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SUMMARY
Carcinoma of the oesophagus, gastro-oesophageal junction and stomach represent
aggressive diseases with a poor prognosis even in patients undergoing curative resection.
Where squamous cell histology once predominated, the incidence of oesophageal
adenocarcinoma has risen dramatically in Western countries over the past three decades.
Nutrition plays a key role in both the epidemiology of upper GI cancers and throughout
the cancer journey. It is a key risk factor, with obesity thought to be fuelling the
dramatic increase in incidence observed recently in the Western World. It also impacts
on Gastro-oesophageal reflux disease and Barrett’s Oesophagus, and the metabolic
abnormalities found in obesity are thought to be responsible for this. Once diagnosed
with Upper GI cancer, profound changes occur to the patients’ nutritional status. Again
nutritional therapy plays a key role on patients’ performance status, quality of life and
immunological and physical well-being. This thesis describes several studies of the
impact of nutrition on upper GI cancer —from its aetiology to treatment outcomes.
PART I of this Thesis examined the nutritional epidemiology of upper GI cancer and its
precursor lesion, Barrett’s Oesophagus. Chapter 2, a case control study of 760 cancer
cases and 893 healthy controls showed that obesity was an independent risk factor for
adenocarcinoma of the oesophagus, oesophago-gastric junction and gastric cardia.
Obesity increased the risk 11-fold in obese men compared to healthy controls. This
study was the first Irish report on obesity and cancer. To investigate plausible
mechanisms whereby obesity relates to adenocarcinoma, 102 Barrett’s and 78 patients
with Gastro-oesophageal reflux disease were screened for abdominal obesity and
metabolic syndrome in Chapter 3. 46% of Barrett’s patients had metabolic syndrome
compared with 32% of GORD (p < 0.05). In the long segment Barrett’s cohort, 92%
were centrally obese, 60% had metabolic syndrome and a pro-inflammatory state from
adipo-cytokine production was demonstrated. The prevalence of metabolic syndrome in
an unselected Barrett’s as well as GORD cohort far exceeded population norms. This
association suggests both potential pathways in the progression of Barrett’s metaplasia
and novel therapeutic approaches.
PART 1II of this thesis examined the effect of major upper gastrointestinal surgery on
morbidity and mortality following multimodality treatment or surgery alone and
examined the role of albumin in predicting post operative complications. Chapter 4
established the model of oesophagectomy as a severe surgical operation with high
morbidity. We performed a non-randomised comparison of 148 patients undergoing

neoadjuvant therapy or surgery alone, and reported that neoadjuvant therapy
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was associated with increased respiratory and septic complications. In an attempt to
identify early makers of postoperative morbidity we chose to examine the role of serum
albumin as a predictor of complications in 200 patients undergoing oesophagectomy in
Chapter 5. We observed that patients with an albumin <20 g/L on the first post-
operative day were twice as likely to develop post-operative complications, had a
significantly higher rate of Adult Respiratory Distress Syndrome, respiratory failure and
in-hospital mortality than those with an albumin >20 g/L. We conclude that serum
albumin concentration on the first post-operative day is a better predictor of surgical
outcome than many other pre-operative risk factors. Chapter 6 then examined the
impact of Upper GI malignancy on Nutritional Status. In chapter 6A we reviewed our
institutions experience of jejunostomy feeding post oesophagectomy over an 8-year
period. The records of 205 consecutive cases were reviewed and showed that
jejunostomy feeding was an effective method of providing nutritional support post-
oesophagectomy, and allowed home support for the subset that fail to thrive. Serious
complications were very rare. Chapter 6B examined the role of Total Parenteral
Nutrition (TPN) versus Intravenous fluids only on nutritional status post total
gastrectomy for malignancy in 90 patients. This study showed that there is a high
prevalence of malnutrition in gastric cancer patients undergoing surgery. Total
Gastrectomy is associated with dramatic weight loss, with patients losing an average of
15.5 kgs by 3-month follow up. Provision of TPN post-operatively significantly reduced
in-hospital weight loss, and also helped to attenuate further weight loss post discharge.

PART III of this thesis concerned a randomised controlled trial with peri-operative
immuo-nutrition.  Chapter 7 investigated possible modulation of the immuno-
inflammatory response to oesophagectomy using an enteral supplement enriched with
eicosapentaenoic acid (EPA). In a double blinded randomised design we investigated the
effect of EPA on post operative complications, stress response, immune function, and
body composition. 53 patients were prospectively recruited over 2.5 years. Peri-operative
administration of an enteral formula enriched with 2.2 g EPA per day for 5 days pre op
and 21 days post op was associated with preservation of lean body mass and nutritional
status, lower body temperature and a lesser pro-inflammatory response to surgery than
standard enteral nutrition. In addition there was less suppression of immune function.

The conclusions are summarised in Chapter 8. These studies on Nutrition in Upper
Gastrointestinal cancer add to our understanding of obesity’s aetiological role, and also
add to our knowledge of the effectiveness of nutrition support after major cancer surgery.

The results have treatment implications for many other solid tumours.
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1.1  OESOPHAGEAL CANCER

Oesophageal Cancer is associated with a dismal prognosis (Enzinger & Mayer, 2003,
Lagergren, 2005). During the past three decades dramatic changes have occurred in the
epidemiologic patterns associated with this disease. These changes differ across the two
principle histologic types of oesophageal cancer, squamous cell carcinoma (SCC) and
adenocarcinoma, as well as across race, gender and country (Holmes & Vaughan, 2007).
In addition to epidemiologic changes, recent advancements in the diagnosis, staging, and
treatment of this neoplastic condition have lead to small but significant improvements in
survival. However, mortality from oesophageal cancer is high and the response to
treatments for advanced-stage disease is poor, suggesting that an effective method for
mortality reduction may be through early intervention on modifiable risk factors (Kubo

& Corley, 2006).

1.1.1 Incidence Rates and Demographic Trends

Oesophageal cancer is the third most common cancer of the digestive tract and the sixth
leading cause of cancer-related deaths worldwide, with approximately 400,000 cases
diagnosed each year (Blackstock, 2007; Pisani et al, 1999). The incidence of
oesophageal cancer has been increasing markedly in several countries, up to 400%
during the past three decades, reflecting the most rapid rate of increase of any cancer in
the Western World (Kubo & Corley, 2006). Several population-based studies from the
United States and Western Europe have confirmed the rising incidence of oesophageal
adenocarcinoma and oeophago-gastric junction adenocarcinoma (Pera et al, 2005; Blot et
al, 1993; Blot et al, 1991; Devesa et al, 1998; Hansson et al, 1993; Pera et al, 1993; Yang
& Davis, 1988). In the United States, the incidence of adenocarcinoma increased 4-fold
between 1973 to 1982 and 1993 to 2002, from 0.5 to 2.1 per 100,000. This increase was
observed in all race and gender groups but most dramatically in white males, who
showed nearly a 5 fold rise (Holmes & Vaughan, 2007). Approximately 14,500 new
cases of Oesophageal cancer are diagnosed annually in the US and 13,770 deaths from
this cancer occur (Jemal et al, 2006). In Europe approximately 43,700 cases are
diagnosed each year and 39,500 deaths occur (Boyle & Ferlay, 2005). In Ireland,
oesophageal cancer is the 13" most common cancer in women, and the 8" most common
cancer in men with approximately 408 cases diagnosed each year (Ireland-Northern
Ireland National Cancer Institute, 2001). Ireland has a higher incidence of oesophageal

cancer than the European average for both men and women. In women, the incidence



rate is 6.1 per 100,000 women in the Republic compared with a European Union average
of 2.2 per 100,000. In men the rate is 11.7 per 100,000 in the Republic compared with
an EU average of 9.5 per 100,000 (Ireland-Northern Ireland National Cancer Institute,
2001).

1.1.2 Pathology

More than 90 percent of oesophageal cancers are either squamous cell carcinomas (SCC)
or adenocarcinomas (Daly et al, 2000). Other more rare forms of cancers that can
develop in the oesophagus include melanomas, leiomyosarcomas, carcinoids, and
lymphomas. Approximately three quarters of all adenocarcinomas are found in the distal
oesophagus, whereas squamous-cell carcinomas are more evenly distributed between the

middle and lower third (Daly et al, 2000; Siewert et al, 2001).

1.1.3 Age, Sex and Race Distribution

The risk of oesophageal cancer increases with increasing age, with a median age at
diagnosis of 60-75 years (Lagergren, 2005; Holmes & Vaughan 2007). An unexplained
feature of the incidence of this cancer is the striking male predominance. This
observation has been similar in all populations studied and across both histological
subtypes (Blot et al, 1991; Powell & McConkey, 1992; Hansson et al, 1993, Holmes &
Vaughan, 2007).

For adenocarcinoma, the incidence is substantially higher in males than females with a
ratio of 7:1, and in whites compared with blacks (ratio 4:1), (Blot & McLaughlin, 1999;
Crew & Neugut, 2004; Lagergren, 2005; Pera et al, 2005; Blot et al, 1991; Devesa et al,
1998). For SCC, the incidence is also higher in males than females in most countries,
and higher in black men than in white men in the United States. Among blacks in the
US, rates of SCC are still substantially higher than adenocarcinoma, however the overall
incidence of SCC in the US has dropped from 3.0 per 100,000 in 1973 to 1982 to 2.1 in
1993 to 2002, with declines seen in all race and gender groups (Holmes & Vaughan,
2007). The incidence of SCC peaked in black males in the late 1970’s and early 80s at
about 21 per 100,000 and has decreased by over 60% since then to 7.6 per 100,000 in
2002. Among Asians SCC still predominates, and adenocarcinomas — particularly those

at the OG junction are less common (Pera et al, 2005).



1.1.4 Pathologic Process

The pathogenesis of oesophageal cancer remains unclear (Enzinger & Mayer, 2003).
Data from animal studies suggests that oxidative damage from factors including
smoking, alcohol and gastro-oesophageal reflux, which cause inflammation,
oesophagitis, and increased cell turnover, may initiate the carcinogenic process (Terry et
al, 2000). Adenocarcinoma is thought to arise during a metaplasia-dysplasia-carcinoma
sequence (Jankowski et al, 1999). Specialised Intestinal Metaplasia (SIM), also known
as Barrett’s Oesophagus, is defined as metaplastic columnar epithelium containing
goblet cells in a biopsy specimen obtained anywhere within the tubular oesophagus
above the anatomic oesophago-gastric junction (Pera, 2003). Progression to dysplasia is
considered a pre-neoplastic condition, whereby cellular changes have become encoded
into the genome and are passed onto daughter cells during cellular replication. It is
thought that this sequence of events begins with chronic acid and bile damage to the
oesophagus which is normally rapidly healed by restitution or cellular replication,
however, in 10% of cases chronic damage to the epithelial stem cells allows rapid clonal
replacement by lineages with a growth advantage containing p53 mutations, and
appearances of dysplasia occurs. In 1 in 100 cases, aneuploidy (the occurrence of one or
more extra or missing chromosomes) and errors in DNA repair represent final pathways

which disrupt invasion suppressor genes (Jankowski et al, 1999), See Figure 1.1.

Figure 1.1: Metaplasia-Dysplasia-Carcinoma Sequence in Oesophageal

Adenocarcinoma

Normal Epithelium

Oesophagitis

l

Metaplasia/Barrett’s Oesophagus

l

Low-Grade Dysplasia

High-Grade Dysplasia

!

Adenocarcinoma




High grade dysplasia has been reported in 2-24% of individuals with Barrett’s metaplasia
and these individuals have a four-fold to eight-fold greater risk of developing cancer
(Morales et al, 1997) compared with individuals with low grade dysplasia (Wright, 1997;
Altorki et al, 1991; Levine et al, 1995).

Once cancer develops, it can spread rapidly to adjacent lymph nodes (Siewert et al, 2001;
Collard et al, 2001). At the time of diagnosis of oesophageal cancer, more than 50
percent of patients have either unresectable tumours or radiologically visible metastases
(Enzinger & Mayer, 2003; Layke & Lopez, 2006). Mortality rates for SCC and
adenocarcinoma are similar because most patients are diagnosed at a late stage of
disease. Five year survival is still about 10% in most Western countries, although there
have been recent improvements in survival, albeit small, reflecting improvements in
endoscopic detection, and in surgical and medical therapy for early stage disease (Pera et
al, 2005). Because the mortality from these cancers is high, and the response to
treatments for advanced stage disease is poor, an effective method for mortality
reduction may be through early intervention on modifiable risk factors (Daly et al, 1996).
These risk factors include Gastro-oesophageal reflux disease, Barrett’s oesophagus, diet,

smoking, alcohol intake and obesity.

1.2 EPIDEMIOLOGY OF OESOPHAGEAL CANCER:
ADENOCARCINOMA & SCC

1.2.1 Gastro-Oesophageal Reflux Disease

Frequent symptoms of Gastro-Oesophageal Reflux (GOR) affect between 10 and 30% of
the adult population (Hampel et al, 2005; Spechler, 1994). A recent systematic review of
31 articles including 77,671 patients, reported that in Western populations, 25% of
people report having heartburn at least once a month, 12% at least once per week, and
5% describe daily symptoms (Moayyedi & Axon, 2005). The pathophysiology of GOR
is complex, since it is influenced by many factors, and many mechanisms remain
incompletely understood. Physiological abnormalities of the anti-reflux barrier, hiatus
hernia, oesophageal body emptying, and gastric factors including acid, volume, and
emptying all play a role in the pathogenesis of GORD (Katz, 2001). Asymptomatic
oesophagitis is also common but the natural history remains unknown (Moayyedi &

Talley, 2006). In a random sample of the Swedish adult population, reflux symptoms



were reported in 40% and oesophagitis was diagnosed in nearly 16%; however, 37% of

those with oesophagitis had no symptoms of GORD (Shaheen & Provenzole, 2003).

The role of gastro-oesophageal reflux in the development of oesophageal
adenocarcinoma has been investigated in four recent large epidemiological studies
(Chow et al, 1995; Lagergren et al, 1999, Ye et al, 2001; Farrow et al, 2000). Chow et al
(1995) performed a medical record-based case-control study of 196 patients with
adenocarcinoma of the oesophagus and gastric cardia in the United States. They reported
a significant two-fold increased risk amongst persons with a recorded history of gastro-
oesophageal reflux disease, hiatus hernia, oesophagitis/oesophageal ulcer, or difficulty in
swallowing. In a Swedish population-based, nationwide case-control study carried out by
Lagergren et al (1999), information on subjects’ history of gastro-oesophageal reflux was
collected during personal interviews with 189 patients with oesophageal adenocarcinoma
and 820 control subjects. Amongst persons with recurrent symptoms of reflux occurring
at least once per week, the risk of oesophageal adenocarcinoma was increased eightfold.
The more frequent, more severe, and longer lasting the symptoms of reflux, the greater
the risk. Amongst persons with longstanding and severe symptoms of reflux, the odds
ratio was 43.5 for oesophageal adenocarcinoma (Lagergren et al, 1999). In a case control
study of similar design in the United States by Farrow and colleagues (2000), there was
also a dose-response relationship between reflux symptoms and oesophageal
adenocarcinoma; however, the relative risk estimates were not as high as in the Swedish
study. A recent population based cohort of 65,000 male patients with a discharge
diagnosis of heartburn, hiatus hernia, or oesophagitis was performed by Ye et al (2001)
to investigate the relationship between GORD and oesophageal adenocarcinoma.
Virtually complete follow up was attained through record linkage with several
nationwide registers, and 37 cases of oesophageal adenocarcinomas were identified.
There was a nine-fold increased risk of oesophageal adenocarcinoma amongst patients
with an endoscopically verified oesophagitis. The risk estimates increased with
increasing follow up time. Based on all these four studies, it is possible to establish that
reflux is a major risk factor for oesophageal adenocarcinoma. This may be through the
development of Barrett’s oesophagusor/Specialised Intestinal Metaplasia (SIM) which is
thought to develop in 8 — 14% of patients with chronic GORD (Kim et al, 1997), and is a
metaplastic precursor to oesophageal adenocarcinoma (Reid et al, 1996; Mayne et al,
2002), but whether the inflammation to adenocarcinoma sequence can bypass the

development of SIM is unknown.



1.2.2 Specialised Intestinal Metaplasia/Barrett’s Oesophagus

The strongest risk condition for oesophageal adenocarcinoma is Barrett’s oesophagus
(Lagergren, 2005). Barrett’s Oesophagus or specialised intestinal metaplasia (SIM), a
complication of long-standing gastro-oesophageal reflux disease, is the only known
precursor lesion for adenocarcinoma of the oesophagus (Nilsson et al, 2003). Like
adenocarcinoma of the oesophagus, the prevalence of Barrett’s oesophagus has also been
rising in Europe and North America (Cameron & Lomboy, 1992). The risk of
adenocarcinoma amongst patients with Barrett's oesophagus has been estimated to be 30
to 60 times that in the general population (Spechler et al, 1984; Cameron et al, 1985; Van
der Veen et al, 1989; Drewitz et al, 1997).

It is now well established that Barrett’s Oesophagus is a complication of severe and
long-standing gastro-oesophageal reflux and is found in 10-16% of such patients at
endoscopy (Winters et al, 1987). Pathophysiological studies have shown that patients
with Barrett's oesophagus 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). Barrett’s Oesophagus is also
associated with higher levels of acid exposure than erosive oesophagitis and duodeno-
gastro-oesophageal exposure as measured by Bilitec monitoring, particularly in the
presence of complications (Attwood et al, 1993; Kauer et al, 1995). Therefore, patients
with Barrett’s are at the extreme end of the pathophysiological spectrum of gastro-

oesophageal reflux disease (Caygill et al, 2004).

