide (a marker of insulin production), circulating insulin and insulin growth factor |
(IGF-1) and Type 2 diabetes have been positively associated with increased cancer risk
(Ma et al, 2004, Wei et al, 2005A, Larrsson et al, 2005, Schoen et al, 1999). Furthermore,
insulin resistance is an adverse prognostic factor for breast cancer (Goodwin et al, 2002)

and colorectal (Colangelo er al, 2002) cancer related mortality.
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Figure 1.3: Hyperinsulinaemia and Tumourigensis

Cell survival

Cell
Proliferation

This Figure represents how insulin levels may promote cancer development. Firslty hyperinsulinaemia leads to increased IGF-1 levels and
increased availability of IGF-1 to bind to receptors on normal and cancer cells. This receptor bound IGF-1 can modulate cell
proliferation and survival. Secondly, insulin reduces IGFBP’s which act as tumour suppressors by inhibiting cell growth by sequestering
free IGF-1’s and inhibiting the IGF-1 receptor. Thirdly both Insulin and IGF increase VEGF which is a critical angiogenic factor that

influences endothelial cell survival and migration. Lastly insulin can reduce SHBG concentration which leads to increased availability of

sex hormones like oestrogen. Legend: IGF: Insulin Like Growth Factor; IGFBP: Insulin Like Growth Factor Binding Proteins; SHBG:
Sex hormone binding globulin; VEGF: Vascular endothelial growth factor; p21 RAS: Ras GTPase activating protein; MAPK: Mitogen-
activated protein kinases; P13K: Phosphoinositide 3-kinase AKT serine/threonine protein kinase




1.3.4 Insulin resistance

Although insulin is widely known for it metabolic effects, it also has important mitogenic
effects which maybe relevant in cancer. Figure 1.3 is a diagrammatic representation of
how increased adiposity and increased insulin levels may promote cancer development, as
well as leading to increased IGF levels and availability of sex hormones by reducing
concentrations of sex-hormone-binding globulin (SHBG). The function of insulin is
mediated through activation of the insulin receptor (IR). IR overexpression is a common
phenomemon in human cancer (Frasca et al, 1999; Frittitta et al, 1999; Vella et al. 2001).
Studies performed using specific ELISAs have indicated that approximately 80% of breast
cancers showed an insulin receptor content higher than the mean value found in normal
breast and approximately 20% of cancers showed IR values over 10 fold higher than mean
value in normal breast (Papa er al, 1990). The IR may be expressed in two different
isoforms A and B. In malignant cells. the A isoform (IR-A) expression is predominant
(Frasca et al, 1999; Kalli et al, 2002) and its activation ellicts more mitogenic than
metabolic effects (Frasca et al. 1999). Insulin binding to the overexpressed IR-A may
favour cancer development and progression: through modification of growth and
differentiation of tumours that would otherwise have likely remained irrelevent for an
undetermined length of time. Insulin receptor content has been directly related to tumour
size, grade (Papa et al, 1990). and multivariate analysis confirmed that IR content was the
strongest independent predictive factor for disease free survival in breast cancer (Mathieu

etal, 1997).

1.3.4.1 IGF and IGFBP

In recent years it has become evident that the IGF system plays a role in cancer
development and progression (Khandwala et al, 2000; Yu & Rohan, 2000; Valentinis &
Baserga 2001; LeRoith & Roberts, 2003; Pollak et al, 2004). IGFs also play an important
role in mediating cell growth, differentiation, and transformation (Xue et al, 2007). The
IGF system is a complex molecular network which includes two ligands (IGF-I and IGF-
I1), two receptors (IGF-IR and IGF-IIR), six high affinity binding proteins (IGFBP-1 to -
6). and several binding protein proteases. Levels of IGF are influenced by circulating
insulin levels which alter the level of IGFBP I and II increasing the bioavailability of IGF
(Figure 1.3) (Jones & Clemmons 1995). IGFBP are inversely associated with body fat and
insulin (Lukanova er al/, 2002). Similar to insulin, IGF-I initiates its biological effects by

binding to the cell surface receptor IGF-1R, which shares structural and functional
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homology with IR (Siddle et al, 2001). At high concentrations IGF-1 and insulin can cross
react with each others receptors (Jamali er al, 2001; Johansson et al, 2006). IGF-1
activation induces a variety of biological actions that may favour tumour growth including
mitogenic, anti-apototic, pro-angiogenic. induction of tumour-related lymphangiogenesis
and motogenic (cell movement) effects (Samani et al, 2007). In terms of increased tumour
invasion, biochemical and functional analyses show that activation of the IGF-IR triggers
a loss of epithelial coherence and promotes cell migration which is very relevant for
tumour metastases. Researchers from the University of British Columbia’s Child and
Family Research Institute examined tissue arrays representing 438 cases of invasive breast
cancer linked poorer survival in breast cancer to phosphorylation of the IGF-1 and/or

insulin receptors (Saxena et al, 2008).

1.3.4.2 Hyperglycaemia

Another consequence of insulin resistance is reduced glucose uptake and storage, both of
which lead to an elevated blood glucose concentration or hyperglycaemia. Neoplastic cells
use glucose for proliferation (Warburg et al, 1956), therefore higher circulating glucose
concentration may encourage the development of cancer by providing a favourable
environment for the growth of malignant cells (Xue et al, 2007). Fasting glucose has been
associated with increased risk of breast cancer in 3 out of 5 studies reviewed by Xue er al
with statistically significant effects in two of the studies, although cut-offs for
hyperglycaemia were not consistent (Xue et al, 2007). Likewise fasting glucose has been

associated with increased risk of colorectal cancer (Scheon er al, 1999).

1.3.4.3 Diabetes and Cancer Risk

The diabetic population represents an ideal patient group to examine the risk of cancer,
due to the simultaneous presence of hyperglycaemia and hyperinsulinaemia that can
promote cancer initiation or progression alone or in combination. Diabetes is a chronic
disease, with Type 2 diabetes being the most widely studied, all with differing durations of
disease, varying level of metabolic control and obesity, different drug treatments and of
course possible complications associated with the disease. However, an increased
frequency of malignancy has been reported in diabetic patients and has been ascribed to a

wide variety of general and local mechanisms.

The risk is increased in both colorectal adenomas and carcinomas in most but not all
studies (Elwing 2006, Limburg 2006). The risk is increased in both women and men in
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colon and rectal cancer (Larsson et al, 2005). In addition to hyperinsulinaemia,
hypothesized mechanisms of type 2 diabetes risk include slower bowel transit time and the
elevated faecal bile acid concentration often observed in diabetes. A further dimension is
that, at least in the case of colorectal cancer (Renehan & Shalet, 2005), there is one study
in which the use of therapeutic insulin increased the cancer association with type 2

diabetes (Yang et al, 2004).

The risk of breast cancer is also increased in diabetic women, independent of obesity.
Several biological mechanisms may be involved. but the effect of insulin on sex hormones
abnormalities may be particular relevant to hormone dependent breast cancer. Insulin is an
important regulator of Sex Hormone Binding Globulin (SHBG) in the liver. In the
hyperinsulinaemic state SHBG 1s suppressed which increases the levels of bioactive
oestrogens (Kaaks et al, 2005). IGF-1 stimultes androgen synthesis in the ovarian stroma
and testosterone may competitively displace oestrogens from SHBG (Xue et al. 2007).
Furthermore crosstalk between the IGF-1 signalling system and oestrogen activation has
been reported, resulting in a synergistic effct of IGF-1 and oestrogen on the cell cycle

signalling cascade and proliferation (Hamelers er al, 2003).

Four studies have examined diabetes and oesophageal adenocarcinoma, all report a
significant increased risk but the magnitude of risk varied widely, due to a different
incidence of diabetes in the controls compared to the general population in three of the
studies (Cheng et al, 2000; Reavis et al, 2004; Rubenstein et al, 2005 Neale et al, 2009).
However one study reported an attenuated increased risk after adjusting for BMI (OR 1.59
reduced to OR 1.32), indicating an effect of diabetes not just due to obesity and its related
risk factors like gastro oesophageal reflux disease (GORD) (Neale et al, 2009). Also the
association was greater for long-standing diabetes than for more recent diagnoses (Neale

et al, 2009).

1.3.5 Inflammation

Excess adipose tissue has been associated with a chronic state of low grade inflammation
(Das 2001; Wajchenberg 2000), which is recognised by elevated CRP levels, commonly
present in otherwise healthy centrally-obese people (Visser et al, 1999). The level of
adipocytokine production from adipose tissue is strongly influenced by immune cell

populations present in adipose tissue, the number of which correlate with adiposity
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(Donohue er al, 2010). The immune cells contributing to chronic inflammation (e.g.
macrophages, neutrophils and eosinophils) are involved by producing inflammatory
cytokines that may influence the carcinogenesis process (Seruga et al, 2008). For example
elevated CRP concentrations can be ascribed to the increased expression of interleukin-6
(IL-6) in adipose tissue (Crichton et al. 1996) and its release into the circulation (Fried er
al, 1998). 1L-6 is a proinflammatory cytokine that stimulates the production of CRP in the
liver (Banks et al, 1995). Higher adipose tissue content of IL-6 has been associated with

higher serum CRP levels in obese subjects (Bastard er al, 1999).

CRP has been recently highlighted as an important prognostic marker in a wide variety of
cancers including cancers of the breast (O’Hanlon et al, 2002), and colon (Cahlin et al,
2008). This may be explained by chronic inflammation promoting carcinogenesis by
inducing gene mutations, inhibiting apoptosis, or stimulating angiogenesis and cell
proliferation (Kundu et al, 2008). Inflammation also induces epigenetic alterations that are
associated with cancer development. Two key genes in the inflammatory process,
cyclooxygenase-2 (COX-2) and nuclear factor kappaB (NF-kB), may provide a
mechanistic link between inflammation and cancer and are potential targets for
chemoprevention (Kraus & Arber 2009). NF-kB represents a family of closely related
transcription factors and regulates the expression of genes, many of which play important
roles in the regulation of inflammation and apoptosis. Its activation has been associated
with promoting tumour growth (Karin 2008). COX-2 is key enzyme involved in
eicosanoid biosynthesis, with many human cancers exhibiting an elevated prostaglandin
(PG) levels owing to upregulation of COX-2 which is overexpressed in a variety of
tmours. PGE(2) promotes cellular proliferation and angiogenesis, inhibits apoptosis,

enhances invasiveness, and modulates immunosuppression (Arber 2008).

1.3.6 Adipokines

Obesity is, by definition an excess of body fat. Adipose tissue previously thought of as a
simple storage sites for triglycerides, is now recognised as a complex endocrine organ that
can directly influence tumour growth. Adipocyte conditioned media up-regulate genes
involved in invasion, proliferation, angiogenesis and metastasis while simultaneously
down regulating tumour suppressors in cancer cells (Iyengar et al, 2003). Breast cancer
cells treated with adipocyte conditioned media found that adipocyte secreted factors

stimulated breast cancer cell (MCF-7) migration and proliferation in vitro when compared
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to controls. In vivo, tumours grew to three times the size of controls when co-injected with
adipocytes (Iyengar er al, 2003). The aggressive growth in tumours is thought to be
mediated by production of hormones. cytokines and other proteins with signalling
properties collectively termed ‘adipokines™ that can act by endocrine, paracrine and

autocrine mechanisms (Figure 1.4) (Tilg et al, 2006).

Figure 1.4: Autocrine, Paracrine and Endocrine Mechanisms of influencing target

cells
autocrine secretion paracrine secretion endocrine secretion
chemical chemical chemical target cells in
messenger messenger messenger  capillary  remote tissue
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I\ endothelial
cells

receptors basement membrane

Adipocytes produce adipokines that can influence tumour growth by its autocrine,
paracrine or endocrinesignalling properties. Autocrine signalling is a form of signalling
in which a cell secretes a hormone or chemical messenger that binds to autocrine
receptors on the same cell, leading to changes in the cell. Paracrine signalling is a form
of cell signalling in which the target cell is near ("para” = near) the signal-releasing cell.
Endocrine signalling is when the endocrine organ (gland) secretes a type of hormone
directly into the bloodstream where it travels to a target tissue and generates a response.



Two of these adipokines ‘leptin and adiponectin’ are of particular interest in relation to

obesity. insulin resistance and the metabolic syndrome, and as participants in the

biological mechanisms of carcinogenesis, and the development of invasive and metastatic

disease. The metabolic effects and biological activities of leptin and adiponectin at the

cellular level are largely in opposition to each other (Table 1.4). Leptin enhances the risk

of cancer and its subsequent progression while adiponectin levels demonstrate an inverse

association with cancer risk (Vona Davis & Rose 2007).

Table 1.4: Comparison of leptin and adiponectin pathophysiological relationships

and effects on cancer biology (Reproduced from: Vona Davis & Rose 2007)

Obesity

Increased

Decreased

Insulin activity

Reduced insulin sensitivity

Reduced insulin resistance

Type 2 diabetes

Increases risk

Reduces risk

Metabolic syndrome Hyperleptinaemia Hypoadiponectinaemia
Tumour Cell growth Mitogenic Anti-mitogenic
Tumpour Apoptosis Reduced Enhanced

Tumour Angiogenesis Stimulated Inhibited

Inflammatory effect

Pro-inflammatory

Anti-inflammatory

This table details the different metabolic effects and biological activities of leptin and
adiponectin which are largely in opposition to each other. Leptin enhances the risk of
cancer while adiponectin levels are inversely associated with cancer risk.
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1.3.7 Leptin

Leptin is secreted by adipocytes in proportion to adipocyte tissue mass (Considine et al,
1996). Leptin acts to regulate food intake and increase thermogenesis to promote the use
of stored energy (fat). The importance of leptin in regulation of body weight is
demonstrated by the observation that a lack of functional leptin, while very rare, results in
extreme obesity in humans (Montague er al, 1997). Obese patients become resistant to the
effects of leptin and consequently become hyperleptinaemic (Cowey & Hardy 2007), with
circulating leptin levels ranging from 5 to 10 ng mL"'in normal healthy individuals and up
to 40-100 ng mL™" in obesity (Considine er al, 1996). High levels of leptin have been
associated with glucose intolerance, degree of insulin resistance, type 2 diabetes and
increasing number of features of the metabolic syndrome (Fischer et al. 2002; Wauters et
al, 2003; Franks et al, 2005). Also leptin or leptin receptor overexpression can be induced
by high levels of insulin, oestrogen or IGF-I, the factors that are increased in obese
individuals (Lorincz & Sukumar 2006). Therefore leptin could be a mediator of the

increased risk of cancer with obesity and metabolic syndrome.

1.3.7.1 Leptin In vitro Studies

At a cellular level, leptin has been found to act as a mitogen, metabolic regulator, with anti
apoptotic and pro-angiogenic factors. In vitro studies have shown that leptin can promote
cancer cell proliferation in oesophageal adenocarcinoma (OE-33, OE-19) and colonic
(HT-29, LoVo) cancer cell lines (Beales & Ogunwobi 2007; Ogunwobi 2006; Hardwick et
al, 2001; Hoda et al, 2007; Somasunder er al, 2003). Data on leptin-induced cell
proliferation in breast cancer cell lines remains controversial. Some studies fail to
demonstrate any effect on cell proliferation in response to leptin treatment (Somasunder et
al, 2003), while others demonstrate that leptin has a direct effect on the growth stimulation
of breast cancer cell lines (MCF-7, T47-D) (Dieudonne et al, 2002; Laud et al, 2002;
Okumura et al, 2002; Hu et al, 2002; Somasunder et al, 2003). Different concentrations of
leptin, measurement of cell proliferation, and expression levels of leptin receptor isoforms

may contribute to different findings.

1.3.7.2 Serum leptin and cancer risk human studies
Increased plasma leptin levels are associated with colon and breast cancer risk. Serum

leptin levels have been shown to be significantly elevated in breast cancer patients
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compared to benign breast disease (Han er al, 2005) or compared to controls (Tessitore et
al, 2000, Han et al, 2005, Chen et al, 2006A), although results are not consistent with no
association reported in other studies (Ozet er al, 2001, Stattin er al. 2004, Sauter et al.
2004, Woo et al, 2006). Variation in findings may be due to the individual limitations of
the studies, mostly with small sizes sample, different timing of screening with respect to
fasting, inclusion of pre and post menopausal women which may introduce the additional
effect of sex hormones or interact with leptin. In colorectal cancer. two case control
studies showed an increased risk of colon cancer in men and women (OR = 2.72) with no
association between serum leptin in rectal cancer (Stattin et al, 2003; Tamakoshi et al,
2005). No studies have examined the association between serum leptin and oesophageal
adenocarcinoma risk in vivo to date. In BO, Kendall ez al. describes a threefold increased
risk of BO among men in the highest quartile of serum leptin (OR: 3.3), while one study

found no association (Kendall er al, 2008).

However, although circulating leptin may exert significant biological effects, the
measurement of serum levels alone is one dimensional and the effect of leptin produced
locally by adipose cells and infiltrating macrophages, in close proximity to the
proliferating tumour cells, may effect cancer progression for example by stimulating

angiogenesis (Vona Davis & Rose 2007).