Short segment Barrett’s oesophagus (SSB), i.e. Barrett’s mucosa less than 3cm in length,
is found in 8-20% of adult individuals, making it more prevalent than long-segment
Barrett’s oesophagus (1% adult prevalence) (Morales et al, 1997; Chalasani et al, 1997,
Johnston et al, 1996). Despite this fact, only 35% of oesophageal adenocarcinomas arise
in short segment Barrett’s oesophagus; therefore, the true cancer risk in SSB is presently
unclear but probably lies between 0.03-1% (Morales et al, 1997). To date no treatments
have been shown to reverse the progression of Barrett’s oesophagus completely or to
alter its natural history once it has developed (Barr et al, 1996). Even after prolonged
high-dose proton-pump inhibition or successful anti-reflux surgery, fewer than 10% of
Barrett’s cases regress, and progression to cancer may occur over a short period of 3

years (Prach et al, 1997; Sagar et al, 1995). Five-year survival rates of 35-45 % have



been reported for cancers detected in endoscopic surveillance, thus highlighting the

importance of Barrett’s surveillance (Jankowski et al, 1999).

There are very few studies on lifestyle factors and Barrett’s Oesophagus thus making it
impossible to say anything concrete at this stage. The available evidence suggests that
neither alcohol consumption nor tobacco use have an effect (Caygill et al, 2004). One
study (Logan & Riddick, 1990) found past smoking to be moderately connected with
Barrett’s Oesophagus development, possibly as a result of the effect of smoking on
promoting gastro-oesophageal reflux. Another study (Caygill et al 2002) suggested a role
for obesity in young Barrett’s Oesophagus patients. In this context it is of interest that
Barrett’s Oesophagus occurs as a complication of long standing GORD (Winters et al

1987) which, itself, is a complication of obesity.

1.2.3 Alcohol

Both alcohol consumption and smoking are strong established risk factors for SCC.
There is consistent epidemiologic evidence for elevated risk of SCC with alcohol
consumption, and the risk increases with the amount of alcohol consumed (Blot &
McLaughlin, 1999). Among heavy drinkers (> 12 drinks/week), relative risks range
from 2.9 - 7.4 (Blot & McLaughlin, 1999; Gammon et al, 1997; Bahmanyar & Ye,
2006). Several studies have reported a dose response relationship between alcohol
intake and risk of SCC (Linblad et al, 2005; Lee et al, 2005); with some authors
reporting reduction in risk of SCC several years after quitting drinking. It is thought that
alcohol may act as a direct irritant to the oesophageal epithelium, may increase
susceptibility to other carcinogens, or may contribute to dietary deficiencies that
predispose to SCC (Holmes & Vaughan, 2007). Other authors have suggested that
alcohol consumption is likely related to socio-economic status in some populations,

which is inversely related to SCC risk (Tran et al, 2005).

A synergistic effect of alcohol and smoking on the risk of SCC has also been reported
(Crew & Neugut, 2004). A case-control study from Italy and Switzerland addressed
SCC with a family history of cancer as the primary exposure, and smoking and alcohol
together as the secondary exposures (Garavello et al, 2005). For those without a family
history of oesophageal cancer, the odds ratio for current smokers consuming >49 drinks

per week was 15.5, compared with non-smokers consuming less then this amount of
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alcohol. For subjects with a family history of oesophageal cancer and the same smoking
and alcohol histories, the OR for SCC increased to 107 (Garavello et al, 2005).

Alcohol does not appear to be an important risk factor for adenocarcinoma of the
oesophagus (Blot & McLaughlin, 1999; Brown & Devesa, 2002; Crew & Neugut, 2004;
Lagergren, 2005; Lindblad et al, 2005, Zhang et al 1997; Menke-Pluymers et al, 1993).
Three large population based case-control studies have probably provided the most
reliable results hitherto concerning the influence of alcohol on the risk of
adenocarcinoma of the oesophagus (Levi et al, 1990; Gao et al, 1994; Lagergren et al,
2000; Gammon et al 1997; Wu et al, 2001). Based on data from all these studies, it may
be concluded that alcohol is not associated with an increased risk of oesophageal

adenocarcinoma (Lagergren, 2005).

1.2.4 Smoking

Smoking greatly increases the risk of SCC. Prospective epidemiologic data show that
smokers have a 5-fold higher risk than non-smokers, with a risk of heavy smokers of
nearly 10-fold (Blot & McLaughlin, 1999). However the risk of SCC decreases rapidly
after smoking cessation, with a substantial decline within 5-10 years (Blot, 1999; Brown
& Devessa, 2002; Crew & Neugut, 2004). In contrast to alcohol where the intensity of
consumption seems to be important in SCC, the duration of smoking seems to be of
greater importance than the amount of tobacco smoked (Lee et al, 2005; Tran et al,
2005).

Smoking increases the risk of adenocarcinoma, although not nearly as strongly as for
SCC (Holmes & Vaughan, 2007). Eight case control studies have reported a moderately
increased risk of oesophageal adenocarcinoma and/or gastric cardia among tobacco
smokers, with ORs of generally about 1.5-2.8 (Vaughan et al, 1995; Wu et al 2001;
Kabat et al, 1993; Li et al, 1989; Wu-Williams et al, 1990; Brown et al, 1994; Gonzalez
et al, 1994). However some studies have found no association between smoking and
adenocarcinoma (Lagergren et al, 2000; Gao et al 1994; Levi et al, 1990). Taken
together, any association with smoking seems to be of moderate strength (Lagergren,
2005). In addition, data that supports a role for tobacco as an aetiologic risk factor for
adenocarcinoma does not explain the rising incidence of this cancer at a time when SCC
is stable or decreasing in incidence, considering recent reductions in the prevalence of

cigarette smoking in the general population (Zhang et al, 1997, Pera et al, 2005).
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1.2.5 Diet and Nutrition

The potential role of dietary factors in the aetiology of oesophageal cancer has attracted
considerable attention in previous epidemiologic studies (Pera et al, 2005). The majority
of published studies relate to SCC, with little information available for adenocarcinoma.
High intakes of fresh fruits and vegetables, especially if eaten raw, and of antioxidants
are associated with decreased risk of both major types of oesophageal cancer (Holmes &
Vaughan, 2007; Terry et al, 2001). Case-control studies worldwide have shown lower
intakes of fruit and vegetables in subjects with SCC and adenocarcinoma, with an
average two-fold increase in risk with low intakes (Tran et al, 2005; DeStefani et al,
2005; Navarro et al, 2004). A high intake of calories and fat has also been associated
with strongly increased risk (Zhang et al, 1997; Chen et al, 2002; Mayne & Navarro,
2002) as well as dietary cholesterol and animal protein (Mayne et al, 2001; Navarro et al,
2004). Several studies have shown that some foods and nutrients are protective factors
against adenocarcinoma including fruit and vegetables, lutein, niacin, beta-carotene,
folate, iron, zinc and vitamins B6, B12 and C (Brown et al, 1995; Chen et al, 2002; Terry
et al, 2001; Takesaki et al, 2001; Zhang et al, 1997). Antioxidants such as Vitamin C,
beta-carotene and alpha-tocopherol have the potential to neutralise the harmful effects of
DNA-damaging free radicals, such as those produced by smoking. A protective effect of
dietary fibre on the risk of adenocarcinoma has also been reported (Terry et al, 2000;
Brown et al, 1995; Mayne & Navarro, 2002; Zhang et al 1997). However, data
concerning diet and oesophageal adenocarcinoma remains limited and susceptible to
bias, particularly the role of confounding by dietary variables, which is a source of error
that is difficult to reliably adjust for. Therefore, more well-designed studies are needed to

establish new dietary risk factors (Lagergren, 2005).

1.2.6 Helicobacter Pylori Infection

Helicobacter Pylori (H. Pylori) is an important risk factor for non-cardia gastric
adenocarcinoma, however it is not associated with increased risk of cancer of the
oesophagus or oesophago-gastric junction (Huang et al, 1998). In fact, an inverse
relationship between CagA+ strains of H. Pylori infection and the risk of
adenocarcinoma and OG junction adenocarcinoma has been reported (Chow et al, 1998;
Wau et al 203; Ye et al, 2004; Graham & Yamaoka, 1998; Vieth et al, 2000; Weston et al,
2000; Siman et al, 2001). Infection with Helicobacter Pylori reduces the risk of
oesophageal adenocarcinoma by 60-80% (Ye et al, 2004; Chow et al, 1998). The

postulated mechanism for the protective effect of Helicobacter Pylori is through it’s
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ability to cause atrophic gastritis, and possibly by increasing intra-gastric ammonia
production which results in a higher pH in gastric juice and refluxate (Richter et al,
1998). However other recent studies have shown that the inverse association remains

unaffected after adjustment for gastric atrophy (Ye et al, 2004).

1.2.7 Socio-economic status

Low Socio-economic status (SES), measured by income, education, occupation and
other variables, is associated with a higher risk of SCC (Holmes & Vaughan, 2007). It
has been suggested that low SES may be the underlying factor explaining the association
between poor nutrition and low BMI with SCC (Tran et al, 2005). However, in studies
where SES risk has been adjusted for smoking, alcohol and intake of fruit and
vegetables, the ORs were not attenuated, suggesting that SES did not act through these
mechanisms (Janson et al, 2005). For adenocarcinoma, low SES also appears to be a
risk, but the effect does not appear to be as strong as for squamous cell carcinoma
(Brown & Devessa, 2002). In contrast to SCC, when studies assessing the risk of
adenocarcinoma based on SES were adjusted for other risk factors such as reflux, BMI
and smoking, the trend is no longer significant suggesting that for adenocarcinoma, SES

acts largely through these established risk factors (Jansson et al, 2005).

1.2.8 Heredity

Although familial clustering of both Barrett’s oesophagus and oesophageal
adenocarcinoma occurs (Romero et al, 1997; Chak et al, 2002; Jochem et al, 1992; Eng
et al, 1993; Poynton et al, 1996), the influence of genetic factors in the aetiology of
oesophageal adenocarcinoma seems to be of limited importance (Lagergren, 2005). In
three population based studies of familial occurrence, no evidence of family history of
digestive cancer among cases of oesophageal adenocarcinoma was found (Zhang et al,
1996; Lagergren et al, 2000; Dhillon et al, 2001). Hence, the aetiology of oesophageal
adenocarcinoma is dominated by non-genetic risk factors. Moreover, the recent increase
in incidence of oesophageal adenocarcinoma is not related to hereditary factors because a

change of gene pool in 20-30 years is unlikely (Lagergren, 2005).
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1.3  NUTRITIONAL EPIDEMIOLOGY OF OESOPHAGEAL
ADENOCARCINOMA: OBESITY

1.3.1 Obesity: Definition and Scale of the Problem

The relationship between excess body weight and mortality has long been recognised
and is well established in the literature (Manson et al, 1995; Willett et al, 1995; Stevens
et al, 1998; Lindsted et al, 1998; Calle et al, 1999; Kopelman, 2000). Obesity has
recently come to light as an important risk factor for many cancers, including
oesophageal cancer (Calle et al, 2003), and is thought to be a driving force behind recent
epidemic increases in adenocarcinoma of the oesophagus (Holmes & Vaughan, 2007).
Obesity is diagnosed using Body Mass Index (BMI) criteria - this is computed as weight
in kilograms divided by height in meters squared (kg/m?®). Cut-offs used by the World
Health Organisation (1998) are: 20-25 kg/m2 normal, overweight 25-29.9 kg/m’, and
obese >30 kg/mz. Obesity is further classified as Grade I (BMI 30-35) Grade II (35-40)
or Grade III (BMI > 40).

Obesity has reached epidemic proportions globally, with more than 1.7 billion adults
overweight and 300 million clinically obese (WHO, 1998). Currently 64.5% of U.S.
adults age 20 years or over are overweight (approx 127 million) and 30.5 % are obese
(60 million obese and 9 million severely obese). In Europe, about half the adult
population are currently estimated to be either overweight or obese (WHO 2002). The
Republic of Ireland, like other Western countries, has witnessed a marked increase in the
prevalence of obesity since the early 1990s, the prevalence increasing by 67%. Sixty
seven percent of men and 75% of women over 51 years of age are either overweight or

obese (McCarthy et al, 2002).

1.3.2 Obesity and Cancer

Although the associations between obesity and diabetes, cardiovascular disease, and
various digestive and musculoskeletal disorders are well documented, the relationship of
obesity with overall cancer and site-specific cancers has only been examined in the last
30 years. There is growing evidence that overweight and obesity are associated with
many cancer sites (Bianchini et al, 2002). In fact, obesity is one of the strongest

emerging risk factors for many cancers in Western Countries (Kubo & Corley, 2006).
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In the largest prospective cohort investigation of the role of overweight and obesity and
cancer mortality, Calle et al (2003) followed over 900,000 American adults for 16 years.
Analyses were adjusted for many potential confounding variables, including smoking
status, physical activity, alcohol use, fat consumption and vegetable consumption.
Compared with men whose BMI was in the normal range, men with obesity had
significant increases in cancer mortality from oesophageal, colorectal, liver, gallbladder,
pancreatic, prostate, kidney, non-Hodgkin’s lymphoma, multiple myeloma and
leukaemia. Among women, high BMI was associated with greater mortality from
colorectal, liver, gallbladder, pancreatic, breast (post-menopausal), uterine, cervical,
ovarian and kidney cancers, and from non-Hodgkin’s lymphoma and multiple myeloma.
The heaviest members of the cohort (BMI>40) had death rates from all cancers that were
52% higher for men and 62% higher for women than the rates in men and women of
normal weight (Calle et al, 2003). Taken together, the authors estimate that obesity is
responsible for up to 14% of all deaths from cancer in men, and 20% of all deaths from

cancer in women in the US — a staggering 90,000 cancer deaths may thus potentially be

avoided annually if BMI was kept below 25 kg/m2 (Calle et al, 2003). Similar figures
are not available for Europe, but it is estimated that 36,000 cancer cases could be
avoided annually by halving the prevalence of overweight & obesity (Bergstrom et al,

2001).

1.3.3 Obesity & Oesophageal Cancer: Epidemiological Evidence

Increasing epidemiological evidence strongly links obesity with the incidence of
oesophageal adenocarcinoma (Calle et al 2003, Lagergren et al 1999; Chow et al 1998;
Vaughan et al 1995; Brown et al 1995; Engel et al, 2003) and it is thought to be a
responsible for up to 40 per cent of cases (Engel et al, 2003). There are 17 studies in the
scientific literature addressing BMI and Oesophageal Cancer - 8 from North
America/Canada, 5 from Europe, 3 from China and 1 from Australia (they are

summarised in Table 1.1).
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Table 1.1: Published Studies on Obesity and Oesophageal Adenocarcinoma

Author Design ~ Country  No.cases/ Adjusted for Exposure Definitions Results
Controls BMI BMI OR(95% CI)
Reference overwt &
obese
NORTH AMERIAN/CANADIAN STUDIES
Brown (1995) Case-Control USA 174/750 ACELSLS <231 >26.6 OR (OA) 3.1(1.8-5.3)
Vaughan (1995) Case-control USA 298/724 AETR,S <25 >30 OR(OA) 251(1.:2-5.6)
OR(CA) 1.6 (0.8-3.0
-Chen (2002) Case Control USA 124/449 <25 >25 OR (OA) 1.1(1.04-1.18)/BMI unit increase
-Chow (1998) Case Control USA 493/695 A,G,LR,T <P3 =2 OR (OA) 2.9(11.8-4.7) p<0.0001
OR(CA) 1.6(1.1-2.6) p=0.008
-Wu (2001) Case Control USA 499/1,356 AGR,S,TY <23 >28 OR (OA) 2.8 (1.7-4.4) p<0.0001
OR(CA) 2.1 (1.4-3.2) p=0.0016
-Kabat (1993) Case Control USA 173/4,544 AD.EIST <22 >28 OR (OA&CA) 1.2(0.6-2.4) p=ns
-Zhang (1996) Case Control USA 95/132 AB,.D.E.GHKZRS,T <25 >25 OR (OA&CA) 0.93 (0.8-1.03)p=ns
Calle (2003) Cohort USA 1,065/900,053 AP.SM,ET,R,.D <25 >35 OR (OA&SCC) 1.63(0.95-2.8) p=0.008
Veugelers (2006) Case Control Canada 57/102 TEVE, <20 >30 OR(OA) 4.67(1.27-17.9)P=0.001
EUROPEAN STUDIES
-Incarbone (2000) Case Control Italy 262/262 <25 =25 OR (OA) OR not calculated
Engeland (2004) Cohort Norway 575/2 million A <25 >30 OR (OA) 2.58 (1.81-3.68) p=0.001
-Cheng (2000) Case Control UK 74174 F,.D <19.5 >22.7 OR (OA) 6.04 (1.3-28.5) p=0.002
-Lagergren (1999) Case Control Sweden 451/820 A€ D.E,GHPST <223 >25.6 OR (OA) 16.2(6.3-41.4) p=0.0001
OR(CA) 4.3(2.1-8.7) p=0.0001
Linblad (2005) Case Control UK 287/10,000 A,G,S.EH 20-25 >25 OR (OA) 1.93(1.24-3.01) p=0.005
OR(CA) 1.46(0.84-2.54) p=0.04
AUSTRALASIAN STUDIES
Maclnnis (2006) Cohort Australia 30/41,295 Y.G.P:S <25 >30 OR (OA&CA) 3.7(1.1-12.4)P=0.03
Tran (2005) Cohort China 1089/29,584 A,G <20 >23 OR(CA) 0.95(0.8-1.13)p=ns*
-Ji (1997) Case-Control China 185/1451 AT ESSH <19.5 >22.2 OR (CA) 3.0(1.7-5.4)p=0.01
-Zhang (2003) Case Control China 300/258 18.5-24 >24 OR(CA) 0.16(0.05-0.44)P<0.005

A=Age, B=Barrett’s, C=energy intake, D=Diet, E=Alcohol, F=breast-feeding, G=gender, H=History of ulcer, reflux or gastric disease, J=family history, K=History of hypertension, L=Location, area,
hospital, M=marital status, P=physical activity, R=Race, S=SES, education, T=Tobacco, V=Vitamin intake, Y=birthplace, Z= time between interview & disease, OA=0Oesophageal Adenocarcinoma,
CA=Cardia adenocarcinoma, SCC=squamous cell carcinoma, OR=0dds Ratio, UK=United Kingdom, USA=United States of America, ns=non-significant.
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1.3.3.1 North America/Canada

The first population-based case-control study to investigate dietary and nutritional risk
factors for adenocarcinoma of the oesophagus was carried out by Brown and colleagues
(Brown et al, 1995) in 1995: 174 males with adenocarcinoma and 750 control subjects in
three areas of the US were studied from 1985 to 1989, and they reported an increased
risk (OR 3.1) in the heaviest quartile compared with the lightest quartile. Vaughan and
colleagues (Vaughan et al 1995), in a case control of 404 cases of oesophageal cancer
(298 adenocarcinoma and 106 SCC) and 724 healthy controls, reported that patients in
the highest decile of BMI had the greatest risk of oesophageal adenocarcinoma (OR 2.5,
95% CI 1.2-5.6), and gastric cardia adenocarcinoma (OR 1.6(95%CI, 0.8-3.0) and the
risk of SCC was inversely related to BMI (OR 0.2 95%CI, 0.1-1.0). Another study, by
Chow and colleagues (Chow et al 1998) examined anthropometric risk factors in a
population-based case control study of 589 cases of SCC and 554 cases of
adenocarcinoma of the oesophagus and gastric cardia, along with 695 healthy control
subjects. The risk of adenocarcinoma rose with increasing BMI (OR 2.9 (95% CI, 1.8-
4.7, p=0.0001 for highest quartile), and the magnitude of the association was greatest

among the younger age groups and among non-smokers.