1.3.7.3 Expression of leptin receptor

Leptin exerts its effect through binding to the leptin receptor (Ob-R), six isoforms have
been identified (ObRa—ObR(), although studies suggest that only ObRb, which has a long
intracellular domain, has full signalling potential (Fong er al, 1998). Receptor binding
induces activation of different signalling pathways including JAK/STAT (janus kinase
signal transducer and activator of transcription), MAPK (mitogen-activated protein kinase,
IRS1 and SOC3 (a suppressor of cytokine signaling). Ultimately, Ob-R induction can
activate several genes involved in cell proliferation and up-regulate the expression of
angiogenic factors, including vascular endothelial growth factor (VEGF) (Sweeney 2002).
In breast cancer, significantly higher leptin and leptin receptors expression was found in
breast cancer cells compared to benign breast lesions or normal adjacent tissue (Xiang-hou
et al, 2009), so carcinogenesis could be induced by an overabundance of locally produced
leptin. In fact one study reported leptin overexpression in 92% of breast cancers examined

and overexpression was significantly associated with increased incidence of distant
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metastasis (Ishikawa er al, 2004). Leptin overexpression was significantly associated with
tumour size and lymph node involvement and pathological stage (Xiang-hou et al. 2009).
One study assessed the effect of leptin and simultaneous treatment with estrogen and IGF-
I on cell proliferation. It showed that treatment with leptin alone had anti-proliferative
effects, which has been shown in other studies but leptin combined with oestrogen or IGF-

I had stimulatory effects on tumour cell growth (Lautenback et al, 2009).

In colon cancer, a progressive increase in leptin expression through the progression from
normal colon (4.5% positive), to adenoma (29.5%) to carcinoma (73.5%) has been
reported (Paik er al, 2009; Koda et al, 2007), suggesting that leptin may have a role in
driving this malignant transformation. Leptin receptor (ObR) is associated with earlier-
stage tumours, better pathological differentiation and improved patient survival in colon
cancer (Uddin et al, 2009 Aloulou er al, 2008). While data on leptin in oesophageal
carcinoma is limited, a small study (n = 4), reported a trend towards increased ObR
expression in Barrett’s epithelium the precursor to oesophageal carcinoma (Francois et al,

2008).

Clearly with the significant in vitro data, leptin appears to favour cancer cell growth
locally, and facilitate the invasive potential of cancer cells. More prospective well
designed studies are required to assess the clinical significance of elevated levels of leptin
in relation to the link between obesity and cancer including crosstalk between leptin and

altered metabolic profiles common in obese and metabolic syndrome patients.

1.3.8 Adiponectin

Adiponectin is the most abundant adipocytokine and is synthesized and secreted almost
exclusively by adipocytes. Plasma adiponectin levels are inversely associated with various
components of the metabolic syndrome including waist circumference, WHR, VAT, BMI
(Cnop et al, 2003; Park et al, 2004; Steffes et al, 2004), and degree of insulin resistance
(Haluzik er al, 2004), with plasma levels decreasing as the number of metabolic syndrome
components increases (Ryo er al, 2004; Patel et al, 2006; Mojiminiyi et al, 2007;
Santaniemi et al, 2006). The degree of reduction in adiponectin is thought to be more
closely related to the severity of insulin resistance and hyperinsulinaemia than to the
degree of adiposity (Weyer et al, 2001; Kern et al, 2003) A large prospective study
(n=10.275) found a 40% lower risk of type 2 diabetes comparing highest to lowest

quartiles of plasma adiponectin levels (Duncan er al, 2004). After adjustment for BMI,
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serum concentrations are higher in women than in men; they are also are higher in post-

menopausal compared with pre-menopausal women (Cnop er al, 2003).

Adiponectin can affect many mechanisms relevant to tumour biology; it has an insulin
sensitising effect (Yamauchi er al, 2003), anti-proliferative, pro-apoptotic (Renehan et al,
2008A), and anti-angiogenic effects (Brakenhielm er al, 2004) as well as anti-
inflammatory effects (Wang et al, 2007). The exact mechanism of tumour inhibition with
adiponectin treatment is not clear but probably involves inactivation of MAP kinase 1 and
3, and extracellular signal-regulated kinase (ERK 1 and 2) and concomitant reduced
glucose uptake (Dieudonne et al., 2006). Stimulation of apoptosis appears to occur
through upregulation of proapoptotic genes (p53 and Bax) and downregulation of
antiapoptotic genes (Bcl-2) (Dieudonne er al, 2006), while anti-angiogenic actions may
occur through the induction of apoptosis in vascular endothelial cells and inhibition of cell

migration (Brakenhielm et al, 2004).

Adiponectin can act by binding directly to its receptors or indirectly through insulin
related mechanisms (Renehan er al, 2008A). Its action is more complex than leptin, as
there are three major forms of adiponectin: low molecular weight, predominantly found in
the circulation, a middle molecular, and a high molecular weight adiponectin making up
the majority of intracellular adiponectin (Tilg & Kaser 2009). There are two receptors for
adiponectin; AdipoR1 expressed abundantly in muscle and AdipoR2 which is almost
selectively expressed in liver (Kelesidis er al, 2006). Thus, the biological effects of
adiponectin not only depend on relative circulating concentrations but also its form and
the tissue-specific expression of its receptor subtypes. The expression of both AdipoR1
and AdipoR2 have been reported in human breast cancer (Pfeiler er al,2010) and
colorectal cancer cells (Byeon et al, 2010; Williams et al, 2008; Yoneda et al, 2008). In
vitro studies have shown that adiponectin may control cell numbers, by inhibition of cell
proliferation and enhanced apoptotic activity in breast and colorectal cancer cells (Kang et
al, 2005; Dieudonne et al, 2006; Korner et al, 2005; Sugiyama et al, 2009). Adiponectin
has similar growth suppressing activity on vascular endothelial cells together, which
together with inhibition of cell migration results in inhibition of angiogenesis in in vivo
models (Brakenhielm er al, 2004). Adipokine receptor expression was inversely associated
with T-stage progression (characterized by number I — I'V), tumour stage, high histological
grade and well differentiation of colorectal cancer cells all indicative of how much the
cancer has spread or a more advanced tumour (Byeon et al, 2010; Baressi et al, 2009;
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Gonullu er al, 2010). Abundant expression of adiponectin receptors in colorectal cancer
tissue may facilitate the anticarcinogenic effect of adiponectin; by contrast. low expression
levels of adiponectin receptors may promote progression of colorectal cancer by

protecting against the effects of adiponectin.

1.3.8.1 Serum levels adiponectin and cancer risk

In contrast to leptin, the epidemiological studies show more consistent (inverse)
associations between circulating concentrations and the presence of cancer. In breast
cancer, epidemiological studies found a positive association with low adiponectin levels
and increased risk of breast cancer, stronger relationship reported in postmenopausal
women with no influence of oestrogen receptor (ER) status (Tworoger et al, 2007; Chen et
al, 2006B ; Miyoshi er al. 2003; Mantzoros et al, 2004). Adiponectin was associated with
prognosis in breast cancers, low levels associated with larger tumours of high histological
grade consistent with an aggressive phenotype (Miyoshi et al, 2003) while Chen et al
reported no association with pathological features (Chen er al, 2006B). In colorectal
cancer, nested data from the Health Professionals Follow-up Study demonstrated that men
with low plasma adiponectin levels had a higher risk of colorectal cancer than men with
higher levels (Wei er al, 2005B), but this was not replicated in a Swedish study (Lukanova
et al,2006). Activation of AdipoR1 by adiponectin is able to inhibit leptin-stimulated cell
proliferation of oesophageal carcinoma cells (Ogunwobi ef al, 2008), inhibit apoptosis of a

Barrett’s adenocarcinoma cell line (Konturek er al, 2008).

1.3.9 Altered sex hormones in obesity and Cancers

1.3.9.1 Oestrogen and Breast Cancer

Breast cancer is a hormone dependent cancer and one of the most commonly sited
mechanisms in the association of obesity with breast cancer is the increased synthesis and
bioavailability of oestrogen associated with obesity (Thomas er al, 1997). Studies confirm
that increased oestrogen levels are linearly related to increasing obesity in postmenopausal
women (Key et al, 2003, McTiernan et al, 2006; Lukanova et al, 2004; Madigan et al,
1998; Boyapati et al, 2004). After the menopause, when the ovarian production of
oestrogens has ceased, the circulating oestrogens are synthesized in the stromal cells of the
adipose tissue by enzymatic aromatization of the steroid androstenedione to yield
oestrone, and subsequent conversion to the more potent oestradiol at various sites (Rose
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1993; Bulun et al, 1994). This mechanism of oestrogen production can lead to local
oestrogen levels in breast tumours that are as much as 10-fold higher compared with the
circulation (van Landeghem et al, 1985). although this is something that cannot routinely
be measured. In addition, tumour necrosis factor alpha (TNF-a) and IL-6 are both secreted
by adipocytes and can increase production of aromatase, which is directly related to
increased synthesis of oestrogen (Purohit er al, 2002). Therfore in postmenopausal obese
women both the production of androstenedione and its conversion to oestrone are

increased, and there is an elevation in oestrogen concentrations.