In a case-control study of 499 cancer cases and 1,356 healthy controls, Wu et al (2001)
reported an odds ratio for oesophageal adenocarcinoma of 2.8 (95% CI, 1.7-4.4,
p<0.0001) for subjects with a BMI > 28 kg/m2 versus < 23 kg/m” and an odds ratio for
gastric cardia adenocarcinoma of 2.1 (95%CI, 1.4-3.2, p=0.0016). In a study that mainly
addressed dietary risk factors for oesophageal and gastric malignancy, Chen and
colleagues (2002) studied 124 cases of adenocarcinoma and 449 healthy controls in a
case-control study. They found that BMI was linearly, and positively, associated with
the risk of oesophageal adenocarcinoma: odds ratio of 1.1(95% CI, 1.04-1.18) per unit
increase in BMI. Calle and colleagues (2003) studied over 900,000 US adults over 16
years. From the total population 876 deaths from oesophageal cancer in males and 189
deaths in women occurred. A significant association between BMI and death from
oesophageal cancer was seen in males, with a relative risk of 1.63 (0.95-2.8, p=0.008),
but no effect was observed in women. This study did not differentiate between
adenocarcinoma and SCC. The only negative study from the United States was a very
early study published in 1993 by Kabat and colleagues. The main focus of this study
(173 cases of oesophageal/gastric cardia adenocarcinoma, 136 SCC, 4,544 hospital

controls) was to examine the effect of tobacco, alcohol intake and diet as risk factors.
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When the authors examined the effect of BMI they used a cut off of >28 kg/m2 as the
referent value compared to individuals with BMI <22 kg/m?, (in contrast to more recent
studies). They found that the risk of oesophageal and gastric cardia adenocarcinoma was
inversely related to BMI (OR 1.2 (0.6-2.4) although this result was not statistically
significant. Another study by Zhang et al (1996) on 95 cases of oesophageal and gastric
cardia adenocarcinoma and 132 controls reported a non-significant relationship between
BMI and risk of cancer, odds ratio of 0.93 (95%ClI, 0.83-1.03). It is not clear from this
paper how the odds ratio was calculated nor was the effect of BMI the main focus of the
study.

The only Canadian study to examine the effect of BMI on oesophageal adenocarcinoma
was performed by Veugelers et al (2006). In this prospective hospital based case-control
study 57 cases of oesophageal adenocarcinoma were compared to 142 proven GORD
cases, 130 Barrett’s cases and 102 healthy controls. The OR for oesophageal
adenocarcinoma for BMI > 30 kg/m2 versus normal was 4.67 (95% CI, 1.27-17.9).

1.3.3.2 European studies

The first European study was published by Lagergren and colleagues in 1999 who
conducted a nationwide, population-based case-control study in Sweden of 189 cases of
adenocarcinoma of the oesophagus, 262 cases of gastric cardia adenocarcinoma, 167
cases of oesophageal SCC, and 820 controls, and reported a significant dose-dependent
relationship between BMI and oesophageal adenocarcinoma. The adjusted odds ratio
was 7.6 amongst persons in the highest BMI quartile compared to persons in the lowest
quartile. This study was followed by an Italian study carried out by Incarbone et al
(2000). Here, 262 patients with adenocarcinoma of the oesophagus, gastric cardia and
stomach were compared with 262 control subjects, and 138 GORD cases. This study did
not calculate the odds ratio for cancer according to BMI as previous studies had done,
but simply reported that adenocarcinoma cases were significantly heavier than SCC
cases but not significantly heavier than controls. Unfortunately this study did not

exclude non-cardia gastric adenocarcinoma cases from the analysis.

In the UK, Cheng and colleagues (2000) conducted a small case-control study of 74
women with adenocarcinoma of the oesophagus and showed that a high BMI at the age
of 20 years and low consumption of fruit was associated with increased risk (odds ratio
6.04 for highest BMI quartile versus lowest). Engeland and colleagues (2004) in a

cohort study followed over 2 million Norwegians for an average of 23 years and
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recorded 575 cases of oesophageal adenocarcinoma. This study did not distinguish
between histological sub-site nor did it control for other well known risk factors such as
alcohol intake, diet, age, or socio economic status, but reported that obese men had a
relative risk of death from adenocarcinoma of the oesophagus 2.58 times that of normal
weight men (95% CI, 1.81-3.68). The fifth and most recent European study was reported
by Linblad and colleagues (2005) who conducted the second UK case-control study
using the General Practitioner Research Database. During follow up of 4,340,207
person-years, 287 cases of oesophageal adenocarcinoma and 196 gastric cardia
adenocarcinoma were identified and compared to 10,000 controls. A dose-dependent
relationship between BMI and oesophageal (OR 1.67, 95% CI 1.22-2.3) and gastric
cardia (1.46, 95% CI 0.98-2.18) adenocarcinoma was identified, the association being

independent of reflux symptoms.

1.3.3.3 Australia and Asia

In a prospective cohort study from Australia, McInnis et al (2006) followed 41,295
subjects for 11 years. Detailed body composition information from bioelectrical
impedance analysis was performed at baseline. ' By follow up 11 cases of lower
oesophageal adenocarcinoma, 19 gastric cardia tumours were identified - too few cases
to perform separate analysis for individual sites. ~The Hazard ratio (HR) of
adenocarcinoma of the lower oesophagus and gastric cardia for individuals with a BMI >
30 kg/m® compared with a BMI of < 25 kg/m” was 3.7 (95% CI, 1.1-12.4). For every
10cm increase in waist circumference the HR was 1.46 (95% CI, 1.05 - 2.04) and for
every 10kg increase in fat free mass the HR was 2.06 (95% CI, 1.15-3.69).

All of the epidemiological studies from Asia are from Chinese studies which solely
looked at BMI and the risk of gastric cardia adenocarcinoma (Tran et al, 2005; Ji et al,
1997; Zhang et al, 2003). Several authors note that great differences exist in genetic
background, lifestyles, dietary habits, and smoking and alcohol consumption between
Chinese and Westerners (Zhang et al, 2003) and these factors are important
considerations when comparing obesity’s relationship to cancers across different
Continents. Only one Chinese study - that of Ji et al (1997) has reported a relationship
between obesity and risk of gastric cardia adenocarcinoma. In this population-based
case-control study in Shanghai of 1,124 cancers of the cardia (185) and stomach (939), Ji
et al (1997) reported significantly elevated risk for adenocarcinoma of the gastric cardia
of 3.0 (95% CI, 1.7-5.4) for the highest BMI quartile versus the lowest — but the risk was

unique to males only. Zhang and colleagues (2003) studied 330 cases of gastric cardia
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adenocarcinoma, and 258 controls in Northern China, and reported an inverse
relationship between obesity and risk of gastric cardia adenocarcinoma. In another
population based prospective study of 29,584 adults followed for 15 years in Linxian
China, Tran et al (2005) reported on 1,089 cases of gastric cardia malignancy and found
no association between BMI and risk of gastric cardia cancer — Odds Ratio 0.95 (95%CI,
0.8-1.13) for individuals with a BMI > 23 kg/m2 versus < 23 kg/m”. Of note in this study
is the very low socio economic status and poor levels of education reported as well as
median BMIs that are significantly lower than studies in Western countries, possibly

reflecting poor nutritional status in this area of China.

1.3.4 Obesity and Adenocarcinoma of the Gastric Cardia

Obesity has been shown to be a risk factor for adenocarcinoma of the gastric cardia but
the relationship is weaker than that of oesophageal adenocarcinoma (Wu et al, 2001;
Lagergren et al, 1999; Chow et al, 1998; Linblad et al, 2005; Kubo & Corley, 2006).
Meta-analysis of studies examining BMI and risk of adenocarcinoma of the oesophagus
and gastric cardia suggests that the BMI-cancer association is strongest for oesophageal
adenocarcinomas that are >2cm from the gastro-oesophageal junction (Kubo & Corley,
2006) — the risk increases with increasing distance from the gastro-oesophageal junction.
Obesity does not seem to have any role in the pathogenesis of non-cardia gastric

adenocarcinoma (Mc Innis et al, 2006; Linblad et al, 2005).

1.3.5 Obesity and Oesophageal Squamous Cell Carcinoma

The available evidence to date suggests that obesity is inversely related to squamous cell
carcinoma of the oesophagus (Lagergren et al, 1999; Incarbone et al, 2000; Chow et al,
1998) however the mechanisms remain poorly understood but may relate to lower BMI

observed in heavy smokers and drinkers.

1.3.6 Mechanism of Altered Cancer Risk

Despite epidemiological evidence, the precise biological mechanism by which obesity
increases the risk of oesophageal cancer remains unknown. Adipose tissue has long been
considered to be metabolically passive and primarily responsible for energy storage.
However, recent scientific advances have dramatically altered our understanding of the
function of this tissue. Abdominal adipose tissues are metabolically active, secreting a

variety of biologically active substances that are important in the pathogenesis of insulin
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resistance, dyslipidaemia, glucose intolerance, hypertension, hypercoagulable state, and

cardiovascular risk (Ahima & Flier, 2000; Fruhbeck et al 2001).
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Figure 1.2: Fat cells as an endocrine organ

1.3.7 Abnormal Body Composition: Abdominal Adiposity

Crucial to the obesity-cancer risk is the effect of body composition and fat distribution.
Adipocyte anatomy (size), physiology (growth, catecholamine sensitivity, lipolysis,
insulin action), and biochemistry (leptin, plasminogen activator inhibitor-1, cytokines,
rennin-angiotensin system) are reported to be site-specific, highlighting unique roles of
regional adipose tissue depots. It has been shown that among equally overweight or
obese individuals, those characterised by an increase in abdominal fat (waist
circumference >102 cm in males, >88 cm in females) are at increased risk of Type Il
diabetes, Cardiovascular Disease, and certain cancers (Ohlson et al 1985; Rexrode et al,
1998; Macinnis et al, 2006; Giovannucci et al, 1995; Bray, Lancet, 1998). Computerised
Tomography (CT) assessment of visceral adiposity shows that those individuals with an
excess of visceral adipose tissue are characterised by the most substantial adverse
alterations in their metabolic risk profile (Pouliot et al, 1994) (See figure 1.3). Visceral
adipose tissue depots are the most metabolically active and appear to be important for the
pathogenesis of insulin resistance, dyslipidaemia, glucose intolerance, hypertension,
hypercoagulable state, and cardiovascular risk. It is known that for the same BMI, the
distribution of body fat tends to be more visceral than truncal in Caucasians (compared
with African-Americans), and men (compared with women) (Weinsier et al, 2001).

Males deposit fat preferentially in the intra-abdominal region at all ages in contrast to
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females who deposit sub-cutaneous adipose tissue predominantly in youth, and only post
middle age do females tend to deposit intra-abdominal adipose tissue preferentially

(Misra & Vikram et al, 2003).

Visceral Adipose
Tissue

Subcutaneous Adipose Tissue
Figure 1.3: Abdominal CT scan at level of L6 showing deposits of subcutaneous and

visceral adipose tissue

The physiological mechanism linking adiposity to cancer risk may be through alterations
in endogenous hormone metabolism including insulin, bio-available sex steroids,

insulin- like growth factor I (IGF 1) and IGF binding proteins (IGFBPs) (Figure 1.4). A
metabolic consequence of obesity, and specifically the accumulation of intra-abdominal
fat, is the development of insulin resistance, which leads to an increase in secretion of
insulin from the pancreas. Chronically increased insulin concentrations reduce the
synthesis of IGF-binding protein-1 and 2 (IGFBPI1 and 2). As a result, IGFI activity
increases predominantly in the liver, which is the main source of circulating IGF1 and
IGFBPs, and is the only source of sex-hormone binding globulin (SHBG). Insulin and
IGF1 both inhibit the synthesis of SHBG—the major carrier protein for testosterone and
oestradiol in the plasma—and may lead to an increase in the amount of unbound sex-
steroid available for bioactivity. Furthermore, in men and postmenopausal women,
adipose tissue is a major site for the synthesis of oestrogens (oestrone, and oestradiol)
from androgenic precursors. Adiposity also leads to increased peripheral formation of
oestrogen from androgen precursors with higher oestrogen concentrations in men and
postmenopausal women. These changes are important because sex steroids (androgens,
oestrogen, and progesterone) and insulin are known to regulate the balance between
cellular differentiation, proliferation, and apoptosis, and alterations in their metabolism

may favour the selective growth of pre-neoplastic and neoplastic cells (Dickson et al,



1990). Insulin and IGF1 also strongly stimulate cell proliferation, inhibit apoptosis, and

can enhance angiogenesis (Khandwala et al, 2000).
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Figure 1.4: Plausible mechanisms linking central obesity and insulin resistance to
Cancer Development

TNF=tumour necrosis factor, IL=interleukin, FFA=Free Fatty Acids, TAG=Triglyceride, IGF=Insulin
Like Growth factor, IGFBP=Insulin like growth factor binding proteins, SHBP=sex hormone binding
globulins, PAI = Plasminogen activator inhibitor, ROS=reactive oxygen species, BMI=body mass index

1.3.8 Obesity as an Inflammatory condition: Adipocytokines

Recent studies have shown that fat cells exert a number of important endocrine and
immune functions. These are achieved predominantly through release of adipocytokines,
which include several novel and highly active molecules released abundantly by
adipocytes like leptin, resistin, adiponectin as well as some more classical cytokines
released by inflammatory cells infiltrating fat, like Tumour Necrosis Factor alpha (TNF-
a), Interleukin (IL)-1, IL-6, IL-8, IL-10 Monocyte chemoattractant protein 1 (MCP-1),
and macrophage inflammatory protein 1 (MIP 1) (Guzik et al, 2006; Cowey & Hardy,
2006). Adipose tissue expresses pro-inflammatory cytokines such as Interleukin-6,
releases it into circulation (Fried et al, 1998) and is responsible for the production of
about 25% of systemic IL-6 in vivo (Mohamed-Ali-V et al, 1997; Guzik et al, 2006). IL-
6 in turn stimulates acute phase protein production in the liver, inducing a state of low-
grade systemic inflammation in persons with excess body fat (Visser et al, 1999). A

proinflammatory state is recognised by elevated C-reactive protein (CRP) levels and is
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commonly present in people who are centrally obese (Yudkin, 2003). A significant
relationship has been reported between plasma CRP levels and measures of adiposity and

of insulin resistance (Lemieux et al 2001).

1.3.9 Adipokines — Leptin, Resistin and Adiponectin

Fat cells also secrete a number of adipokines. Leptin, a protein produced by adipose
tissue is secreted in proportion to adiposity. Leptin exerts its effects through interaction
with a specific cell membrane localized receptor (Ogunwobi et al, 2006). The effects of
leptin on body weight and peripheral energy expenditure are well described (Friedman et
al, 1998), but it has become apparent that leptin has a plethora of other activities
including the regulation of angiogenesis, wound healing, fertility, immune function, and
renal and lung functions (Sierra-Honigmann et al, 1998; Lord et al, 1998; Tsuchiya et al,
1999). Recent studies have shown that leptin stimulates proliferation of several cancer
cell lines causing growth potentiation in breast, oesophagus, colon and prostate cancer in
vitro (Somasundar et al, 2003). Other studies have demonstrated that leptin can
stimulate proliferation of insulin-secreting tumour cell lines by suppression of apoptosis
(Okuya et al, 2001). Recent research has shown that Barrett’s epithelium and
adenocarcinoma have functional leptin receptors in vivo through which leptin can exert
the biological effects of inhibition of apoptosis, stimulation of proliferation, and
increased COX-2 mRNA. (Ogunwobi et al, 2006). While research is in the very early
stages, both leptin and leptin antagonism may have potential efficacy in cancer therapy

based on cellular origin.

In contrast to Leptin, adiponectin seems to have several beneficial and protective effects
including anti-inflammatory, vasculo-protective and anti-diabetic effects (Guzik et al,
2006). Adiponectin exerts insulin-sensitising effects and levels are decreased in obese
subjects. Adiponectin is inversely related to breast, endometrial and gastric cancer risk
(Ishikawa et al, 2005) by inhibiting inflammation and insulin resistance, both of which
are involved in cancer progression (Cowey & Hardy, 2006). Resistin is another key
adipocytokine that exerts pro-inflammatory effects. It conveys resistance to insulin and
levels are increased in obesity. Release of resistin is stimulated by inflammation, LPS,
I1-6, hyperglycaemia and growth and gonadal hormones — when released within fat tissue

resistin acts on adipocytes themselves leading to insulin resistance (Guzik et al, 2006).
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It is still unclear why adipocytes produce so many pro-inflammatory factors in the obese
condition (Cowey & Hardy, 2006). These cytokines secreted by adipose tissue are
known to promote insulin resistance and increase circulating triglycerides, features of

what has become knows as the Metabolic Syndrome (Shoelson et al, 2006).

1.3.10 Metabolic Syndrome

The combination of metabolic disturbances now known as the metabolic syndrome was
first described by Kylin in the 1920’s as the clustering of hypertension, hyperglycaemia,
and gout. Two decades later, Vague noted that upper body adiposity (android or male-
type obesity) was the type most often associated with the metabolic abnormalities seen
with diabetes and cardiovascular disease (Vague et al, 1947). Over the last 50 years
metabolic syndrome has been referred to as “Syndrome X”, “The deadly quartet”, and
“The insulin resistance syndrome” (Reaven et al, 1988; Kaplan et al, 1989; Haffner et al,
1992). It is now agreed that the well-established term “metabolic syndrome”, remains
the most useful and widely accepted description of this cluster of metabolic
abnormalities, which are related to CVD and predict a high risk of developing diabetes.
General features of the metabolic syndrome include: abnormal body fat distribution,
insulin resistance, atherogenic dyslipidaemia, elevated blood pressure, and a

proinflammatory and prothrombotic state.

Today there are several definitions of the metabolic syndrome. The most widely used
are those produced by the World Health Organisation (WHO), The European group for
the study of insulin resistance (EGIR) and the national cholesterol education programme-
Third adult treatment panel (NCEP ATP III) (WHO 1999; Balkau & Charles 1999;
NCEP 2001). In 2006, the International Diabetes Federation published a consensus
statement on Metabolic syndrome which considered all previous definitions and outlined
a new world-wide set of criteria to define metabolic syndrome (Alberti et al, 2006), see
table 1.2. The new definition differs from the ATP III definition in that it requires
evidence of central obesity for the diagnosis of Metabolic syndrome.

It is estimated that approximately 24% of US adults have the metabolic syndrome
(Moller & Kaufman, 2005). In an Irish cohort of 1018 adults studied by Villegas et al

(2004) the prevalence of metabolic syndrome was 21%.
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Table 1.2: International Diabetes Federation metabolic syndrome world wide

definition

Central Obesity Waist Circumference = 94cm European males, = 80 c¢m
European females plus any two of the following:

Raised Triglycerides 2 1.7mmol/l or specific treatment for this lipid abnormality

Reduced HDL <1.03 mmol/l in males or <1.29mmol/l in females

Raised blood pressure Systolic: 2 130mmHg or Diastolic 285 mmHg or treatment
of previously diagnosed hypertension

Raised Fasting glucose Fasting plasma glucose = 5.6 mmol/l or previously

diagnosed Type II Diabetes.

1.3.11 Metabolic syndrome and Cancer

In addition to cardiovascular disease, individual components of the metabolic syndrome
have been linked to several processes, including insulin resistance, aromatase activity,
adipokine production, angiogenesis, elevated CRP, glucose utilisation, and oxidative
stress/DNA damage, which can work together to increase cancer risk beyond that of the
individual components alone (Cowey and Hardy, 2006). While there are many studies
showing an independent correlation between a single risk factor of the metabolic
syndrome and cancer, recent epidemiological evidence has emerged indicating the
clustering of the components of the metabolic syndrome increases the risk of colorectal
cancer mortality compared with the individual components alone (Colangelo et al, 2002;
Trevisan et al, 2001). There are currently no studies in the literature addressing

metabolic syndrome and upper GI cancers.

1.3.12 Pathophysiological Mechanisms whereby Metabolic Syndrome/Central Obesity

promotes Oesophageal Cancer development

i3 128] Obesity and GORD
Central or android adiposity may increase GORD (La Vecchia et al, 2002; Rigaud et al,
1995). Obese subjects compared with non-obese subjects have elevated intra-abdominal

and intra-gastric pressures (Barak et al, 2002, El Serag et al, 2005), an increase of
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transient relaxations of the lower oesophageal sphincter (O Brien 1980; Orlando 2001),
slower oesophageal transit and abnormal diaphragmatic pinchcock and phreno-
oesophageal membrane anatomy (Mathys-Vliegen & Tygat, 1996). Obese individuals
are over four times more likely than lean individuals to have a hiatus hernia (HH), and
have an overall prevalence of HH of 40% versus 12.6% for the general population

(Wilson et al, 1999).

There are numerous studies supporting a positive association between obesity and
GORD (Locke et al, 1999; Murray et al 2003; Nilsson et al, 2003; Delgado-Aros et al,
2004; Nandurkar et al, 2004; Diaz-Rubio et al, 2004; Wilson et al, 1999; Chang et al,
1997; Ruhl & Everhart, 1999; Jacobson et 1, 2006). Moreover the relationship between
obesity and GOR symptoms remains significant when other factors such as presence of
HH, smoking, race, gender, family history of GORD, or dietary fat intake are controlled
for (Wilson et al, 1999; El-Serag et al, 2005; Jacobson et al, 2006; Nandurkar et al, 2004;
Hampel et al, 2005).

A recent meta-analysis of obesity and gastro-oesophageal reflux disease showed that six
out of 9 studies found significant associations between BMI and GORD symptoms
(Hampel et al, 2005). There was a trend towards a dose-response relationship, with an
increase in the pooled adjusted odds ratios for GORD symptoms of 1.43 (95% CI, 1.158
to 1.774) for BMI of 25 kg/m2 to 30 kg/mz, and 1.94 (CI, 1.468 to 2.566) for BMI greater
than 30 kg/mz. Six out of 7 studies found significant associations with erosive
oesophagitis. The pooled adjusted odds ratio for erosive oesophagitis for BMI of 25
kg/m2 or higher was 1.76 (CI, 1.156 to 2.677; p=0.0004). The effect of BMI on GORD-
related disorders was independent of dietary intake (Hampel et al, 2005).

In a re-analysis of Swedish nationwide case control data, Lagergren (2000) estimated the
number of endoscopies needed to identify one oesophageal or cardia adenocarcinoma in
people with various combinations of both obesity and reflux. Risk of oesophageal
adenocarcinoma increased dose dependently with increasing BMI and reflux severity.
The risks combined in a multiplicative manner. Among obese people (BMI >30 kg/m?)
with reflux symptoms, the odds ratio was 184 (95% CI 36 to 949) for oesophageal

adenocarcinoma compared with lean people (BMI <22 kg/mz) without reflux.
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Interestingly, the link between body mass and reflux is much stronger in women than in
men, at least in the studies that did sex-specific analysis (Nilsson et al, 2003; Nilsson et
al, 2002; Lagergren et al, 2000), and the association is augmented by high exposure to
oestrogen suggesting a potential role for hormonal factors related to adiposity in the
pathogenesis of GORD (Jacobson et al, 2006). In a study of 10,545 women, BMI had a
greater association with symptoms of GORD than waist to hip ratio, suggesting that risk
of symptoms of GOR rises more with the percentage body fat, than with the distribution
of body fat.

Chronic GOR in combination with adverse metabolic effects of adipokines are likely to
play a crucial role in oesophageal carcinogenesis. However further work is needed to
establish the link between obesity, reflux, and oesophageal adenocarcinoma, and, in
particular, the potential pro-inflammatory and pro-tumorigenic pathways facilitated
through the altered immunological, metabolic and endocrine milieu in obesity, in

particular male obesity.

159122 Obesity and Barrett’s Oesophagus
The association between obesity and the presence and length of Barrett’s oesophagus has
been largely un-investigated (Stein et al, 2005). Furthermore the effect of body fat

distribution on the risk of Barrett’s Oesophagus is not well known.

In a retrospective cross sectional study of 65 cases of Barrett’s oesophagus cases and 385
non-cases without Barrett’s oesophagus 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 Barrett’s Oesophagus and 261
matched controls Smith et al (2005) 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). This finding suggests that obesity plays a further role in the development

of BO, over and above it’s role in promoting acid reflux.

The first study to examine the role of body fat distribution and the risk of BO was carried
out by El-Serag et al (2005). This was a retrospective case-control study of 36 BO cases

and 93 controls that underwent abdominal CT scan where the surface of visceral adipose
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tissue (VAT) and subcutaneous adipose tissue (SAT) at the level of inter-vertebral disc
between 14 and L5 were calculated. This study found that a greater BMI was a
significant risk factor for BO but VAT was an even stronger independent risk factor for
BO. Visceral fat is recognised as metabolically active, and has been strongly associated
with elevated serum levels of several pro-inflammatory cytokines (adipocytokines)
including interleukin-6 and tumour necrosis factor-o (Xu et al, 2003; Cannon et al, 1993;
Weinsier et al, 2001). The latter two cytokines have been shown in multiple studies to
be over-expressed in erosive oesophagitis and Barrett’s Oesophagus (El-Serag, et al,
2005).

It has been postulated that the effects of increased BMI are largely manifested early in
the pathogenesis of oesophageal adenocarcinoma, that is in the development of the
specialised intestinal metaplasia that characterizes Barrett’s oesophagus (Vaughan at al,
2002), possibly by increasing the risk of developing a Hiatus hernia, with resulting
increased frequency and severity of reflux (Wilson et al, 1999). In contrast central
obesity may be more important later in the pathogenesis, that is, in the development of
cell cycle and genetic abnormalities that mark the progression of Barrett’s oesophagus
towards cancer (Vaughan et al, 2002). This might occur through alterations in growth
factors, hormones or other metabolic factors that affect regulation of cell growth. It is
possible that the metabolic consequences of central obesity also include accelerated rates
of division and proliferation of Barrett’s epithelium (Vaughan et al, 2002). A recent
study demonstrated increasing risk for cell-cycle (aneuploidy) and genetic abnormalities
(17p loss) in Barrett’s oesophagus with increasing waist: hip ratio, supporting the notion
that distribution of body fat (central obesity) may be more important than BMI (Vaughan
et al, 2002).

There are currently no studies in the scientific literature describing obesity related
metabolic abnormalities, namely the metabolic syndrome and their association with
Barrett’s oesophagus. It is likely that obesity and lifestyle factors interact to modulate
individual susceptibility for progression to oesophageal adenocarcinoma in patients with
severe GORD and Barrett’s oesophagus (Veugelers et al, 2006); however these factors

remain poorly understood and demand further investigation.
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1.4  PRESENTATION, DIAGNOSIS & MANAGEMENT OF UPPER GI
MALIGNANCY

1.4.1 Presentation of Upper GI cancer

Progressive dysphagia (difficulty swallowing) or odynophagia (pain on swallowing food
and liquids) are the most common presenting symptoms in oesophageal cancer (Enzinger
& Mayer, 2003; Layke & Lopez, 2006). These symptoms are usually present for several
months before medical treatment is sought. Patients can also present with un-intentional
weight loss which often tends to be greater than 10% of body mass. Later signs and
symptoms include chest or back pain when swallowing, supra-clavicular adenopathy,
persistent sub-sternal chest pain unrelated to swallowing, sudden onset of hiccups, or

severe dyspepsia (Layke & Lopez, 2006).

1.4.2 Diagnosis and Staging of Oesophageal Cancer

The diagnostic evaluations of oesophageal adenocarcinoma and SCC are identical —
patients initially undergo a barium swallow, endoscopy and biopsy. Once a tumour is
identified and the histopathology is established, evaluation of the extent of invasion is
necessary for staging and selecting appropriate treatment options. This work-up includes
computed tomography (CT) of the neck, thorax and abdomen, and '*-F-deoxyglucose
Positron Emission Tomography (PET) scanning (a recent development in imaging which
allows for more accurate staging - in particular in identifying suitable potential operable
tumours). Using CT and PET imaging, mediastinal and left gastric nodes can be
classified as N; (invaded) if the maximal transverse diameter of these nodes are larger
than 1 cm. Resectable disease is often defined as T;.3, No.;. Tumours at the oesophago-
gastric junction can be further classified as Type I, II or III, as per Siewert et al (1998):
Type I is adenocarcinoma of the distal oesophagus, usually arising in specialised
intestinal metaplasia; Type II is a true adenocarcinoma of the cardia arising immediately
at the oesophago-gastric junction; and Type III is a subcardial gastric carcinoma
infiltrating the oesophago-gastric junction and distal oesophagus from below.

For patients being considered for surgery it is necessary to evaluate pulmonary function
by Pulmonary Function Tests (PFTs) and chest X-ray; cardiac function by ECG or
ECHO in those with cardiovascular disease, and blood tests to assess liver and renal
function as well as blood count to rule out anaemia. Additional investigations may

include endoscopic ultrasound of the oesophagus, or staging laparoscopy.
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1.4.3 Management of Localised Oesophageal Cancer
Treatment options for localised oesophageal cancer include surgery, chemotherapy, and

radiation therapy. These therapies can be used individually or in combination.

1.4.4 Surgery

Localised oesophageal cancer is most commonly resected with the use of either a right
transthoracic or a transhiatial approach (Enzinger & Mayer, 2003). The right
transthoracic approach combines a laparotomy and a right-sided thoracotomy, leading to
an oesophago-gastric anastamosis either in the upper chest (2-stage oesophagectomy), or
in the neck (3-stage oesophagectomy). The transhiatial approach avoids a thoracotomy
and uses a laparotomy with blunt dissection of the thoracic oesophagus and places the

anastamosis in the neck (Cunningham et al, 2005).

Oesophagectomy carries a very significant risk of postoperative morbidity and mortality.
Earlam and Cunho-Melo (1980) reported an overall mortality rate of 29% from papers
published between 1960 and 1979, and Muller (1990) reported a postoperative mortality
rate of 13% from papers published between 1980-1988. In a review by Jamieson et al
(2004) of 70,756 patients covering the period 1990-2000, the reported mortality rate was
6.7 per cent. Bailey et al (2003) reviewed 1,777 patients with oesophageal cancer who
underwent resection at 109 Veterans Affairs hospitals between 1991 and 2000, and
reported an approximate 50% major morbidity rate, and 10% mortality rate. In the
United Kingdom, McCullogh et al (2003) reported a 14% in-hospital mortality rate from

a multi-centre review of 365 patients.

1.4.5 Post Operative Complications

The high morbidity rates observed following oesophagectomy reflect the profound
changes in the endocrine, neuroendocrine and immune system as well as significant
changes in organ function that occur following this type of operation (Desborough,
2000). In fact, recent literature has highlighted the unassailable fact that there is no
common elective surgical procedure that carries the same operative risks (Van Lanschot

et al, 2001; Begg et al, 1998).

The insult of oesophagectomy sets in motion a systemic pro-inflammatory host immune
response which is then followed by a counter-inflammatory reaction, that may leave the

patient highly susceptible to opportunistic infections and subsequent infections. These

31



two responses are referred to respectively as the systemic inflammatory response
syndrome (SIRS) and the compensatory anti-inflammatory response syndrome (CARS).
The latter syndrome is a cytokine antagonist cascade, which results in an
immunosuppressed and/or lymphopenic state and has been recognized for over 40 years.
The balance between pro-and anti-inflammatory responses is frequently lost (Muller

Kobold AC et al, 2000; Windsor ACJ et al, 1995).

1.4.6 Pro Inflammatory Response to surgery

The pro-inflammatory response to surgery is characterised by a number of hormonal
changes initiated by neuronal activation of the hypothalamic-pituitary-adrenal axis
(Desborough, 2000). Principle endocrine changes that occur in response to surgery
include increased secretion of Growth Hormone, Thyroid Stimulating Hormone, adreno-
corticotrophic hormone (corticotrophin), arginine vasopressin, cortisol, aldosterone; and

a decrease in the production of insulin, glucagons and thyroxine.

The net effect of the endocrine response to surgery is an increased secretion of catabolic
hormones resulting in catabolism of carbohydrates, fat and protein. The usual
mechanisms that maintain glucose homeostatsis are ineffective in the perioperative
period. Hyperglycaemia persists because catabolic hormones such as cortisol and
catecholamines stimulate hepatic glycogenolysis and glyconeogenesis. In addition
peripheral use of glucose is decreased, a situation further hampered by post operative
lack of insulin as well as insulin-resistance. Protein catabolism is also stimulated by
cortisol leading to the breakdown of skeletal muscle and often resulting in marked
weight loss and muscle wasting. Breakdown of body fat stores also occurs in response
to cortisol, catecholamines and growth hormone as well as a relative lack of insulin. The
net result of protein and fat breakdown is the release of amino acids and triglyceride
respectively which are used as substrates for gluconeogenesis, or provide substrates for

the production of acute phase proteins in the liver.