Most studies show positive associations between sex hormones and postmenopausal breast
cancer risk. One meta-analysis of six prospective studies indicated that women that
developed postmenopausal breast cancer had a significant approximate 15% increase of
oestrogens compared with those that did not develop the disease (Thomas er al, 1997). In a
second pooled analysis of nine studies, postmenopausal women whose serum oestrogens
and androgens were in the highest quintile were approximately twice as likely to develop
breast cancer compared with those in the lowest quintile (Key er al, 2002). The same
author examined the relationship of body mass index (BMI) with serum sex hormone in
respect to breast cancer risk. It reported that adjusting for free oestradiol resulted in the
greatest reduction in RR for breast cancer associated with a 5 kg/m” increase in BMI from
1.19 (95% CI's: 1.05 to 1.34) to 1.02 (95% CI’s: 0.89 to 1.17), and concluded that the
increase in breast cancer risk with increasing BMI among postmenopausal women is
largely the result of the associated increase in oestrogens, particularly bioavailable
oestradiol (Key er al, 2003). In the EPIC study postmenopausal women who developed
breast cancer had significantly higher total and free oestradiol levels than did controls in
blood samples collected 3 years before diagnosis (Kaaks et al, 2005). Further analysis by
quintiles also showed increased risk of cancer in relationship to increasing serum
oestradiol levels (Kaaks et al, 2005). Results from the Nurses Health Study indicated that
postmenopausal breast cancer risk was increased in women with higher oestrogen levels,
particularly with respect to tumours that were classified as both ER and progesterone

receptor (PR) positive (Missmer et al, 2004).

1.3.9.2 Altered Androgen and SHBG

Obesity is associated with alterations in androgen secretion, transport, metabolism, and

action, but behaves differently depending on sex (Pasquali et al, 2006). Obese women,
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particularly those with the abdominal phenotype, tend to develop a condition of functional
hyperandrogenism. Serum testosterone levels have been found associated with breast
cancer risk in many case-control and cohort studies (Secreto & Zumoff 1994). In the EPIC
study the relative risk of breast cancer among postmenopausal women between the top and
bottom quintiles of androgens were almost double (OR 1.69 (1.23-2.33), androstenedione
1.94 (1.40-2.69), testosterone 1.85 (1.33-2.57) and free testosterone 2.50 (1.76-3.55)
(Kaaks et al, 2005). Adjusting for androgens levels had a neglible effect on increased risk
of breast cancer with increasing BMI (Key et al, 2003). These results suggest that the
contribution of androgens to breast cancer risk is largely through their role as substrates

for oestrogen production.

Body fat distribution has been demonstrated to substantially affect SHBG concentrations
in obese women. SHBG binds testosterone and oestrogens so changes in SHBG
concentrations lead to an alteration of androgen and oestrogen delivery to target tissues
(Pasquali er al, 2006). In fact, female subjects with central obesity usually have lower
SHBG concentrations in comparison with their age- and weight matched counterparts with
peripheral obesity (Tchernof & Despres 2000; Pasquali er al, 1990). This seems to be
partly dependent on higher circulating insulin in abdominally obese women and on the
inhibiting capacity of insulin on SHBG liver synthesis (Pasquali ef al, 2006). SHBG levels
were inversely related to risk of breast cancer when comparing upper to lower quintiles of
SHBG production (Kaaks et al, 2005). Adjustment for SHBG reduced the RR associated
with increasing BMI and postmenopausal breast cancer but by much less than adjustment
for the oestrogens (Key er al, 2003). Therefore, heavier postmenopausal women’s
increased risk of breast cancer may be related to their having higher oestrogen and

possibly testosterone levels and lower SHBG levels compared with leaner women.

1.3.9.3 Tumour Receptor Status in Breast Cancer

Expression of ER, PR, human epidermal growth factor receptor 2 (HER2) alone or
together has implications for anti-oestrogen therapy and breast cancer outcomes (Conzen
2008). The lowa Women’s Health Study has shown that postmenopausal obesity was
associated with increased risk of hormone receptor - positive breast cancer, whether
defined by ER, PR, or joint ER/PR status (Althuis er al, 2004). A consistent association
between obesity or adult weight gain has primarily being associated with ER-positive

tumours (Rose 2004) thus supporting the connection of obesity with elevated oestrogens
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promoting tumour development. Overall, ER positivity in breast cancers is related to a
good prognosis (Mauri et al, 1999), but obesity may negate this biological advantage. A
large epidemiological study in Norway found that women with ER positive tumours who
were obese prior to their breast cancer diagnosis were significantly more likely to die than

lean women with ER-positive breast cancer (Maehle & Tretli 1996).

Further support for the role of oestrogen is the use of pharmacological suppression of
oestrogen activity in breast cancer treatment. More recent clinical trials have demonstrated
the efficacy of the same approach for breast cancer prevention (Miller 2004; Serrano et al,
2004). Weight loss through either caloric restriction or gastric bypass surgery has been
shown to lead to a reduction in circulating oestrogens, although the relationship of the
amount of weight lost to reductions in serum oestrogens was not always proportional

(Berrino et al, 2001; Christou et al, 2008; Bastounis et al, 1998).

The mechanisms through which oestrogen stimulates cell proliferation are believed to be
through the activation of ER transcriptional activity and possibly through the direct
activation of intracellular signaling pathways such as the MAPK pathway (Lorincz &
Sukamar 2006). Another carcinogenic effect of oestrogen includes direct genotoxic effects
by increasing mutation rates through a cytochrome P450-mediated metabolic activation

and induction of aneuploidy (Kulendran ez al, 2009).

1.3.9.4 Exogenous Hormones and Breast Cancer

HRT is associated with an increase in breast cancer risk. A meta-analysis of >150,000
women, confirmed that women who had received HRT for >5 years had a relative risk of
1.35 for the development of breast cancer, accruing a 2.3% increase in breast cancer risk
for each year of HRT use (Collaborative Group on Hormonal Factors in Breast Cancer
1997; Ewertz et al, 2005). The increased risk appeared to be confined to the time during
which HRT was used. In the United States, results from the Womens Health Initiative
(WHI) randomised trial of oestrogen plus progestin versus placebo demonstrated an
increased risk (RR: 1.26) of developing breast cancer 5 years after initiating HRT
(Women’s Health Initiative 2002). As discussed earlier, reduced incidence of breast

cancer has been observed in some countries where HRT use has declined.
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[ronically, HRT use has been associated with favourable histology (smaller, lower grade.
node negative) and had higher overall survival and disease free survival compared to
nonusers regardless of the tumour’s ER status (Sener et al. 2009; Kumar er al, 2007;
Reeves er al, 2007). Although a clear pathophysiological mechanism cannot be explained,
it maybe that HRT users are being followed-up more closely, with more regular
mammograms, have an increased awareness of the risk associated with HRT and maybe

more vigilant regarding physical examinations.

1.3.9.5 Exogenous Hormones and Oesophageal Cancer

The use of exogenous sex hormones appears to have a different effect of the risks of
oesophageal and gastric cancer which was studied in a nested-case control study on 299
women with oesophageal cancer, 313 with gastric cancer, and 3191 randomly selected
control women, frequency matched by age and calendar year in the General Practitioners
Research Database in the United Kingdom (Lindblad et al, 2006). This study concluded
that HRT leads to a 50% reduction in womens risk of gastric adenocarcinoma but there
was no relationship between HRT and oesophageal adenocarcinoma. However, the lack of
such an association does not exclude more complex cellular and molecular interactions

that are not detectable in this sort of clinical study.

1.3.9.6 Exogenous Hormones and CRC Cancer

Similar to gastric carcinoma, the use of exogenous sex hormones might be protective for
the development of colon cancer; most studies have found a decreased risk of colon or
colorectal cancer in relation to ever versus never use of menopausal hormones (Johnson et
al. 2009). Troisi et al. reported a suggestive, although not statistically significant, inverse
association between use of any menopausal hormone therapy and colorectal cancer risk in
the Breast Cancer Detection Demonstration Project (BCDDP) (Troisi et al, 1997). Results
from three meta-analyses suggest a decreased risk of 11% to 20% of colorectal cancer
with ever use compared to never use of menopausal hormones, with a stronger association
for current use and long duration use (Grodstein et al, 1999; Hebert Croteau 1998; Nanda

et al, 1999).

More recently the different hormone therapy regimens have been examined in relation to

risk of colorectal cancer. Randomised clinical trial data from the WHI indicated a
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decreased risk of colorectal cancer among estrogen plus progestin users, and no difference
in the rates of colorectal cancer among oestrogen alone users (Chelbowski et al, 2004;
Anderson et al, 2004). In contrast a follow up study on the BCDDP, found a statistically
significant 17% decreased risk of colorectal cancer among ever users of unopposed
oestrogen compared with never users, with the largest risk reduction among current users
and among users of >10 years duration (Johnson er al. 2009). Perhaps a major difference
between WHI and BCDDP that could help explain this discrepancy is the shorter follow
up period in the WHI (5.6 yrs compared to 15 yrs) and the relatively short duration of
hormone therapy in WHI, making it impossible to observe the effects of long-term use of
hormone therapy. Similarly a non-significant 22% reduction in colorectal cancer risk
among users of oestrogen plus progestin, with sequential regimen users having a larger

reduction in risk at 36% compared with continuous users at 25% (Johnson et al, 2009).