1.4.6.1 Acute Phase Proteins

The molecules collectively referred to as acute phase proteins are one of the three main
soluble components of the innate immune system. An acute-phase protein has been
defined as one whose plasma concentration increases (positive acute-phase proteins) or
decreases (negative acute-phase proteins) by at least 25 percent during inflammatory

disorders (Gaby et al, 1999). C-reactive protein (CRP) was the first acute phase protein
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to be described, as early as 1930, and is an exquisitely sensitive systemic marker of
inflammation and tissue damage (Pepys & Hirschfield, 2003; Tillet & Francis, 1930).
Other acute phase proteins include serum amyloid A, proteinase inhibitors and

coagulation proteins (Delves & Roitt 2000).

1.4.6.2 C-reactive protein

CRP is a member of an old and stable family of plasma proteins, the pentraxin family,
the other main member of which is serum amyloid A. The normal plasma CRP
concentration in healthy adults is <0.8 mg/l, the 90th centile is 3.0 mg/l and the 99th
centile is 10mg/1 (Shine B et al, 1981). It is produced by hepatocytes, and its production
is regulated by IL-6. Synthesis occurs rapidly following stimulus — serum concentrations
rise after 6 hours and can peak at 48 hours; the half-life is approximately 19 hours,
plasma concentrations will therefore fall rapidly after cessation of the stimulus (Vigushin
et al, 1993). In most, though not all, diseases, the circulating value of CRP reflects
ongoing inflammation and/or tissue damage much more accurately than do other
laboratory parameters of the acute-phase response, such as the erythrocyte sedimentation
rate (ESR). Importantly, there is no diurnal or post-prandial variation, and while liver
failure impairs production, no other pathologies and few drugs affect CRP values, unless
they also affect the underlying cause of the CRP elevation. CRP is therefore useful as a
screening tool for organic pathology, as a marker to monitor disease progression or

response to treatment.

1.4.6.3 Cytokines

Cytokines also have a major role to play in the inflammatory response to surgery and
trauma. They are a group of low-molecular weight proteins, which include the
interleukins and interferons. They are produced from activated leucocytes, fibroblasts
and endothelial cells as an early response to tissue injury and have a major role in
mediating immunity and inflammation (Sheeran & Hall, 1997; Blok et al, 1996).
Cytokines have local effects of mediating and maintaining the inflammatory response to
tissue injury, and also initiate some of the systemic responses such as the acute phase
response (Desborough, 2000). After major surgery the major cytokines released are
interleukin-1 (IL-1), tumour necrosis factor-o. (TNF-a), both of which are released from
activated macophages and monocytes in damaged tissue, which in turn stimulates the
production and release of further cytokines, in particular interleukin-6 (IL-6), the main

cytokine responsible for the acute phase response. The acute phase response is
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characterised by fever, production of acute phase proteins in the liver (C-Reactive
Protein, fibrinogen, Q;-macroglobulin, serum amyloid A), changes in serum
concentrations of transport proteins (decrease in transferrin, albumin and @-
macroglobulin, increase in ceruloplasmin), and granulocytosis. The early phases of the
acute phase response are local and serve to check bleeding, to demarcate damaged
tissues and to recruit cells for the subsequent reparative phase, which requires a systemic
response (Blok et al, 1996). This second, systemic phase involves fever, anorexia,
leukocytosis and metabolic changes that include an increased flow of amino acids from
muscle to liver and a rearrangement of the pattern of protein synthesis in the liver:
albumin production decreases and acute phase proteins such as fibrinogen, C-reactive
protein and serum amyloid A are synthesised. Their appearance in plasma contributes to

elevated erythrocyte sedimentation rate (Blok et al, 1996).

1.4.6.4 Negative Acute Phase Proteins

The release of pro-inflammatory mediators causes endothelial dysfunction with severe
capillary leakage, massive loss of protein, and fluid shift from the intravascular space
into the interstitium. Serum albumin levels decrease in acute illness and injury, as the
liver reprioritizes protein synthesis from visceral proteins to acute phase reactant
proteins, hypoalbuminaemia thus acts as a marker of underlying systemic disease and is
referred to as a ‘negative acute phase protein’(Soeters et al, 1990; Spanga et al, 1985;
Dowd & Heatly 1984). Albumin decreases rapidly in critically ill/surgical patients. This
is a result of a combination of factors including haemodilution during fluid resuscitation,
and capillary leakage into the interstitial space. The degree of capillary hyper-
permeability is proportional to the inflammatory response mounted by the patient, and
therefore those with the greatest rate of vascular permeability are associated with the
highest mortality. The development and degree of hypoalbuminaemia thus relates to the
severity of the underlying traumatic insult and therefore to the ultimate outcome. A
reduction in the serum albumin has also been positively associated with impaired
immunological function and a reduction in the resistance to post-operative nosocomial
infections (Schwartz et al, 2000; Rey-Ferro et al, 1997; Bone et al, 1992; Gibbs et al,
1999).
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Table 1.3: Cytokines and their functions

Cytokine Source Major Function
IL-1 Monocytes Production of Acute Phase Proteins,
Fever, Activates T, B and NK Cells
IL-2 CD4+ T-Cells T Cell growth, differentiation & activation,
B Cell growth, activates monocytes, neutrophils
& NK cells
IL-3 T & NK Cells, Growth factor for haemopoetic cells
Mast Cells
IL-4 CD4+ T cells Growth factor Ty2 CD4+ Cells,
Mast cells B cell growth & stimulation
Promotes IgG & IgE synthesis
IL-6 T & B cells B-cell stimulation, T-Cell activation & IL-2
production, production of acute phase
proteins, hemopoetic cell growth
IL-8 T Cells, monocytes, Chemotaxis, activation of leucocytes
Endothelial cells
IL-9 T cells T cell & mast cell growth & proliferation
IL-10 Ty2 Cells, Inhibition of cytokine production of Tyl Cells
Macrophages & macrophages. B-cell stimulation
IL-12 B cells & Activates NK cells, promotes generation of
Macrophages Tul Cells
TNF-a Monocytes Cell proliferation & apoptosis enhances cytolytic
activity of NK Cells
TNF-B Lymphocytes Growth & differentiation of numerous cells
INF-a Lymphocytes Regulates class I MHC expression,
Monocytes Induces viral resistance
INF-y T & NK cells Activates macrophages, B & T-cells, NK Cells.
IL=Interleukin, INF=Interferon, NK=Natural killer, MHC=Major Histo-compatibility Complex,

TNF=Tumour Necrosis Factor
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1.4.7 Anti-Inflammatory response

In order to restore homeostasis it is important to mount an anti-inflammatory response by
the release of anti-inflammatory mediators such as IL-10, production of cytokine
receptor antagonists, secretion of glucocorticoids and down regulation of nuclear factor
kappa B activation by enhancement of antioxidants defences. However, the balance
between pro-and anti-inflammatory responses to major trauma is frequently lost (Muller
Kobold et al, 2000; Windsor et al, 1995). In a subset of patients, overwhelming stress
response can leads to the systemic inflammatory response syndrome (SIRS) which is
often associated with adverse outcomes such as organ dysfunction and failure (Fogler &

Lindsey, 1998; Pepys & Hirschfield, 2003; Karaylannakis et al, 1997).
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Figure 1.5: Operative trauma: Two hit model of SIRS, sepsis, and Multiple organ

failure

1.4.8 Systemic Inflammatory Response Syndrome (SIRS)

The SIRS response is manifested by two or more of the following conditions:
Temperature > 38°C or <36°C ; Heart rate >90 beats per minute ; Respiratory rate >20
breaths per minute or PaCO2 <32 mmHg; White blood cell count >12,000mm’,
<4,000mm’ or >10% immature (band) forms (Bone et al, 1992). SIRS can also arise
during sepsis - the clinical syndrome of systemic inflammation resulting from invasive
infection. It is now understood that a similar or identical response can arise in response
to other stimuli, such as trauma and pancreatitis, in the absence of infection. The
American College of Chest Physicians and the Society of Critical Care Medicine have

since defined this clinical immune response as systemic inflammatory response
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syndrome (SIRS), independent of its cause. SIRS therefore is defined as a clinical
syndrome whose differential diagnosis includes infection as well as a number of non-

infectious causes (Bone et al, 1992; Nathens et al, 1996; Rangel-Frausto et al, 1995).

SIRS can lead to multiple organ dysfunction syndrome (MODS) - a condition that has
become recognized in the last three decades as a major cause of surgical morbidity and
mortality. It is estimated that it is responsible for 50-80% of all surgical intensive care
deaths (Deitch, 1992; Moore et al, 1996). The detection of altered organ function in the
acutely ill patient is termed multiple organ dysfunction syndrome (MODS) and this is the
more severe end of the spectrum of severity of illness in SIRS/sepsis. This may develop
as the immediate result of trauma (primary) or as a consequence of the host response
(secondary). Secondary MODS therefore usually develops some time after the initial
insult to the body. MODS has become recognized as a leading cause of death in trauma
and post-operative patients. Although infection/sepsis is a major course of MODS, the
syndrome can develop as a result of SIRS in the absence of infection in up to 50% of
cases. Despite the high percentage of ICU deaths attributable to this condition, much of
our treatment to date remains supportive and research is ongoing to understand the
pathophysiology of this condition. Like sepsis and SIRS, it is not clear that MODS is a
distinct clinical syndrome, but it does provide a convenient framework for describing
morbidity in critical illness. Whatever the initial cause, the progress of MODS is
generally uniform, commencing with the lungs and then followed by hepatic, intestinal
and renal failure, usually in that order. Coagulopathies and myocardial failure may also

occur (Deitch, 1992; Nathens et al, 1996; Tilney et al, 1973).

As MODS usually develops in organs unrelated to the initial disease, it is hypothesized
that MODS is a systemic process, caused by disruption of normal homeostatic
mechanisms in the immune system. This can be caused by a number of mechanisms,
infection being the most readily recognized. Trauma, pancreatitis or shock can also
induce SIRS and MODS. There are a number of interrelated hypothesis as to why SIRS
develops, but it is clear that cytokines and other mediators produced by the immune
system in response to infection or major surgery can cause the inflammatory response
seen in SIRS (Deitch, 1992; Goris, 1996; Rixen et al, 1996; Saadia et al, 1996). SIRS
and MODS are of significant prognostic value in determining oucomes following
oesophageal surgery and to date no treatments, except supportive care, have been shown

to reverse these conditions should they arise.
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1.4.9 Multimodal Treatment of Oesophageal Cancer

Despite the fact that surgical resection remains the standard of care for most oesophageal
surgeons, even with en-bloc resections and with radical 2 or 3 field lymphadenectomy,
3-year survival rarely exceeds 40 per cent (Siewert et al, 2001; Altorki et al, 2002; Lerut
ctival 11999): The disappointing outcomes from surgery alone have resulted in
considerable interest in multimodal approaches, either neoadjuvant chemotherapy alone
or combined with radiation therapy (Enzinger & Mayer, 2003). However, the

interpretation of randomized clinical trials to date is controversial.

The concept of giving pre-operative chemotherapy, combined with radiation therapy
emerged in the 1990’s in an attempt to down-stage tumours or preferably achieve a
complete pathological response to treatment i.e. no tumour seen on final pathology
specimen post oesophagectomy. The regime uses the radio-sensitising effects of
chemotherapy to reduce tumour size and maximise local control (Herskovic et al, 1992;
Gebski et al, 2007). However, analysis of trials of combination chemotherapy and
radiation therapy prior to surgery (Nygard et al, 1992; Le Prise et al, 1994; Walsh et al,
1996; Bosset et al, 1997; Urba et al, 2001; Law et al, 1998; Burmeister et al, 2005), is
difficult for several reasons: few studies appear adequately powered with over 200
patients; there is a mix of pathologic types: adenocarcinoma and squamous cell cancer,
the total dose of radiation therapy administered, and treatment fractions, is different

across trials; and limited cross-sectional imaging in preoperative staging in some trials.

Despite these problems, a recent meta-analysis of 10 randomised controlled trials of
chemo-radiotherapy versus surgery alone, incorporating 1,209 patients showed a survival
benefit for the neoadjuvant arm — the Hazard Ratio for mortality was 0.81 (95%ClI, 0.7-
0.93, p=0.002) corresponding to a 13% absolute difference in survival at 2 years (Gebski
et al, 2007). Neo-adjuvant chemotherapy prior to surgery showed benefits across both

histological subtypes — SCC and adenocarcinoma.

1.4.9.1 Neoadjuvant Chemo-radiotherapy and post-operative complications

However despite the survival advantage shown in this meta-analysis concerns have been
expressed that neoadjuvant chemoradiotherapy prior to surgery increases post-operative
complications (Reynolds et al, 2006; Bailey et al, 2003; Bosset et al, 1997). This added
operative risk of multimodal therapy has received little direct attention in the literature.

Bailey et al (2003) in a study of 1,777 oesophagectomy cases carried out at 109 Veterans
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Affairs Hospitals reported that neoadjuvant therapy was independently associated with
perioperative mortality. In a recent meta-analysis of randomized controlled trials, Fiocia
et al (2004) reported increased postoperative mortality; 6% for patients treated with
surgery alone versus 12% for patients treated with multimodal therapy (odds ratio 2.1, CI
1.18-3.7, p=0.001). In a study of adenocarcinoma patients only, Walsh and associates
(1996) found an increase in perioperative mortality (10.7 versus 3.7%) in the multimodal
group, and Nygaard et al (1992) observed a 1.8 fold (24% versus 13%) increase in the
multimodal group. The short term postoperative risk of multimodal therapy was
highlighted in the multi-centre randomized controlled trial in France of Bosset and co-
workers (1997). In an adequately powered study of 297 patients with oesophageal
squamous cell cancer, this group reported that 17 of 138 patients with multimodal
therapy died after surgery, compared with 5 of 137 in the surgery only group, and this
difference was due to respiratory failure and mediastinal infection. This study was
criticized for larger fractions of radiation, with a fractional dose of 3.7-Gy compared
with 1.8-2.67Gy per fraction in other trials. The best surgical outcomes in multimodal
regimens was achieved in a small randomized trial of Urba et al (2001), who used a
hyperfractionated regimen, with 1.67 Gy per fraction, and just one of 47 patients died
following transhiatial oesophagectomy. The fractional dose administered in this study
was 2 to 2.67Gy, and no significant pattern of difference has emerged between these two

regimens.

Normal tissue radiation response is a dynamic process involving inflammatory
responses, tissue repair processes, altered cell-cell communication, changes in cytokines,
and radiation fibrosis (Lee et al, 2003) The genetic characteristics of the host, moreover,
can impact on the radiation response. It is impossible to spare the lung from preoperative
treatment planning, but whether idiopathic ARDS or respiratory failure, relates to
priming or sensitizing of immunoinflammatory cells in the lung to the further effect of
one-lung anaesthesia and the trauma of surgery, or acts through alternate mechanisms,
requires further study. The role of the immunosuppressive effect of chemotherapy is
unclear. Heidecke et al (2002) reported defective proliferation of T cells after
chemoradiotherapy, when compared to patients undergoing oesophagectomy alone.
Whether neutrophils, lymphocytes and other cells actually function normally in the blood
following multimodality therapy, lungs and other tissues remains unknown (Reynolds et
al, 2006)
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Notwithstanding the controversy whether oncologic benefit accrues from multimodal
regimens, informed decision-making requires better information on other end-points,
including quality of life outcomes, toxicity of neoadjuvant regimens, and operative
complications. Intuitively, the administration of chemotherapy and radiation therapy
prior to major surgery presents an added challenge, both through treatment-related

immunosuppression and direct tissue toxicity from radiation.
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1.5 EFFECT OF UPPER GI MALIGNANCY ON NUTRITIONAL STATUS

1.5.1 Malnutrition and cancer

Malnutrition is common in patients with cancer. Estimated prevalence rates vary
according to tumour site, disease stage, the type of treatment used and the methods used
to identify malnutrition (Elia et al, 2006) and can range from 9% in urological cancers, to
46% in lung cancer, and up to 85% in pancreatic, gastric and oesophageal cancer
(Stratton et al, 2003; Von Meynfeldt, 2005). During the course of the disease, weight
loss greater than 10% of pre-illness body weight may occur in up to 45% of all affected

patients (Stratton et al, 2003).

1.5.2 Malnutrition in Upper GI cancer

Weight loss is a common feature in Upper GI malignancy (Chate, 2006) and can be
caused by reduced food intake secondary to a number of factors including: systemic
effects of the disease (e.g. anorexia, hyper metabolism, nausea, vomiting, alterations in
taste and smell, pain); local effects of the tumour (e.g. dysphagia, odynophagia, early
satiety); psychological factors (e.g. fear, depression, and anxiety) and the side effects of
treatment (Fearon, 2001a, Grant & Kravitis, 2000; Mutlu, 2000; Nitenberg & Raynard,
2000; Rivadeneira et al, 1998; Ravasco et al, 2003).

Malnutrition in cancer patients has been shown to adversely affect quality of life, reduce
the effectiveness of chemotherapy (Andreyev et al, 1998; Langer et al 2001; Persson &
Glimelius, 2002), increase the risk of chemotherapy-induced toxicity, reduce
performance status, increase the risk of post-operative complications, and reduce overall
survival (Andreyev et al, 1998; Bauer et al, 2002; Brauanschweig et al, 2000; Dickson et
al, 1999; Iida et al, 1999; Jagoe et al, 2001; Rey-Ferro et al, 1997; Van Cutsem &
Arends, 2005). In addition, nutrient deficits have specific adverse effects on immune
competence, including decreased lymphocyte response to mitogens, impaired cell-
mediated immunity, phagocytic dysfunction, impaired inflammatory response, and

impaired cytotoxic T-cell activity (Langer et al, 2001).

1.5.3 Changing Profile of Malnutrition in Cancer Patients
Despite the well know affects of malnutrition on clinical outcome, diagnosing
malnutrition has become increasingly difficult as the nutritional profile of surgical

oncology patients has changed over the past 15 years. While studies in the early 1990’s
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reported incidences of malnutrition of 40% on admission to hospital (McWhirter &
Pennington, 1994), more recent studies in British and Irish hospitals (Harrison et al,
1997; Corish et al, 2000; Edington et al, 2000) have reported incidence rates between 6%
and 20%. Surgeons are now seeing an alarming increase the prevalence of overweight
and obese hospitalised patients, estimated to be between 35 - 40% (Choban &
Flanchbaum, 2000).

The term ‘malnutrition’ therefore no longer applies to only those underweight but also to

those over nourished. Table 1.4 lists factors to identify malnutrition.

Identification of Undernutrition Identification of Over-nutrition

* Low BMI: <16 kg/m” = severely malnourished High BMI: >30kg/m’ obese
16-19 kg/m” = underweight > 40kg/m” morbidly obese
<24 kg/m®  in elderly”

e  Significant and/or rapid weight loss:
>5% usual weight in 1 month,
ALSO : >7.5% usual weight in 3 months
>10% usual weight 6 months
¢ Evidence of depletion of muscle mass
¢ Evidence of poor nutritional intake

Table 1.4: Identification of malnutrition, over- and under- nutrition

While BMI of <20 kg/m2 is generally used to detect risk of under-nutrition related
complications, BMI <24 kg/m? has been proposed as the cut off point that should be used
for older patients (Beck & Ovessen, 1998). A high BMI also carries significant operative
risks (see table 1.5).

Consequences of Under-nutrition | Consequences of Over-nutrition

* Longer operative times

e Immune dysfunction e  Abnormal cardiorespiratory function

e Decreased respiratory muscle strength ® Metabolic derangements

® Impaired wound healing *  Abnormal haemostasis

e Impaired gut barrier function * Impairments of immunity

®  Muscle wasting leading to decreased ® Higher incidence of post operative

functional ability complications — wound dehiscence,

® Increased length of hospital stay nosocomial infections, respiratory

e Death complications, delayed cardiac recuperation
e  Higher peri-operative weight loss

Table 1.5: Consequences of under- and over nutrition

With the secular increase in BMI in both the general population and hospitalised

population, it has been suggested that the thresholds for classifying patients as
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undernourished need to be reviewed. Recent weight loss and functional status may be
more appropriate variables to use in the evaluation of nutritional status on admission to
hospital than BMI alone (Harrison, 1997). The relationship between percentage weight
loss and reductions in organ function, immune status, wound healing and muscle strength

have been well described (Allison, 1992).

The degree of weight loss believed to be clinically significant was first described by
Blackburn et al (1977), see table 1.6. Clinically significant changes begin to appear with
rapid weight loss in association with disease at somewhere between 5 and 10% loss of
usual body weight (Kinney et al, 1988). Unintentional weight loss greater than 10%
within the previous 6 months is a good prognostic indicator of poor outcome (Klein et al,
1997). In fact, the rate and timing of weight loss is postulated to be a more important
predictor for the development of post-operative complications than the underlying

diagnosis (Detsky et al, 1987b).

Duration Clinically significant Clinically Severe
weight loss weight loss

1 week 1-2% >2%

1 month 5% >5%

3 months 7.5% >7.5%

6 months 10% >10%

Table 1.6: Influence of time-span on the severity of weight loss (adapted from
Blackburn et al, 1977).

Obese patients should be assessed using the same approach as non-obese patients
(Choban & Flanchbaum, 2000). An involuntary recent weight loss is concerning in the
obese population and may indicate a loss of lean body mass, placing these individuals at
increased risk for complications related to infection and healing because of malnutrition
(Choban & Flanchbaum, 2000). The odds of complications are significantly greater for
patients who decline nutritionally regardless of nutritional status on admission, versus

patients who do not decline in nutritional status (Braunschweig et al, 2000).
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1.5.4 Pathophysiology of cancer-associated malnutrition and cachexia

In a subset of cancer patients malnutrition arises as a result of alterations in metabolism
as a direct consequence of malignant cells. Profound weight loss can occur and has been
referred to as “Cancer Cachexia”. Several factors have been implicated in the
pathogenesis of cancer cachexia, including those derived from the tumour and those
produced as a result of the host response to the tumour, including hormones and

mediators of inflammation.
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Figure 1.6: Pathophysiology of cancer cachexia (adapted from Barber et al, 2000)

The presence of abnormal, rapidly proliferating cancer cells can induce an inflammatory
immune response, which is thought to start early in the disease and may contribute to the
development of malnutrition (Argiles et al, 2003). Release of acute phase proteins is
associated with hypermetabolism, accelerated weight loss (Falconer et al, 1994; Staal-
van den Brekel et al, 1995) and poor survival (Blay et al, 1992; Falconer et al, 1995) in
patients with advanced cancer, forming part of the innate immune response to tumours.

This immune response can result in chronic inflammation.

The presence and magnitude of a systemic inflammatory response has been correlated
with poor outcome and survival in some patients with cancer (Mc Millan et al, 2001;
Caruse et al, 2004). The inflammatory cytokines interleukin (IL)-1, IL-6, tumour
necrosis factor (TNF)-a and interferon (IFN)-y can promote angiogenesis and tumour

growth and survival (Robinson and Coussens, 2005), and also alter nutrient metabolism:

44



there is an increasing amount of evidence to support a role for chronic production of
these factors in the pathogenesis of cancer-associated malnutrition (Espat et al, 1994;
Espat et al, 1995; Strassmann and Kambayashi, 1995). Inflammatory cytokines,
particularly IL-1, may also act centrally and induce anorexia (Plata-Salaman, 2000), thus
reducing nutritional intake. Although an exclusive role for any single cytokine in cancer-
associated malnutrition has not been defined, there is growing acceptance that the host

inflammatory response to a tumour supports the progression to cachexia.

It has also been suggested that altered hormone levels have a role in cancer-associated
malnutrition. An increase in the ratio of catabolic to anabolic hormones has been
described, resulting in elevated catabolism, and failure to accumulate lean body mass,

even when nutritional intake is normal (Knapp et al., 1991; Huang et al., 2005).

Tumour-derived catabolic factors have also been implicated in the pathogenesis of
cancer-associated malnutrition (Argilés et al., 2003a). Lipid-mobilising factor (LMF) and
proteolysis-inducing factor (PIF) have recently been isolated from cachexia-inducing
tumours (Todorov et al., 1996) and from the urine of malnourished patients with cancer
(Groundwater et al., 1990; Cabal-Manzano et al., 2001). LMF increases lipid
mobilisation and metabolism promoting loss of body fat, and PIF has been shown to
induce skeletal muscle wasting and weight loss in mice (Todorov et al., 1999). These
findings suggest that the tumour itself produces and releases factors that can cause

malnutrition and cachexia, irrespective of nutritional intake.

1.5.5 Nutrition Screening Methods

Although a variety of nutritional indices have been found to be valuable in predicting
patient outcome when used alone, there is no consensus on the best method for assessing
the nutritional status of hospitalized patients (Kuzu et al, 2006). A number of nutrition
screening methods are available and include nutrition risk index (NRI), the Prognostic
Nutrition Index (PNI) and subjective global assessment (SGA). The NRI was developed
by the Veterans Affairs Total Parenteral Co-operative Study Group (1991) and relies on
serum albumin levels and usual weight loss. It is calculated by the equation:

NRI = 1.519 x serum albumin (g/1) + 0.417 x (current weight/usual weight) x 100

A score <83.5 is severe nutritional risk; a score 83.5-97.5 is mild nutritional risk; a score
97.5 — 100 is borderline risk; and a score >100 is no nutritional risk. The NRI has been

used in a number of studies where the effects of undernutrition (Reynolds et al, 1996) or
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nutritional intervention has been investigated (Keele et al, 1997). It has been shown to
predict post-operative complications in surgical patients (Veterans Affairs Total

Parenteral Co-operative Study Group, 1991).

A second well known method of nutritional screening is the subjective global assessment
(SGA). This technique involves assessment of weight loss in the previous six months,
dietary intake in relation to usual intake, presence of gastrointestinal symptoms, and
functional capacity. Physical examination assesses loss of subcutaneous fat, muscle
wasting and/or presence of peripheral oedema. SGA divides patients into 3 categories:
well nourished, mild-moderate malnutrition or severely malnourished (Detsky &
Smalley, 1994). The pattern of weight loss seems to be of more importance than the
underling diagnosis in determining outcome and it has been shown to have a high

specificity in predicting infections in surgical patients (Detsky & Smalley, 1994).

A third, but perhaps less common method of nutritional screening in surgical patients is
the Prognostic Nutrition Index (PNI) as described by Buzby et al (1980). It is calculated
by the formula:

PNI = 158-16.6(Albumin g/dl)-0.78(triceps Skinfold (mm)-0.2(transferrin)-5.8
(Iymphocyte count). The higher the score the higher the risk of infection.

The relationship between the pre-operative nutritional condition and the outcome of
surgical treatment in patients with oesophageal carcinoma has been investigated using
some of these methods. In a study of 258 oesophagectomy patients, the correlation of
pre-operative values of prognostic nutritional index (PNI) with the incidence of post-
operative complications and prognosis of the patients was investigated by Nozoe et al
(2002). The results showed the mean pre-operative value of PNI in patients with post-
operative complications (41.8+/-5.4) was significantly lower than that in patients without
post-operative complications (46.5+/-5.3; P<0.0001). The survival in patients with
higher PNI value was significantly more favourable than that in patients with lower PNI
value (P=0.0001). In a study of 400 patients who underwent oesophageal resection for
malignancy Han Geurtz et al (2006) examined preoperative nutritional status by body
mass index, prognostic nutritional index (PNI), nutritional risk index (NRI) and weight
loss. They reported that preoperative nutritional status established by PNI, NRI, body
mass index and weight loss has limited value in predicting complications following

oesophageal resection. Kuzu et al, (2006) studied 460 patients who underwent major
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elective surgery using the Nutritional Risk Index (NRI), Subjective Global Assessment
(SGA) and other methods to determine the best possible nutrition screening system in
surgical practice. The odds ratio for morbidity between the well nourished and
malnourished patients was 3.09 [95% confidence interval (CI), 1.96-4.88] using SGA
and 3.47 (95% CI, 2.12-5.68) using NRI. Sungurteki et al (2004) also demonstrated that
SGA and NRI were predictive for malnutrition and post operative complications in
patients undergoing major elective surgery. At present it is clear that further
investigations are needed, and much effort must be given to find the best method for

assessing nutritional status.

Another nutritional marker commonly used in the assessment of nutritional status is
serum proteins such as albumin. It is considered the single best serum marker of
malnutrition in an otherwise stable patient and has a half life of 21days. Serum levels of
albumin are influenced by synthesis rates, degradation rates and vascular losses into the
interstitium, and losses through the gut or kidney. Albumin levels drop in inflammation,
trauma, sepsis, peritonitis or burns because high levels of IL-6 stimulate acute phase
protein production, thus decreasing production of transport protein production (Kudsk,
1994).Hypoalbuminaemia pre-operatively or pre-trauma is independently associated with
the development of post-operative complications, especially the development of infective
complications (Pepys & Hirschfield, 2003; Gibbs et al, 1999; Schwartz et al, 2004;
Dewar et al, 1992; Rey-Ferro et al, 1997). In upper gastrointestinal cancer surgery, low
preoperative serum albumin levels have significantly correlated with anastomotic leak as
well as major morbidity and in-hospital mortality (Buzby et al, 1980; Detsky et al, 1987;
Kudsk et al, 2003).

1.5.6 Effects of Upper Gastrointestinal Surgery on Nutritional Status

The surgical treatments used for Upper GI cancer can also have a profound effect on
nutritional status. However, very often the effects of surgery on nutritional status are
overlooked and referred to infrequently in the scientific literature — authors preferring to
report on surgical outcomes and any nutritional morbidity that occurs has been deemed
unimportant in the face of curing malignant disease (Saito et al, 2001).

Though many researchers consider malnutrition an unavoidable consequence of upper GI
surgery (Adashek et al, 1989), there have been few studies on the nutritional

consequences of oesophagectomy or total gastrectomy. However, the importance of
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nutritional status which influences quality of life, morbidity and mortality cannot be

ignored (Bae et al, 1998).

1.5.7 Nutritional consequences of Oesophagectomy

There is a paucity of published literature on nutritional outcomes after oesophagectomy.
Most of the published literature on nutrition and oesophagectomy concerns surgical
reports of needle catheter jejunostomy feeding and the majority of these reports make no
reference to nutritional outcomes whatsoever.

It is somewhat intuitive that the procedure of oesophagectomy results in significant
nutritional consequences. Endocrine, physiological and immune cell response to surgery
also contributes to post-operative catabolism after major oesophageal resections, and
marked weight loss is normally observed. This is usually observed on a background of
pre operative weight loss, with oesophageal cancer being associated with the highest
level of malnutrition compared with other digestive and extra-digestive cancers (Larrea,
1992). In addition, reconstruction of the oesophagus by gastric pull up results in patients
almost uniformly experiencing early satiety, post prandial fullness, poor appetite, lack of

hunger sensations and nausea, irregular bowel habit, and or reflux (see figure 1.7).

Figure 1.7: Anatomy following oesophagectomy
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In the months following oesophagectomy, patients can drastically alter their diet
preferring soft/semisolid consistency foods and reducing the volumes consumed at each
meal. Previous reports have estimated that the mean time required to achieve what
patients considered to be a socially acceptable diet was six months and that a significant
amount of adjustment and experimentation with diet is necessary in the first three
months following surgery (Ludwig et al, 2001). While the “normal” level of weight loss
is not known post oesophagectomy, weight loss has been shown to persist for six months
after surgery with a mean loss of 10kg, it is thought that after six months over half of
patients are able to gain weight (Ludwig et al, 2001). Weight loss however is associated
with a reduction in Karnofsky performance status (a quality of life measure) and poorer

survival in patients with oesophageal cancer (O’Gorman, 1999; Christein, 2002).

1.5.8 Nutritional Consequences of Total Gastrectomy

A subset of patients with tumours of the distal oesophagus (Type III OG junction
tumours) and patients with true non-cardia gastric adenocarcinoma require total
gastrectomy. In fact, radical surgery offers the only possibility for cure in patients with
gastric cancer (Scutru et al, 2005; Liedman, 1999). Roux-en-Y oesophago-jejunal
anastamosis remains the most commonly used type of reconstruction following total

gastrectomy (Espat & Karpeh, 1998; Scurtu et al, 2005) (see figure 1.8).

Oesophago-jejunostomy

(oesophagus joined to jejunum)

Oesophagus

Duodenum

et J € jUNUM

Bile

Figure 1.8: Anatomy following Roux-en-Y total Gastrectomy
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In contrast to the lack of published data on nutritional outcomes post oesophagectomy,
there are several reports of nutritional outcomes post total gastrectomy. In fact,
malnutrition is considered one of the main complications following surgery for gastric
cancer (Bradley et al, 1975; Braga et al, 1988; Powell-Tuck, 1988). Total gastrectomy,
by altering the physiology of digestion and damaging the delicate mechanisms at the
gastro-oesophageal junction, is generally believed inevitably to produce malnutrition
(Sategna-Guidetti & Bianco, 1998; Liedman, 1999). Weight loss has also been shown to
be a significant survival related factor post gastrectomy (Sanchez-Bueno et al, 1998).
However a common problem when studying such a highly malignant disease as gastric
cancer is that the effect of gastrectomy and the effect of recurrent malignant disease are

mixed in a way difficult to survey (Liedman, 1999).

Amongst the mechanisms involved in the aetiology of protein-energy malnutrition are
included anorexia, iatrogenic starvation, inadequate efforts at oral feeding,
malabsorption, maldigestion, loss of reservoir function, dyspepsia, altered intestinal
motility and shortened intestinal transit time (Bae et al, 1998; Liedman, 1999). This can
manifest as severe weight loss compromising the quality of life, often leading to an
unnecessary loss of muscle mass with impaired mobilisation and increased morbidity
(Kusche et al, 1987). Some patients can become nutritionally crippled with marked

weight loss and poor tolerance to regular diets (Saito et al, 2001).

1.5.8.1 Reduced intake

Voluntary reduction in calorie intake due to anorexia, absence of hunger sensations and
post-prandial abdominal discomfort occurs in many patients. The reduction in calorie
intake may be drastic and is considered the main factor responsible for weight loss.
Several studies have reported on severe weight loss - which can be between 18-29 kgs
post op and can span up to 4 years. Loss of up to 40% of body fat stores has been
reported in the 6 months following surgery (Liedman et al, 1997). Bae et al, (1998)
reported an average pre operative BMI of 22.2 kg/m* and post-operative BMI of 18.9
kg/m’, They found no significant correlation between the time since surgery and the
magnitude of the weight loss. This group reported that weight loss increased until 4.2
years after total gastrectomy and then weight loss tended to decrease. Bozetti et al
(1990) reported on 44 disease-free patients 3 years post total- and subtotal gastrectomy.
They found that weight loss after both total gastrectomy and subtotal gastrectomy

reaches its nadir at the 15" post-operative month.
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In a study of 108 patients who underwent gastrectomy Kiyama et al (2005) examined
body compositional changes using bioelectrical impedance analysis. Results showed
that body protein mass was lost preferentially (rather than fat mass) in the first 14 days
following surgery. Loss of body protein continued until 6 months post, but from 6
months to 1 year post op weight loss was from fat mass alone with no change in body
protein. Total gastrectomy patients lost an average of 8.9 kg(std dev 5) in the first 6
months and a further 4 kg (std dev 3.4) in the second six months following surgery
(Kiyama et al, 2005). These results are consistent with those of Liedman et al (1997)
who showed that weight loss (10% of pre operative weight) occurs early after total
gastrectomy and body fat decreased by 40% during the first 6 months post op. The
selective wasting of body fat and sparing of lean body mass is probably an adequate
adaptation to the new situation where eating is not as comfortable as before (Liedman,

1999).