Several biological mechanisms, via secondary bile acids, insulin-like growth factors, and
oestrogen and progesterone receptors, have been postulated for the protective effect of
menopausal hormone therapy on risk of colorectal cancer. A comprehensive overview of
the biological aspects of hormones on colorectal cancer was recently published by
Newcomb and colleagues (Newcomb et al, 2008). In brief, the original biological
mechanism was proposed in 1980 when McMichael and Potter suggested that increased
concentrations of bile acids within the colon may enhance colon carcinogenesis and that
exogenous oestrogens and progestins may reduce bile acid production (McMichael &
Potter 1980). More recently, epidemiologic research, although inconsistent, suggests a
relation between serum IGF-1 and IGFBP-3 levels and colorectal cancer risk. Studies
suggest that use of menopausal hormone therapy decreases both IGF-1 and IGFBP-3
levels (Heald et al, 2000; Morimoto et al, 2005). In addition oestrogen receptors,
including ER a and ER B, and progesterone receptors have been identified in colon
epithelial cells (Hendrickse er al, 1993; Thomas et al, 1993). Research indicates that
decreasing levels of ER B coincide with the loss of differentiation of malignant colon cells,
supporting a protective mechanism of ER B (Bardin er al, 2004, Konstantinopoulos et al,

2003).

1.3.9.7 Oesophageal cancer and oestrogen
As discussed, adenocarcinoma of the oesophagus is predominantly a male disease with a

male to female ratio of 6-8:1 (Vizcaino et al, 2002). BO, identified as a potential risk

42



factor for adenocarcinoma also occurs predominantly in males with a male: female ratio
ranging from 2:1 to 4:1 (Sarr et al, 1985; Winters et al. 1987). Lofdhal er al have
suggested that the sex difference in oesophageal adenocarcinoma does not seem to be
explained by differences in risk factor profile of known aetiological agents such as reflux,
obesity Helicobacter Pylori (H. Pylori) and tobacco consumption (Lofdahl et al, 2008),
with a possible protective role of hormones. Lagerghren postulated that either higher
oestrogen and/or progesterone levels, lower testosterone or a combination of these may be
the reason why women are apparently protected from developing oesophageal cancer
(Lagerghren er al, 1998). In vivo and in vitro studies suggests that oestrogen may have an
inhibitory effect on carcinogenesis in oesophageal cancer, however most studies focused
on effects on squamous cell carcinomas and not adenocarcinoma (Chandanos & Lagergren
2009). Some research suggests that ERs might mediate the protective effect on oestrogen
in the development of oesophageal cancer. Although the presence of ERs has been shown
in oesophageal adenocarcinoma cell lines and in Barrett’s oesophagus (Tiffin er al, 2003;
Liu et al, 2004; Kalayarasan et al, 2008), data is not consistent with one study reporting
oetrogen receptor B status is a potentially useful marker of worsening disease progression

(Kalayarasan et al, 2008).

A dose-dependent decreased risk of oesophageal adenocarcinoma among those who
breastfed compared to those who did not was observed implying a protective role of
oestrogen (OR 0.41, 95% CI's: 0.20-0.82), but data was inconsistent for effect of parity. If
the hypothesis of oestrogen protection is true, exposure oestrogen and anti-oestrogen
therapy might instead effect the risk. One study on the oral contraceptive pill and HRT use
reported a decrease in risk while another large study showed no decreased risk (reference).
The use of anti oestrogen therapy (Tamoxifen) has been assessed in a large population-
based cohort study of 138,885 women with breast cancer, a statistically non-significant
60% increased risk of oesophageal adenocarcinoma was found among women who were
exposed to tamoxifen compared to unexposed women (OR 1.60, 95% CI's: 0.83-3.08)
(Chandanos et al, 2006), with no association with squamous cell carcinoma (SCC).
However five other studies with relatively small sample sizes (n<4000) showed exposure
to tamoxifen did not have any increased risk of oesophageal cancer (Andersson et al,

1991; Fisher et al, 1994; Rutqvist et al, 1995; Curtis et al, 1996; Matsuyama et al, 2000).

From the available data, the importance of examining sex steroid hormone levels, their
interaction with their receptors, the effect of gender and menopausal state (pre- and post
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menopausal) in the different cancer sites may help further elucidate the role of these

hormones.

1.4  Obesity and Oesophaeal Cancer - A Unique mechsnism

When considering the impact of obesity and cancer risk, we must also recognise a unique
mechanism in oesophageal cancer, wherby increasing obesity may play a mechanical role
through increased GORD; secondly pathways through BO may be important, and finally
the metabolic alternations involving pro-inflammatory and pro-tumourigenic pathways in

obesity, in particular male obesity, may play a key role.

1.4.1 Obesity and GORD

Many studies report a positive association between obesity and GORD (Wilson et al,
1999; Jacobson et al, 2006; Locke et al, 1999; Murray et al, 2003; Nilsson et al, 2003;
Ruhl et al, 1999), which remains significant even after adjustment and controlling for the
presence of hiatus hernia, smoking, race, gender, family history of GORD, and dietary fat
intake (Hampel et al, 2005; Jacobson et al, 2006; Wilson et al, 1999). A recent meta-
analysis of obesity and GORD showed that six of nine studies found significant positive
associations between BMI and GORD symptoms (Hampel ez al, 2005). There was a trend
towards a dose-response relationship, with an increase in the pooled adjusted OR for
GORD symptoms of 1.43 (95% CI's: 1.158-1.774) for BMI between 25-30, and 1.94
(95% CI’s: 1.468-2.566) for BMI >30. Six of seven studies found significant associations
with erosive oesophagitis (a condition in which areas of the oesophageal lining are
inflamed and ulcerated). The pooled adjusted OR for erosive oesophagitis for BMI >25
was 1.76 (95% CI's: 1.16-2.68; p<0.001). Lagergren and colleagues reported that
adenocarcinoma risk was multiplicative with increasing BMI and reflux severity. Among
obese people (BMI >30) with reflux symptoms, the OR was 8.8 (95% CI's: 3.2 — 24.2)
compared with lean people (BMI <22) without reflux (Lagergren er al, 1999).

1.4.2 GORD and Barrett’s Oesopagus

The strongest risk factor for adenocarcinoma is BO (Lagergren 2005). Its pathological

phenotype is specialised intestinal metaplasia (SIM), the only known precursor lesion for
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adenocarcinoma. It is now well established that BO is a complication of severe and long-
standing GORD (Winters er al. 1987). Subsequent studies confirmed the development of
BO following induction of gastro-oesophageal reflux in an animal model (Bremener er al.
1970). Pathophysiological studies have shown that patients with Barrett's show a higher
proportion of lower oesophageal sphincter failure. and peristaltic dysfunction than patients
with erosive oesophagitis and over 90% have an associated hiatal hernia (Stein et al.
1992). However not all GORD patients (approx 20%) develop BO and it’s important to

look at factors that may influence the development of BO in GORD populations.

It is not known whether adenocarcinoma can develop without passing through the
Barrett’s stage. The rate at which BO progresses through increasingly severe dysplasia to
adenocarcinoma is 30 — 125 times the rate of adenocarcinoma development in the general
population (Reed 1988, Van der Veen et al, 1989; Drewitz et al, 1997, Cameron &
Lamboy 1992; Nilsson er al, 2003). The low rate of progression presents a significant
problem in selecting which patients to include in surveillance programs, and also suggests
that other factors may have played a role above increasing reflux in the increasing
incidence of distal adenocarcinoma reported over the last 30 years (Sikkema et al, 2009).
Recently the relationship between obesity, metabolic syndrome and BO has been

examined to identigy if they have a role in progression of BO to adenocarcinoma.

1.4.3 Obesity and Barrett’s

Research on the association between obesity (as well as body fat distribution) and the
presence and length of BO has emerged over the past 5-10 years and points to its role as a
strong modifiable risk factor as evidenced by a positive correlation in 7 of 9 recent studies
(Edelstein 2007; Veugelers et al, 2006; Anderson et al, 2007; El-Serag et al, 2005; Corley
et al, 2007A; Smith et al, 2005; Stein et al, 2005; Vaughan er al, 2002). In a retrospective
cross-sectional study of 65 cases of BO cases and 385 controls, obesity was shown to be
associated with a 2.5 fold increase in the risk of BO — for each ten pound increase in
weight, or five-point increase in BMI, there was a 10% and 35% increase in the risk of
BO, respectively (Stein et al, 2005). In a population-based study of 167 cases of BO and
261 matched controls Smith et al reported that obese people with self-reported symptoms
of acid reflux had markedly higher risks of BO (OR 34.4, 95%CI: 6.3-188) than people
with reflux alone (OR 9.3, 95%CI: 1.4-62.2) or obesity alone (OR 0.7 95%CI: 0.2-2.4)
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(Smith er al. 2005). This finding suggests that obesity plays a further role in the

development of BO, over and above its role in promoting acid reflux.

1.4.4 Metabolic syndrome and Barrets Oesophagus

No studies have examined metabolic syndrome in oesophageal cancer, but we may gain
some insights from the association of metabolic syndrome and BO, the strongest risk
factor and only known pre cursor lesion for oesophageal adenocarcinoma. One report in
the literature, describes metabolic syndrome and the association with BO (Ryan et al,
2008). Nearly half (46%) of Barrett’s patients screened (n=102) had MetS and 78% were
centrally obese. The presence of the metabolic syndrome was associated with elevated
CRP, leptin, and a trend towards decreased adiponectin levels. Central obesity, integral to
the metabolic syndrome may be more important than BMI, in the diagnosis and length of
BO. El-Serag found that VAT was an even stronger independent risk factor for BO
compared to BMI (EI Serag et al, 2005). The length of Barrett's oesophagus increases the
risk for both high-grade dysplasia and oesophageal adenocarcinoma (Hirota et al, 1999,
Avidan et al, 2002). Long segment compared to short segment Barrett’s oesophagus was
significantly associated with metabolic syndrome (60% V’s 24%) and central obesity
(92% V 62%), hyperinsulinaemia and increased levels of IL-6. This data suggests that
metabolic syndrome and the associated immune-inflammatory state may potentially fuel
increased progression of BO, manifested here through length of Barrett’s but not dysplasia

but this hypothesis requires further study.

1.5 Bariatric surgery, weight loss

The world cancer research fund states that modifiable environmental factors are most
important for cancer prevention including obesity. It recommends achieving a normal
weight range for the prevention of cancer (WCRF/AICR 2007). Cancer incidence is
clearly increased in obese individuals (Renehan et al, 2008B) but there is limited research
on the effect of voluntary weight loss on cancer incidence, mainly because of the difficulty

of achieving long term weight loss and maintenance.
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Indirect evidence from cohort studies suggests that intentional weight loss is associated
with reduced cancer risk. The lowa womens health study on 21,707 postmenopausal
women found intentional weight loss (>20lbs or 9 kg) was associated with an 11%
reduction in all cancer incidence and 14% reduction in obesity related cancer (19% for
breast cancer and 9% for colorectal cancer) (Parker er al, 2003). To examine the
relationship between weight loss and cancer risk, the bariatric surgery patients represent
an ideal group. that have demonstrated sustained long term weight loss as well as
improvements in other co-morbidities like diabetes and hyperlipidaemia (Sjostrom et al,

2004; Buchwald er al, 2004).

The Swedish Obesity Subjects was the first prospective intervention trial, measuring
anthropometry, biochemical and cardiovascular indicies in both the surgery group
(n=2,010) and matched untreated severely obese controls (n=2,037) (Sjostrom et al, 2007).
It found a 31% decreased overall mortality in the bariatric surgery group (p=0.0102) with
cancer the commonest non-cardiac cause of mortality. Adams reports similar reductions of
40% in all cause mortality comparing 9,949 patients who had undergone gastric bypass
surgery and 9628 severely obese persons in a retrospective cohort study, with a 60%

reduction in cancer-specific mortality (Adams et al, 2007).

Recently cancer incidence was examined in an attempt to better understand why mortality
was significantly reduced. Sjorstrom found bariatric surgery was associated with reduced
cancer incidence in obese women but not in obese men (Sjorstrom et al, 2009). Adams
found a similar reduction in the incidence of cancer in women only, and a decreased
incidence of cancer diagnosed at regional or distant stages, with the apparent protective
effect of surgery on risk of developing cancer was limited to cancers likely known to be
obesity related (Adams er al, 2009). Both of these studies strengthen the case for causality
between adiposity and cancer and emphasis the importance of studying the effect of
gender. The observation of reduced incidence in women only may simply be due to the
small sample size of men (15%) or a more noticeably effect on female hormone sensitive
malignancies like breast cancer in the follow-up period, compared to other obesity related
cancers such as colon, and oesophageal cancer more common in men as suggested by
(Renehan et al, 2009). Reduced cancer risk may be attributed to the physiological and
biochemical changes directly related to the change in the anatomy of the GI tract which
may affect intestinal function. The intestinal microbiota have been proposed as a potential
overlooked environmental factor that increase energy yield from diet, regulate peripheral
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metabolism, increase body weight and cause obesity, with interesting results in animal

studies but not in humans (Vrieze ef al, 2010).

1.6  Obesity as a risk factor for postoperative complications

Surgery is the most effective treatment in eliminating most types of cancer before it
metastasis to lymph nodes or distant sites. As obesity is associated with increased risk of
cancer, it is inevitable that an increasing percentage of surgical oncology patients will be
obese. Obesity has long been considered a risk factor for adverse post-surgical outcomes
(Flancbaum & Choban 1998). A combination of factors, including the association of
obesity with existing co-morbidities and medical complications, the complexity and
duration of anesthesia and surgery, as well as metabolic disturbances like insulin
resistance, hormonal and adipokine alterations, and chronic inflammation (Balkwill &
Mantouras 2001), all permit the speculative thesis that obesity may increase the incidence
of complications. There is some evidence that obese patients cannot effectively use their
abundant fat stores as a fuel source for the acute phase response to surgery, a small study
(n=17) showed obese patients preferentially oxidized proteins and carbohydrates in
response to trauma or injury and had significantly lower rates of lipolysis compared to non
obese patients (Jeevanandam et al, 1991). The consequence of excessive loss of protein
and lean body mass may be associated with reduced muscle, immune and pulmonary
function and increased mortality as seen in undernourished patients (Arora et al, 1982;

Tellado et al, 1989).

1.6.1 Obesity and Mortality

Obesity has been associated with increased risk of mortality in critically ill trauma patients
in some (Byrnes et al, 2005; Choban er al, 1991; Neville et al, 2004) but not all studies.
Two large studies (n ~1150), on critically ill trauma patients found obesity was an
independent risk factor for mortality (OR 1.6; 95% CI's: 1.0-2.3; P=0.003) (Brown et al,
2005). and obese patients were 7.1 times more likely to die in hospital after adjusting for
other factors including diabetes, gender and age (Bochicchio er al, 2006). Other studies
examining the influence of obesity on post-surgical mortality have failed to show any
association (Kuduvalli er al, 2003; Mullen et al, 2008; Reeves et al, 2003). A large

prospective cohort multi centre study carried out on 2258 patients undergoing major intra-
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abdominal cancer surgery, including oesophagogastric. hepatic, pancreatic and rectal
resections revealed that, after adjusting for other risk factors, obesity (BMI >30 kg m-2)
was not a risk factor for mortality (Mullen et al. 2008). Similar results have been reported
in patients undergoing coronary artery bypass graft (CABG) (Kuduvalli er al, 2003;
Moulton et al, 1996), and a large meta analysis (n=85.048) on bariatric surgery patients

report <1% 30-day to 2-year mortality rate (Buckwald ez al, 2007).

1.6.2  Obesity and Post operative morbidity

The risk of surgical morbidity is multifactorial dependiung on type and severity of
operation, the experience of surgeon, pre operative nutritional status and albumin to name
a few. In the developed world. major morbidity complicates between 3% and 21.9% of
surgical procedures (Gawande et al, 1999; Kable et al, 2002). For example the morbidity
for colorectal cancer surgery is reported att 18-38%, generally higher in rectal cancer
(Flancbaum & Choban 1998; Brooks-Brunn et al, 1997), but lower than morbidity for
oesophageal cancer surgery reported at levels as high as 50% with further evidence
suggesting that these risks may be further increased by neoadjuvant therapy, in particular
combination chemotherapy and radiation therapy (Bailey et al, 2003; Fiorica et al, 2004;
Reynolds er al, 2006B). Mortality is estimated to be 10 times higher for oesophageal
cancer compared to colorectal cancer (10% and 1% respectively) due to the complexity of
the surgery and perhaps increased complication rate. As large studies in these two cancers
are lacking, other surgical populations will be reviewed to assess the effect of obesity on
morbidity and mortality. However, it’s important to recognise the limitations of these
studies, most commonly the problem of small sample sizes, especially considering the
small number of patients at the highest BMI categories and the limited number of events
(complications and deaths) to be analysed. Studies are also limited by their single-
institution, retrospective designs with limited patient follow-up. Some studies include
large numbers of patients undergoing low-risk surgery in which the impact of BMI on
outcome is least likely to be demonstrated. Some of the more specific complications
associated with obesity like respiratory, wound and infectious complications are reviewed

below and summarised in Table 1.6.
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1.6.3 Respiratory Complications

Obesity causes or exacerbates many health problems. both independently and in
association with other diseases. In addition to the obesity-related pulmonary disorders of
sleep apnoea and hypoventilation syndrome, obesity is also associated with decreased vital
capacity. decreased functional residual capacity and decreased forced expiratory volume
(FEV1) (Harik-Khan er al, 2001; Jenkins er al, 1991; Canoy er al, 2004). While some
studies have identified overweight and obesity as a risk factor for post-operative
pneumonia, atelectasis and pulmonary embolism (Eichenberger er al. 2002; Merkow er al.
2009; Brooks-Brunn 1997; Hall er al, 1991), other studies have found no association
between overweight and obesity and post-operative respiratory complications (Moulton er

al, 1996; Mullen et al, 2008, Benoist et al, 2000).