1.5.8.2 Eating related Symptoms

Gastrectomy patients have been shown to have an average of three eating related
symptoms (Liedman, 1999). Amongst the most frequently cited symptoms are: 48%
reporting early satiety, 26% epigastric fullness, 26% epigastric pain, 43% reflux, 22%
diarrhoea and 17% nausea. Total Gastrectomy can dramatically reduce the reservoir into
which patients can eat. Innervation of the stomach is also damaged leading to small
stomach syndrome. Patients can become very selective in their choice of foods avoiding
hyperosmolar, starchy and high volume foods. Diarrhoea commonly occurs after total
gastrectomy and is probably partly caused by the vagotomy and possible lack of gastric
hormones, but also partly from defective fat absorption due to pancreatic insufficiency,
bacterial overgrowth, or short small-bowel transit time (Liedman, 1999; Armbreht et al,

1988; Friess et al, 1996).

1.5.8.3 Maldigestion and Malabsorption

Malabsorption of dietary fat has been proposed as a major contributor to weight loss post
total gastrectomy. Up to 50 g fat per day can be lost in stools — almost 7 times that of
healthy controls (Bae et al, 1998; Cristallo et al, 1986). Malabsorption of amino acids
has also been reported following gastrectomy resulting in a state of persistent proteolysis
of lean tissue mass for long periods after surgery (Saito et al, 2001). It has been
suggested that this malabsorption is cause by relative pancreatic insufficiency

(Bragelmann et al, 1996). It is important to note that with regard to energy balance a
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small difference in faecal energy loss amounting to 50 kcal/day would have the potential
to result in a weight difference of 10kg body fat in 5 years if allowed to work in one

direction (Liedman, 1999).

1.5.8.4 Impact of Malnutrition on post operative outcome following total gastrectomy
Grossmann et al, 2002 reported on morbidity and mortality after gastrectomy for cancer
on 708 patients, of whom 234 underwent a total gastrectomy. They reported a post-
operative complication rate of 38% and a 30-day mortality rate of 7.7%. On multivariate
logistic regression analysis a weight loss >10% in the six months prior to surgery was
predictive of 30-day mortality. This increased mortality rate was also observed by
Sitges-Serra et al (1988) who showed that patients who lost >20% of their body weight
had a significantly higher mortality rate than those losing <20% of their body weight
(23% versus 7%, p<0.05). Similar results were observed by Rey-Ferro et al, (1997) who
reported a 19% weight loss in patients who died post-operatively versus 9% weight loss
in those who survived. Hill (1992) correlated weight loss with post operative morbidity
and mortality rates and showed that weight loss of >20% and associated functional
alterations presented a rate of complications 3-5 times greater, increasing the
hospitalisation stay by 4-6 days (Hill, 1992; Windsor & Hill, 1988).

Other means of assessing nutritional status such as the Nutritional Risk Index (NRI) and
Prognostic Nutritional Index (PNI) have also been shown to be of value in terms of
predicting post operative complications (Rey-Ferro et al, 1997; Sitges-Serra et al, 1988).
By associating weight loss with albumin levels in the NRI as described by Buzby (1980),
Rey-Ferro et al (1997) found a greater correlation between severe malnutrition
(NRI<83.5) and post operative mortality and cellular immunosuppression. They
reported a 42.5% incidence of moderate malnutrition and 15% incidence of severe
malnutrition in patients with gastric cancer according to the NRI - a post-operative
mortality rate of 33% was observed in the severely malnourished group and 6.5% in the
moderately malnourished group. These groups also displayed cellular
immunosuppression with poor CD4/CDS8 ratios and this was related to post operative
mortality (Rey-Ferro et al, 1997). Sitges-Serra et al (1988) reported that patients with a
PNI below 50% have a lower mortality rate than those with a PNI of at least 50% and it
has been postulated that this difference is related to the lower resistance to infection in
patients who are most malnourished — their sepsis related death rates have been reported

to be five times higher than well-nourished patients.
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Pre operative albumin level has also been shown to be inversely related to post operative
complications and mortality following gastrectomy (Grossmann et al, 2002; Rey-Ferro et

al, 1997).

1.5.9 Post operative Artificial Nutrition Support: Enteral and Parenteral Feeding

There is an emerging consensus that early postoperative nutritional support benefits the
surgical patient at high risk of complications by decreasing septic morbidity, maintaining
immunocompetence and improving wound healing (Baigrie et al, 1996). An increasing
body of literature indicates functional advantages of early postoperative enteral feeding
in ameliorating the stress response and in diminishing the risk of major postoperative
infections (Myers et al, 1995; Beier-Holgersen & Boesby, 1996; Kudsk et al, 1992). A
recent meta-analysis of 11 prospective randomised controlled trials containing 837
patients who underwent gastrointestinal surgery, early enteral nutrition was associated
with a significantly lower incidence of infections and a reduced length of stay versus

starvation (Lewis et al, 2001).

Early enteral feeding impacts positively on whole body protein metabolism, and the
hyperinsulinaemia induced by feeding, decreases endogenous fat oxidation (Hochwald et
al, 1997). Nutritional fluid given enterally is completely absorbed even immediately
following highly invasive oesophageal surgery. It has been suggested that this gut-
directed therapy also modulates post surgical inflammatory responses, and encourages
faster recovery of lymphocyte counts and attenuated levels of bilirubin and C-reactive
protein compared with gut starvation after oesophagectomy (Aiko et al, 2001), although
other studies fail to show a clear association between enteral nutrition and immune
parameters (Reynolds et al, 1997). EN post oesophagectomy is associated with a
significant increase in the levels of serum total protein and albumin (Yagi et al, 1999),
and has also been shown to significantly attenuate gut permeability when compared to
intravenous fluids only and is associated with significantly fewer post operative
complications (Carr et al 1996). Postoperative starvation after oesophagectomy has been
shown to be associated with poor nitrogen balance, poor gut mucosal integrity, a slower
recovery in immune function and a more exaggerated inflammatory response (Aiko et al,

2001; Carr et al 1996).
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1.5.10 Enteral Feeding post oesophagectomy: Jejunostomy Feeding

Needle catheter jejunostomy (NCJ) was first described in 1973 (Delaney et al, 1973). It
is useful after oesophagectomy as normal food intake is delayed until any concerns about
anastamotic healing and gastric emptying are abated, the average being approximately
the 10® postoperative day. It has been demonstrated that the small bowel is able to
absorb nutrients almost immediately after surgery (Martin et al, 2007). NCJ allows
provision of nutrition, fluid and electrolytes early after surgery and permits a safe means
of administering many medications that might otherwise require central venous access or
monitoring if given intravenously (Sarr et al, 1988). Once some oral feeding is permitted,
patients almost uniformly experience early satiety and tend to eat smaller meals.
Because it take several months for patients to adjust to their new anatomy (Ludwig et al,
2001), the presence of a NCJ provides a useful back up for patients who require
supplementary enteral nutrition during this period of adjustment.

The use of the NCJ is not without risk, however, and as an adjunct to oesophageal
resection serious complications, sometimes life-threatening, are well described and
include Small bowel obstruction, small bowel perforation or Jejunal Intussusception
(Han-Geurts et al, 2004; Biffi et al, 2000). However, the most alarming reports of
serious complications are products of small series and probably represent a learning
curve. In reports of series containing greater than 150 patients serious complications
occur in less than 3% of patients. Gerndt et al (1994) reported in 523 oesophagectomy
cases fed by NCJ that 11% required prolonged feeding for more than 3 weeks, and that
the major complication rate associated with NCJ feeding was just 2%. These authors
recommended the routine use of NCJ post oesophagectomy. Also recommending routine
NCJ feeding were McCarter et al (1997) who reported no major complications or
mortality associated with NCJ in 167 upper GI patients. Braga et al (2002) in a report of
402 NCJ and 248 nasojejunal tubes reported a serious complication rate of 1.7% and a
0.1% mortality rate. Similarly Sica et al (2005) in a report of 262 NCJ cases reported a
1.5% serious complication rate and 0% mortality rate. The only large report in the
literature not to recommend routine NCJ feeding post oesophagectomy was that of Hans-
Geurtz et al (2004) who reported on 1,166 oesophagectomy cases with a 1.1% re-
operation rate and a 0.4% mortality rate. It is quite surprising that none of these reports
make any reference to nutritional outcomes which is perhaps the main reason the NCJ is
inserted in the first place. One can probably assume from other studies on enteral

nutrition that NCJ feeding benefits the patient by decreasing weight loss and improving
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recovery (Heylen et al, 1997), although these have yet to be properly examined in the

setting of oesophageal surgery.

1.5.11 Parenteral Nutrition post gastrectomy

Patients with gastric cancer who undergo total gastrectomy usually receive TPN for 7 to
10 days after surgery because of concern over the integrity of the oesophagojejunal
anastamosis (Kamei et al, 2005; Sand et al, 1997). There are very few reports published
on early enteral feeding after total gastrectomy either by nasojejunal tube feeding or
percutaneous catheter jejunostomy (Braga et al, 1996; Juhani et al, 1997; Sand et al,
1997).

Enteral nutrition is considered superior to parenteral nutrition based on several grounds
including reduced costs; lower incidence of intra-abdominal and systemic sepsis (Kudsk
et al, 1996; Moore et al, 1992); preservation of mucosal barrier by presence of enteric
nutrients (McClave et al, 1992; Wilmore et al, 1988); maintenance of immune function
(Kirby et al, 1995; Kudsk et al, 1994); faster recovery, shorter ICU and hospital stay
(Gabor et al, 2005). However parenteral feeding is often the route of choice of surgeons

who fear for the safety of enteral nutrients passing directly over a new anastamosis.

ST i) Further Studies on enteral feeding post oesophagectomy

Because it is safe and feasible to provide immediate post operative enteral nutrition post
operatively, oesophagectomy provides an ideal model for studies on nutrition support.
Not only is it a major homogenous insult with predictable alterations of immune cell
function and metabolism, it carries a high risk of septic complications, weight loss and
compromised quality of life. An improvement in nutrition support and immune function
in the perioperative period could bring meaningful clinical benefits, and unsurprisingly a
new range of products, so called immunonutrition or nutrient immuno-modulation is
targeted on this premise. Glutamine, arginine, RNA and structured lipids, for instance,
and hormones such as anabolic steroids, insulin and growth hormone, have been studied

with varying degrees of promise in this context.
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1.6 NUTRITIONAL MODULATION OF IMMUNE FUNCTION

1.6.1 The concept of ‘Immunonutrition’

The interrelationship between nutrition and the immune system has become the focus of
ever increasing attention with many substrates being recently identified as having an
immune-modulating function. At present various enteral formulas are available
containing substrates assumed to be beneficial e.g. glutamine, arginine, nucleotides and
n-3 fatty acids, as well as selenium, vitamins E, C and P-carotene, at various
concentrations (Suchner et al, 2000). The clinical significance of these immuno-
modulating nutrients has only been recognised since the early 1980’s — administered in
doses far exceeding the amount used in a simple prevention of deficits,
‘pharmacological’ dosing with these nutrients has been shown to have many clinical
effects. The application of nutrients for this purpose is referred to as ‘immunonutrition’
which has been defined as ‘modulation of the activities of the immune system, and the
consequences on the patient of immune activation, by nutrients or specific food items fed
in amounts above those normally encountered in the diet’ (Grimble, 2001).

Numerous clinical studies have been published examining the effects of immunonutrition
using a variety of formulations and doses of immunonutrients as well as different types
of operations/trauma. Several different commercial formulas are available with varying
concentrations of individual immunonutrients. Unfortunately it is impossible to dissect
the role of each individual component and combination since both the component and its
concentration are relevant to their effect (Kudsk, 2006). In addition to this, the
contradictory results in immunonutrition trials in the early 1990’s possibly reflected the
varying degrees of nutritional status in patients studied, as well as huge variations in the
severity of the operative insult. It is now accepted that mild-moderate pre-existing
malnutrition does not affect outcome in patients undergoing lesser surgical procedures,
but pre-existing nutritional deficits increase post-operative complications as the surgical
stress increases from minor to moderate to high (e.g. hernia to colectomy to

pancreatectomy to oesophagectomy) (Kudsk, 2006).

A recent large meta-analysis of 12 studies containing over 1400 patients receiving
enteral immunonutrition, showed a significant reduction in infectious complications and
reduced overall length of stay in patients with critical illness and GI cancer (Beale et al,
1999). The majority of trials on immunonutrition have used enteral formulations

containing arginine, glutamine, omega-3 fatty acids, nucleotides (RNA) and branched
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chain amino acids. In 2006 the European Society of Parenteral and Enteral Nutrition
recommended preoperative immunonutrition in patients with elective GI cancer surgery
with an “A” level of evidence in their guidelines on Enteral Nutrition and Surgery (Braga

2007).

1.6.2 Arginine, Glutamine, Nucleotides (RNA), and Branched Chain Amino Acids

Arginine becomes an essential amino acid during periods of stress due to its use in tissue
repair and due to up regulation of arginase following trauma. Depletion of arginine
reduces wound healing and Kupfner cell function (Kudsk, 2006). Supplementation
promotes proliferation of T cells in vitro and increases natural killer cell cytotoxicity,
macrophage tumour cytotoxicity, and cytolytic T-cell activity (Kirk & Barbul, 1990).
Glutamine, the most abundant free amino acid in the cytosol also becomes an essential
amino acid during periods of stress (Kudsk, 2006). In these situations it becomes a
major metabolic fuel for T-lymphocytes, enterocytes and other rapidly proliferating cells.
In randomised controlled trials the administration of glutamine (either as a dipeptide
during TPN to surgical patients or as a glutamine enriched enteral feed to trauma
patients), resulted respectively in improved nitrogen retention (less tissue depletion) and
reduced length of stay; reduced inflammation and a lower incidence of infective
complications, suggesting improved immune function (Grimble, 2001; Morlion et al,
1998). Nucleotide deprivation inhibits T-cell and macrophage function and increases
susceptibility to sepsis with Staphylococcus aureus and Candida albicans.
Administration of RNA has been shown to reverse these effects in animal models
(Grimble, 2001). Branched Chain Amino Acids provide the primary fuel for skeletal
muscle during stress and sepsis. Addition of leucine, isoleucine and valine to formulas
provides a metabolic source to supplement skeletal muscle metabolic needs during these

metabolic states (Grimble, 2001).

1.6.3 Fatty Acids

It has been known since the 1970s that consuming diets high in fat tends to suppress
immune responses such as phagocytosis and infectious disease resistance (Palmblad &
Gyllenhammer, 1988). PUFAs can remodel the composition of cellular membranes
especially of T cells and this is associated with diminished signalling through the T cell
receptor (Fan et al, 2004; Stulnig, 2003). The most abundant PUFA in immune cell
membranes is arachidonic acid (AA). Eicosanoids are derived from AA and act as

mediators of inflammation and immune cell function. PUFA are also capable of
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modulating cytokine production by immune cells as well as altering membrane fluidity.
Modulation of dietary fatty acids can therefore potentially have an impact on many
immune processes such as proliferation, phagocytosis, cytotoxicity and cytokine
production (Fritshce, 2006). Most of the research on this topic has focused on one class
of fatty acids, omega-3 polyunsaturated fatty acids (n-3 PUFAs). Fish oil derived n-3
PUFA have well established cardio-protective effects, but also purportedly possess anti-
inflammatory and immunosuppressive activity. In addition to their potential
immunomodulationg role in the setting of major surgery, n-3 PUFA have proven very
promising in reversing aspects of the inflammatory response seen in cancer cachexia
(Fearon et al, 2001b). For these reasons they may hold several promising effects in

future research studies on cancer patients undergoing major surgery.

1.6.3.1 Mechanism of Action

With increasing enteral or parenteral intake of long chain n-3 PUFA, the ratio of n-3:n-6
PUFA in the phospholipids spectrum of the cell membrane in various tissues changes in
favour of n-3 PUFA (Palombo et al, 1993; Morlion et al, 1996). In fact long chain (i.e.
C20) dietary fatty acids of the omega 3 series are rapidly incorporated into cell
membranes - incorporation of EPA into cell membranes has been achieved in 5 days
with oral administration whereas incorporation is much faster (hours) with IV
administration (Carpentier et al, 1997; Senkal et al, 2005).

This profoundly influences biologic responses, particularly during stress. These lipids
influence membrane stability, membrane fluidity, cell mobility, the formation of
receptors, binding of ligands to their receptors, activation of intracellular signalling
pathways either directly or through the formation of eicosanoids, gene expression, and
cell differentiation (Senkal et al, 2005).