1.6.4 Wound Complications

Wound dehiscence (opening of a wound along surgical suture) and wound infection are
serious complications following surgery and are associated with increased morbidity,
mortality and increased hospital stay (Pavlidis er al, 2001; Choban er al, 1997; Mangram et
al, 1999; Graham er al. 1999, Doyle er al, 2009). A number of different explanations for
why obesity is a risk factor for wound infection have been postulated, the avascularity of
adipose tissue leads to hypoperfusion and decreased oxygen tension which may result in
suboptimal neutrophil oxidative killing at the site of surgery in obese and increase the risk
of infection (Anaya & Dellinger 2006). Unadjusted dosing of antibiotics in obese may
leads to inadequate tissue drug levels, may predispose obese patients to surgical site
infections (Milano er al, 1995). Insulin resistance (Reaven er al, 1988) and deranged
glucose metabolism is associated with an increased risk of wound infection and impaired
wound healing, recent data indicate that tight glucose control can reduce the incidence of
postoperative mortality and morbidity, including wound infection (Patel er al, 2008).
Obesity can increase the risk of wound dehiscence directly by increasing tension on the
fascial edges at the time of wound closure, and indirectly by increasing the risk of wound
infection which is also a risk factor for dehiscence (Derzie er al, 2000; Webster et al,
2003). Studies investigating risk factors for wound dehiscence have both supported
(Merkow et al, 2009, Pavlidis er al, 2001; Riou et al, 1992) and opposed (Mikeli et al,
1995) the hypothesis that obesity increases the risk of wound dehiscence (Doyle et al,
2009). The evidence that obesity is a risk factor for wound infections is more consistent,

with a higher incidence of infection commonly reported post orthapedic surgery
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(Karunakar er al. 2005, Namba er al. 2005) and higher rate of sternal wound infections
and mediastinitis post CABG (Loop er al, 1990; Ridderstolpe er al, 2001; Lu er al. 2003)
and wound infections post pancreaticoduodenectomy (House er al. 2008). In a recent study
carried out by Merkow et al, the impact of BMI on short-term outcomes after colectomy
was assessed in 3202 patients using prospectively collected data. Morbidly obese patients
(BMI >35 kg m-2) were 2.6 times more likely to incur a surgical site infection, superficial

or deep, and 3.5 times more likely to experience wound dehiscence (Merkow et al, 2009).

1.6.5 Infectious Complications

There is a large body of evidence to suggest that obesity increases the risk of post-
operative infection. In a study of 849 patietns, Choban et al. found a lower incidence of
nosocomial infections (wound infections, C diff, pneumonia, bactraemias) in the normal
weight group compared to the obese group (0.5 V’s 2.8%) and the severely obese group
(4.3%) (Choban et al. 1995). Similar findings were reported in a study of 395 surgical
patients by Canturk et al., with significantly more infections occurring in obese patients
compared with normal-weight patients (P <0.05) (Canturk er al, 2003). Severe obesity
(>40kg/m2) was an independent risk factor for catheter-related (OR 2.2; CI: 1.5-3.4) and
other blood stream infections (OR 3.2; CI: 1.9- 5.3) in an ICU setting (Dossett et al,
2009).

1.6.6 Visceral obesity and risk of post operative complications

Studies assessing the extent to which obesity (BMI) affects surgical risk have not
produced consistent results, an emerging thesis is that central (visceral) adiposity is more
strongly related to obesity related metabolic abnormalities, and may reflect a more
sensitive measure of the adverse consequences compared to BMI which does not
distinguish lean and fat mass (Schoen et al, 1999; Pischon et al, 2006). In a study of 133
patients classified as obese using BMI >25 kg m” and visceral fat area, obesity was
associated with a significantly higher incidence of wound infection, overall complication
rate and hospital stay post laparoscopic colectomy for sigmoid colon cancer, but no
relationship was observed with BMI alone (Tsjinaka et al, 2008). Systemic complications
were significantly more frequent in visceral obese patients defined using BMI >25kg/m?2
and WC (>85c¢m male; >90cm female) compared to non visceral obese patients (19.0% vs.
3.9%, P=0.036), and visceral obesity was the only significant independent risk factor

(odds ratio 8.1, P=0.018) (Nitori er al, 2009). In another study CT assessment of intra-
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abdominal and subcutancous fat levels in 139 gastric and colorectal cancer patients found
a 10 fold increased risk of surgery-related complications in patients with excess intra-

abdominal and subcutaneous fat (Tsukada er al, 2004).
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Table 1.5:

operative outcomes

Summary of studies examining the impact of obesity on adverse post-

Kuduvalli et al, Retrospective | n=4713 BMI >30 kg/m’ associated with atrial
2003 coronary artery | arrhythmia and sternal wound infections
bypass surgery | BMI >35 kg/m” associated with atrial
patients arhythmia and sternal wound infections,
harvest site infections, prolonged
mechanical ventilation and longer hospital
stay
Zacharias et al, Retrospective | n = 8051 BMI >30 kg/m’ and BMI >35 kg/m’
2005 cardiac surgery | associated with atrial fibrillation
patients BMI >30 kg/m’ associated with atrial
fibrillation
Dossett et al, Prospective =2 (37 BMI >30 kg/mZ was an independent risk
2009 ICU Ward factor for catheter-related and other blood
stream infections
Brown et al, 2005 | Retrospective | n= 1,153 Obese patients suffered more complications
Critical injured | (p = 0.002).
blunt trauma longer stays in the hospital mechanical
patients. ventilation increased mechanical ventilation
Choban et al, Retrospective | n =849 BMI 27-31 kg/m” and BMI > 31 kg/m’ was
1995 General associated increases in the number of
surgery nosocomial infections
Brooks Braun Retrospective | n =400 BMI>27 kg/m” was associated
1997 Abdominal postoperative pulmonary complication
surgery
Cantiirk et al., Retrospective n = 395 Increase in the total number of nosocomial
2003 Surgical infections (p < 0.05
patients
House et al, 2008 | Retrospective | n= 356 BMI >30 kg/m2 was associated with wound
Pancreatico infections. p = 0.01
duodenectomy | Visceral fat area was associated with

complications p = 0.0land postoperatively,

pancreatic fistula p = 0.01

)]
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Merkow et al, Retrospective | n = 3202 BMI >30 kg/m” associated with pulmonary
2009 colectomy embolism
patients BMI >35 kg/m’ associated with pulmonary
embolism, surgical site infection, wound
dehiscence and renal failure
Mullen et al, 2008 | Prospective n=2258 BMI >30 kg/m’ and >35 kg/m” associated
abdominal with increased morbidity but not mortality
cancer surgery | or major complications
patients
Benoist et al, Retrospective | n =584 BMI>27 kg/m” associated with
2000 colorectal postoperative intra-abdominal collections
resection requiring treatment and anastomotic
leakage
Tsukada et al, Prospective ni=il:39 Intra-abdominal and subcutaneous fat was

2004

gastric or
colorectal

cancer

associated with medical complications
(pneumonitis or arrhythmia) and surgery-
related complications (anastomotic
leakage, intra-abdominal collections, or

abdominal wound infection)

BMI: Body Mass Index

This table presents a summary of the different studies assessing impact of obesity on
adverse post-operative outcomes. It describes the study design, the number of subjects and
the type of surgery performed and any relevant results focusing on complications
associated with obesity like respiratory, wound and infectious complications. The studies
are divided according to general surgical procedures and cancer specific surgeries.
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1.6.7 Obesity Paradox

Other than an increased risk of wound complications, several studies have failed to
demonstrate an increased risk of death or severe complications in obese patients
undergoing surgery. In fact, recently some studies have suggested that overweight and
obese patients may paradoxically have “better” outcomes than “normal” weight patients.
This concept, that obesity may confer some benefits in terms of adaptive response to
stress, and preservation of immune function, is consistent with a described “obesity
paradox”™ where mild obesity may confer some protective effects (Mullen et al, 2009).
Mullen found no dramatic differences in the 30-day mortality rate according to BMI class,
with a significantly higher rate in the underweight group (5.0%) and significantly lower
rates in the overweight (1.3%) and obese class 1 (1.2%), 11 (1.0%) and I1I (1.2%) patients,
as compared with normal weight (1.8%). The overall 30-day morbidity rates were highest
at the extremes of BMI class, with a rate of 19.5% in the underweight group and a rate of
13.8% in the obese class III group. This reverse J shaped relationship is depicted in Figure
1.5 with the highest rates in the underweight and morbidly obese extremes and the lowest
rates in the overweight and moderately obese (Mullen er al, 2009). Another large study
examining the impact of obesity in elective general surgery is a single institution study of
6336 patients from Switzerland, in which only 808 (12.8%) patients were obese and only
110 (1.7%) patients morbidly obese, concluded that obesity of any degree is neither
protective of, nor a risk factor for, death or complications in patients undergoing elective

general surgery.
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Figure 1.5: Morbidity and Mortality for general surgery patients

(Reproduced from Mullen et al, 2009 — Data from 121 medical centres)
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i p < 0.05 for Odds ratio different than 1.0.

This graph represents a comparison across BMI Categories of 30 day mortality and
morbidity in 118,707 patients undergoing non-bariatric general surgery. Normal BMI
class patients are used as reference. The graph shows the unadjusted odds ratios and the
odds ratios adjusted for over 30 significant co-morbid and operative risk factors. It
demonstrates a reverse J shaped relationship between BMI and surgical outcomes with
the highest rate of morbidity and mortality observed in the underweight and extremes of
obesity (Class Il Morbid Obesity, Mullen et al, 2009).
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1.6.8 Undernutrtion and morbidity and mortality

There is no doubt that protein energy under-nutrition has serious implications for health.
Underweight patients undergoing major intra abdominal cancer surgery have a nearly 2-
fold increased risk of morbidity and a 3 fold increased risk of mortality compared with
normal weight patients (Mullen er al, 2009). In addition, associations have been reported
between degree of pre operative weight loss and increased post operative complications
(Heys et al, 2005) and post operative mortality and reduced survival (Zacharakis et al,
2010). In the elderly, stable body weight is a predictor of lower subsequent mortality
while weight loss is associated with increased mortality, particularly short-term weight
loss, possibly reflecting underlying disease effects (Sullivan er al, 2002). Mortality has
been shown to be up to 8 times higher and dependency at discharge up to 3 times more

frequent (Sullivan et al, 1999).

There are several techniques used to detect malnutrition; Malnutrition Universal Screening
Tool (MUST) (Elia 2003), Subjective Global Assessment (SGA) (Detsky er al, 1987A),
Nutritional Risk Index (NRI) (Buzby er al, 1988), Mini Nutritional Assessment (MNA)
(Guigoz & Vellas 1997), anthropometric measurements, serum albumin, prealbumin,
lymphocyte count to name a few. It’s estimated that approximately one third to half of
patients are undernourished on admission to hospital, and that nutritional status worsens
during the course of hospitalisation. In a recent study by the British Association of
Parenteral and Enteral Nutrition (BAPEN), 28% of patients (5089 patients) screened on
admission to hospital in the UK were found to be at risk of malnutrition (Russell & Elia
2008). In Europe, data collected on Nutrition Day 2006 which included 21,007 patients
from 325 hospitals in 25 countries showed that on average 27% of patients were
considered to be at nutritional risk, with 42% in the UK at risk (Schindler et al, 2010).
Cancer patients, depending on the tumour type, are of course most likely to have suffered
a recent weight loss, weight loss occurs in 30-80% cancer patients and is severe (with loss
of >10% of the initial body weight) in 15% of patients (Dewys et al, 1980; Chute 1985;
Wigmore et al, 1997; Russell & Elia 2008). Weight loss is usually the combined result of
reduced dietary intake due to cancer anorexia, the direct and indirect tumour effects,
surgery, chemotherapy and physiological factors (Naber et al, 1997; Barrera et al, 2002).
In the French Comprehensive Cancer Centres, one in three cancer patients were
malnourished (Pressoir e al, 2010). Interestingly pre-existing obesity was identified as a

risk factor for malnutrition in the cancer patient population, perhaps because of a
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misidentification, reduced awareness or a delay in nutrition support in this category of

patients (Pressoir, et al, 2010).

Although the pathogenesis of under-nutrition and cancer cachexia is a complex multi-
factorial process, the consequences of under-nutrition are widely acknowledged (Tucker &
Miguel, 1996). Nutritional depletion is associated with changes in body composition,
tissue wasting and impaired organ function, poor wound healing, increased risk of
infection, depressed immune system, prolonged length of hospital stay and an increase in
morbidity and mortality (McAtear 1999; Davies & Bristow 1999). The importance of
nutritional depletion as a major determinant of the development of postoperative
complications has subsequently been confirmed in many studies (Table 1.7), summaries

some of the studies that link poor nutritional status with outcomes.

The adverse effects of post operative complications can result in longer post operative
recovery times and longer length of hospital stay which has implications for healthcare
costs and of course reduce patient’s quality of life (Marin Caro et al 2007). In view of
this, ensuring adequate nutritional intake has been a major focus of perioperative care
recently. Research has focused on the methods of delivering nutritional support, their
comparative clinical benefits, and modulation of patients' perioperative immune function
to minimize the metabolic changes associated with surgical trauma and reduce post

operative infectious complications.
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Table 1.6: Summary of studies examining the impact of undernutrition on adverse

post-operative outcomes

Busby et al, 1980

Elective Gl
Surgery N=100

Prognostic Nutritional

Index

Increased post-op
complications, sepsis

Increased mortality

Haydock & Hill
1986

General Surgery
N=66

% WT loss, BMI, MAC,
TSF, Alb, Transferrin

Impaired wound healing

Detsky et al, GI Surgery SGA Increased risk major post-
1987B N=202 op complications
Sagar & MacFie | Cardiac surgery BMI Increased risk of major and

1994

N=936

septic complications

Giner et al, 1996

Intensive Care

Alb, weight:height ratio

Increased complications,
Increased length of stay

Reduced discharge

Van Nes ef al, Geriatric Patients | MNA 3-fold Increase in-hospital
2001 N=1145 mortality

Increased length of stay.
Middleton et al, | N=819 SGA Increased length of stay

2001

Decreased one yr survival

D’ Alegria 2008

Hospitalised Pts
N=350 (n=134

cancer diagnosis)

SGA MAC, TSF, BMI

Increased post operative

complication and mortality

Pressoir et al,

2010

French
Comprehensive
Cancer Centres

N=1545

BMI , WT loss

Increased mortality

Increased antibiotics use

Garth et al, 2010

elective upper GI
or CRC surgery
N=95

Pre-op WT loss, Alb,
time to achieve adequate

nutrition post surgery

Increased length of stay
Increased risk of

complications

Legend WT, weight ; BMI Body Mass Index; MAC Mid Arm Circumference; TSF Triceps Skinfold
Thickness; Alb Albumin; SGA Subjective Global Assessment; MNA mini nutritional Assessment; Pre-op Pre
operative; Gl Gastro intestinal ; CRC colorectal cancer; post-op Post operatively.

Table 1.6 summarizes some of the studies that link poor nutritional status and adverse
post-operative outcomes. It describes the number and type of subjects, how undernutrition
was assessed or defined, and the impact on clinical outsome specifically postoperative
morbidity and mortality.
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1.7  Specific Aims and Objectives of this PhD

This thesis describes several studies of the impact of obesity on different cancers —
oesophageal, breast and colorectal cancer - from its’ aetiology, factors linked to
progression of cancer and treatment outcomes. Despite epidemiological evidence, the
precise biological mechanism by which obesity increases the risk of cancer remains
unknown, there is an intriguing potential link relating to altered metabolic, endocrine and
immuno-inflammatory effects of obesity and the alterations they induce. The hypothesis
of this thesis is that patients with excess total body fat (obesity), and specifically the
subgroup of individuals with an excess of intra abdominal or visceral adipose tissue is at
substantially higher risk of being characterised by insulin resistance and by the features of
metabolic syndrome and this has an adverse impact on cancer incidence, clinico —

pathological tumour features, morbidity, mortality and survival.

The aims and objectives of individual chapters are summarised below:

Chapter 3
To retrospectively examine obesity as a risk factor for postmenopausal breast cancer in
Irish patients diagnosed and treated at a major teaching hospital since 2001
= (Calculate the odds ratio for postmenopausal breast cancer if above the normal BMI
range;
* Correlate pathological features/aggressiveness of tumour with overweight/obesity
at time of surgery;

= Study the effect of obesity (at the time of diagnosis) on survival.

Chapter 4 and 5
To further examine the role of obesity in cancer aetiology by determining the
incidence of metabolic syndrome, hormonal abnormalities and adipocytokine levels in
prospective study on breast and colorectal cancer patients.
* To assess if the clustering of these altered risk profiles (central obesity,
hypertension, and raised plasma glucose, triglycerides and HDL cholesterol) in the
diagnosis of the ‘metabolic syndrome’ establishes a cumulative risk for cancer and

fuels cancer progression;
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* The relevance of metabolic syndrome to the biology and adverse clinico-

pathological features (tumour stage. tumour size, lymph node involvement,

metastasis, lymphovascualur invasion) of breast and colorectal cancer will be

assessed in an Irish population;

= To directly measure visceral, subcutaneous and total fat using computed

tomography;

= Provide Irish data on the incidence of hormonal abnormalities, adipocytokine

levels and add to our understanding of adipose tissue as a regulatory organ which

may help to identify future treatment targets.

Chapter 6 and 7

To examine if obesity impacts on operative risk especially morbidity or mortality

associated with the management of localised adenocarcinoma and colorectal cancer.

Chapter 8

To compare the incidence of minor, major, respiratory, wound complications
across the BMI categories;

To correlate  pathological features/aggressiveness of  tumours  with
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