Alterations in membrane phospholipids directly influences the synthesis of lipid-derived
mediators such as eicosanoids, phosphatidic acid, platelet-activating factor and the
secondary messengers, diacylglycerol and ceramide (Ross, 1999; Suchner et al, 2000),
see figure 1.9. By the action of the enzyme phospholipase A2, PUFA can be released
from the membrane phospholipids and either act as a secondary messenger or
alternatively serve as a precursor for the cyclo-oxygenase pathway (Suhner et al, 2000).
The latter pathway metabolises arachidonic acid to the 2-series of prostaglandins,
especially prostaglandins E2 and F2alpha and thromboxane A2. These products are
vasoconstrictive and induce platelet aggregation (Kudsk, 2006). These

immunosuppressive products impair cytotoxic T-cell function, cytokine secretion,
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leukocyte migration, and reticuloendothelial system function. In contrast, EPA derived
thromboxane A3 is less active in platelet aggregation than thromboxane A2; EPA is
converted to leukotriene B5 which results in decreased chemotactic migration and
endothelial cell adherence, therefore EPA exerts major effects on the synthesis of

leukotrienes by promoting an anti-inflammatory action.

n -6 PUFA n -3 PUFA
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>

Cyclo-oxygenase pathway
Cyclo-oxygenase pathway

Stress/Surgery Tantnu PR L e e oets
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Thromboxane A, Thromboxane A,
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Induction of Platelet aggregation Less platelet aggregation
Impairment of -- T-Cell Function Decreased chemotactic migration
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(TNFa, IL-6, IL-8)

Figurel.9: Alterations in membrane phospholipids and subsequent alterations in
the synthesis of lipid-derived mediators such as eicosanoids, leukotrienes and

platelet-activating factors following major surgery.

The mechanisms underlying the differential effects of omega 6 and omega 3 lipids on
cytokine synthesis are relatively unknown (Aiko et al, 2005). Several studies have
demonstrated that there is a close relationship between the release and metabolism of AA
from cell membranes and the generation of platelet activating factor (PAF). PAF is
known to have a wide range of pro-inflammatory properties including increased
chemotaxis, adherence, and aggregation of human neutrophils and monocytes. PAF also
induces these cells to produce pro-inflammatory cytokines such as TNFa, IL-6 and IL-8
(Ruis et al, 1991). These cells in turn are capable of inducing cyclo-oxygenase 2 which

metabolises AA and provides PGE2. These proinflammatory cytokines can also act as
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pyrogens through increased production of PGE2 which can act directly on the brain
causing an upward shift in thermo regulation (Coceani & Akarus, 1998). By substituting
AA in cell membranes with EPA, PGE3 is preferentially formed and thus a more anti-
inflammatory milieu arises with less risk of fever (see Figure 1.9). Thus, the provision
of immunomodulating nutrients may promote restoration of normal tissue function post

operatively and prevent the occurrence of SIRS (O’Flaherty, 1999).

1.6.3.2 Eicosapentaenoic Acid & Cancer Cachexia

Providing patients with cancer-associated malnutrition with nutritional support has been
associated with a better response to therapy and fewer treatment-related complications
(Nayel et al., 1992; Heys et al., 1999), as well as improved immune function (den
Broeder et al., 2000; Bozzetti, 2001b), performance status, outcome and quality of life
(den Broeder et al., 1998 and den Broeder et al., 2000; Barber et al., 1999a; McCarthy
and Weihofen, 1999; Roberge et al., 2000; van Bokhorst-de van der Schueren et al.,
2000). However, as cancer-associated malnutrition is a multifactorial condition,
increasing nutrient intake may not be sufficient to reverse or prevent nutritional decline.
Accumulating evidence supporting a role for inflammatory mediators in the pathogenesis
of cancer-associated malnutrition has led to the suggestion that dietary supplements with
anti-inflammatory properties may be beneficial (McCarthy, 2003). EPA has been shown
to affect several factors, both systemic and tumour-derived, which have been implicated
in the development of cancer cachexia. EPA supplementation in cancer patients has
been shown to down-regulate the production of pro-inflammatory cytokines (IL-6, IL-1,
and TNF) and attenuate progression of the acute phase protein response e.g. C-Reactive
Protein (Grimble, 2003; Gogos et al, 1998; Barber et al, 1998; Barber et al, 1999a;
Barber et al, 2001; Wigmore et al, 1997; Furukawa et al, 1999; Calder, 2002; Calder,
2003). Alterations in hormone levels, resulting in a more anabolic state, and weight
gain, have also been reported (Barber et al., 2001). In preclinical studies, EPA has been
shown to attenuate the catabolic effects of Lipid Mobilising Factor and Proteolysis
Inducing Factor (PIF) (Beck et al., 1991; Tisdale, 1996; Lorite et al., 1997; Islam-Ali et
al., 2001). Furthermore, EPA has been shown to reduce urinary PIF levels (Barber et al.,
2001), attenuate cachexia (Wigmore et al., 1996; Barber et al., 1997) and has also been
associated with the halting or reversal of weight loss (Barber et al, 2000; Barber et al,
1999b; Barber et al., 1999c; Fearon et al, 2001b; Wigmore et al, 2000), improvements in
physical functioning and quality of life and a prolongation of survival (Gogos et al,
1998).
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Improved immune function (Furukawa et al., 1999) and elevated effector T-cell numbers
(Gogos et al., 1998) have also been reported in cancer patients receiving EPA
supplements. EPA may also reduce treatment-related immunosuppression (Takagi et al.,
2001) and the incidence of treatment-related complications (Kenler et al., 1996; Swails et
al., 1997, Takatsuka et al., 2001). Thus EPA may also have a positive effect on the
patient's immune system. Consistent with these observations, EPA has been associated
with improved outcome in both malnourished and nourished patients with cancer,

including increased survival (Gogos et al., 1998; Takatsuka et al., 2001).

Experimental studies suggest that EPA may also have direct effects on tumour growth
and metastatic spread in vitro and in vivo (Lai et al., 1996; Jho et al., 2002; Tevar et al.,
2002). Although in vivo inhibition of tumours may reflect effects on the host immune
system, it has also been suggested that EPA and related n-3 PUFAs may act via
reduction of prostaglandin and angiogenic growth factor levels or oncogene expression
(Lai et al., 1996). This suggests that EPA may provide additional benefits to patients
with cancer, beyond those achieved through improving nutritional status by interfering

with pathways that underlie the development of cancer-associated malnutrition.

1.6.3.3 Eicosapentaenoic Acid & Gastrointestinal Surgery

A recent meta-analysis of 13 randomised controlled trials involving 1269 patients
undergoing gastrointestinal surgery and who were given perioperative immunonutrition
(nutrients including glutamine, arginine, omega-3 fatty acids and ribonucleic acids)
showed that immunonutrition had no significant effect on post operative mortality, but
had a positive effect on postoperative infection rate (OR 0.41, p<0.00001, length of
hospital stay (less 3.5 days, p<0.00001) and improved immune function by increasing
total lymphocytes, CD4 levels, IgG levels, and decreasing IL-6 levels, with no effect on
CD8, IL-2 and CRP (Zheng et al, 2007).

A five day course of oral administration of EPA seems to be long enough for
incorporation of omega 3 fatty acids into the cell membranes (Senkal et al, 2005) in
contrast to IV administration, where the incorporation into cell membranes has been
shown to be much faster (Carpentier et al, 1997). Senkal et al (2005) studied 40 patients
who underwent esophagectomy (8), gastrectomy (23) or Duodenohemipancreatectomy

(9) all for malignancy. Patients were randomised to receive a PUFA enriched (1g omega
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3 PUFA/day) enteral diet IMPACT) for 5 days pre operatively or an isocaloric diet. The
enriched diet also contained arginine and RNA. Results showed that the PUFA enriched
study arm had significantly increased levels of EPA in liver tissue, gut mucosa and

tumour tissue

1.6.3.4 Concept of “pre loading” cells with Peri-operative EPA

As with any other substance with supposed pharmacologic action, immunonutrients
should reach suitable tissue and plasma concentrations to be active (Gianotti et al, 2002).
Some authors, believing that even with early postoperative immunonutrition it is not
possible to prevent the immunosuppression produced immediately after surgery, have
advocated the initiation of nutrition before surgery (Gianotti et al, 1999). This theory
came about from results of trials with postoperative immunonutrition where the
modulation of immune parameters in cancer patients took place after 5-7 days (Kemen et
al, 1995) and this was accompanied by clinical effects (such as reduced infection rates),
which were apparent after 5 days (Senkal et al, 1997). By contrast, administration of
omega-3 fatty acids and other immunonutrients for 7 days preoperatively and in the post
operative period resulted in significant reductions in post operative infections and length
of hospital stay (Beale et al, 1999; Braga et al, 1999). These data lead to the concept of
“pre-loading” of cell membrane phospholipids with active precursors of desirable
immune modulators as it is beneficial for patient recovery independent of pre-operative
nutritional status (Tsekos et al, 2004). Pre-loading cell membranes with EPA is
associated with a reduced production of proinflammatory cytokines like IL-1a, IL-1p,
IL-6 and TNFa in response to an inflammatory stimulus (Caughey et al, 1996; Senkal et
al, 2005). Therefore authors recommend anticipation of the provision of
immunonutrients before surgery to obtain adequate levels at the time of surgical stress

when the need for stimulation of the immune system is maximised (Gianotti et al, 2002).

1.6.3.5 Evidence for EPA in upper GI cancer Surgery

Although several studies have demonstrated the beneficial effects of imunonutrition on
immune competence and patient outcome, controlled clinical trials focusing on the use of
perioperative enteral EPA alone are scarce. Three trials on enteral EPA following
oesophageal cancer surgery have recently been published. Furkawa et al (1999) reported
that the postoperative administration of Eicosapentaenoic acid at a dose of 1.8 g/d either

orally or enterally in combination with TPN reduces the stress response to
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oesophagectomy and stress-induced immune dysfunction compared to TPN alone. EPA
supplementation significantly reduced the level of serum IL-6, and significantly
improved the lymphocyte proliferation and Natural Killer cell activity on postoperative
day 21 compared to TPN alone.

Takagi et al, (2001) studied the effects of EPA on immune suppression induced by
postoperative chemo-radiation therapy in a small cohort of 15 patients who underwent
thoracic oesophagectomy and received post operative chemotherapy. For 1 week before
surgery and 2 weeks after patients were fed by total parenteral nutrition — group 1 (n=5)
were given TPN with 1.8 g/day of EPA and group 2 (n=10) were given TPN alone. The
authors assessed Phytohemagglutin- and concanavalin-A stimulated lymphocyte
proliferation, Natural Killer Cell activity and total lymphocyte count 3 weeks after
surgery and after post operative chemo-radiotherapy. The results revealed significantly
less inhibition of cell mediated immunity in EPA treated patients undergoing thoracic

oesophagectomy.

In the first and only study of enteral EPA after oesophagectomy for malignancy to date,
Aiko et al (2005) performed a retrospective study of 27 patients and investigated whether
supplementation of enteral nutrition with 2.25 g EPA/day affected platelet aggregation,
coagulation activity and inflammatory response compared to standard enteral nutrition.
Seventeen patients received an enteral formula for 7 days post operatively containing
2.25g EPA/day, the remaining 11 patients received a standard enteral formula for 7 days
containing 0.7 g EPA/day. The results showed that administration of EPA in enteral
nutrition significantly inhibited the post-operative decrease in platelet count, attenuated
D-dimer levels and significantly decreased levels of the proinflammatory cytokine, IL-8,
on days 1 and 3 post operatively. The anti-inflammatory effects of EPA were confirmed
by the clinical findings of lower body temperature. There was also a decrease in the
duration of fever in a number of patients. While these results seem promising it does
seem surprising however that these authors were able to demonstrate decreased levels of
pro-inflammatory cytokines and lower body temperature at day 3 post operatively as the
patients had only received <1 g EPA on post operative day 1 and 1.1 gs and 2.2gs
respectively on post operative days 2 and 3. Further studies with peri-operative
administration of EPA are warranted to confirm these findings. There also is a need for
long term studies addressing the issues of perioperative EPA supplementation on body

composition and quality of life outcomes post major upper gastrointestinal surgery.
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1.7

HYPOTHESES FOR THIS PhD THESIS

There is currently no Irish data, and very little European data on obesity and
oesophageal cancer. The first hypothesis of this thesis is that obesity is related to
oesophageal adenocarcinoma in an Irish population. To prove his hypothesis we
will examine the incidence of obesity prior to cancer development in a large
population of patients who presented to St. James’s Hospital over the past 10
years and compare these patients to healthy controls in a case-control study

design.

Metabolic syndrome has recently been identified as high risk state for cancer.
The second hypothesis of this thesis is that metabolic abnormalities of obesity are
related to precursor lesion of oesophageal adenocarcinoma, Barrett’s
Oesophagus. We will perform detailed nutritional studies on Barrett’s patients
and compare them to patients who have Gastro intestinal Reflux disease only.
We will attempt to examine for the first time whether central obesity and it’s
metabolic consequences namely the “metabolic syndrome” is related to Barrett’s

oesophagus.

Once diagnosed with upper GI cancer patients can be treated with multimodal
therapy or surgery alone. We will examine which treatment pathway is related to
higher morbidity - multimodality therapy or surgery alone. Then we will look for

nutritional markers to help predict morbidity after this surgery.

We will look at methods of nutrition support and how they can improve
nutritional status. Finally we will use the model of oesophagectomy to
investigate for the first time if intervention with an immunomodulating enteral
feed enriched with Eicosapentaenoic acid peri-operatively can impact on post

operative complications body composition, and immuno-inflammation.
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2.1 SUMMARY

Background Recent evidence links obesity with the rising incidence of oesophageal
adenocarcinoma. In Ireland between 1995-2004, the incidence of oesophageal
adenocarcinoma increased by 38 per cent, and this coincided with a 67% increase in the
prevalence of obesity. The objective of this study was to assess the impact of Ireland’s

obesity trends on incidence rates of oesophageal cancer.

Design & Setting A case control study was undertaken in 760 patients presenting to a
tertiary centre between 1994-2004 with a diagnosis of either cancer of the oesophagus,
gastric cardia or stomach to investigate the prevalence of obesity prior to disease. Data
were compared with 893 healthy controls. Multivariate logistic regression models were
used to calculate the odds ratio (OR) of developing either cancer type according to

quartiles of body mass index (BMI).

Results: Based on pre illness BMI, 82% of patients who developed adenocarcinoma of
the oesophagus were either overweight or obese compared with 59% of the healthy
control population (p<0.001). Males who developed adenocarcinoma of the oesophagus
were significantly more overweight and obese than both patients with squamous cell
cancer (SCC) and healthy controls (p<0.001). A dose-dependent relationship existed
between BMI and oesophageal adenocarcinoma in males. The adjusted odds ratio was 4.3
(95%CI: 2.3 to 7.9) among males in the highest BMI quartile compared with males in the
lowest quartile (p<0.001 for trend). Using common cut off points for BMI, the OR of
adenocarcinoma of the lower oesophagus was 11.3 times higher (95% CI, 3.5 to 36.4) for
males and females with a BMI > 30 kg/m’ versus individuals with a BMI < 22kg/m2
(p<0.001 for trend). For adenocarcinoma of the gastric cardia, a significant but weaker
association with obesity was found; males in the top quartile of BMI had an OR of 3.5
(95% CI, 1.3 to 9.4) compared with the lowest quartile (p=0.03 for trend). A significant
association was not observed in females. There was no association between obesity and
adenocarcinoma of the stomach in males or females. A significant (p < 0.001) inverse

relationship between BMI and oesophageal SCC was observed (males and females).

Conclusion: The odds ratio for adenocarcinoma of the oesophagus, the oesophago-
gastric junction and gastric cardia rises significantly with increasing BMI. For tumours
of the lower oesophagus obesity increases the risk 10.9 fold. The increased risk is

significant in males only.
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2.2  INTRODUCTION

The patterns of oesophageal cancer in Europe and North America are changing rapidly.
The incidence of oesophageal adenocarcinoma is increasing by 5-10% per year
(Enzinger & Mayer, 2003). The striking increased trends seen in adenocarcinoma of the
oesophagus and gastric cardia are thought to result from several modifiable and
interrelated risk factors, including chronic gastro-oesophageal reflux disease, poor diet,
H. pylori eradication, and obesity (Enzinger & Mayer, 2003; Engel et al, 2003; Chow et
al, 1998). A recent study of population attributable risks for oesophageal

adenocarcinoma linked being overweight to 41% of cases (Engel et al, 2003).

The Republic of Ireland has witnessed a marked increase in the prevalence of obesity
since the early 1990s. Sixty seven per cent of men, and 75% of women over the age of
51 are now overweight or obese (McCarthy et al, 2002). During this same period there
was a 38% increase in the number of cases of oesophageal adenocarcinoma registered by
the National Cancer Registry of Ireland (National Cancer Registry of Ireland
http://www.ncri.ie). The incidence rate of oesophageal cancer in Ireland is amongst the
highest in the Western world with 11.7 cases per 100,000 males and 6.1 cases per
100,000 females compared with a European Union average of 9.5/100,000 for males and
2.2/100,000 for females.

2.3  AIMS OF STUDY

The aim of this study was to examine the impact of Body Mass Index (BMI) and obesity

on the risk of upper gastrointestinal cancer in Irish subjects.

24  PATIENTS AND METHODS

All histologically confirmed cases of adenocarcinoma and squamous cell carcinoma
(SCC) of the oesophagus, oesophago-gastric junction, gastric cardia, and stomach,
diagnosed or treated at the Oesophageal Unit of St James’s Hospital, Dublin between
1994 and 2004 were included. This unit treats approximately 35% of patients in the
Republic of Ireland with tumour at these sites, and approximately 50% of referrals can

be treated with curative intent.
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Cancer cases were identified from the St. James’s Upper Gastrointestinal Cancer
database, which uses the Patient Analysis and Tracking System (PATS) ™ software from
Dendrite Clinical Systems, UK. Cancer cases were selected by tumour location, which
was based on endoscopic and radiological assessment. Tumours at the oesophagogastric
junction were designated after pathological resection as Type I, II or III, as per Siewert
and colleagues (WHO 1998): Type I was adenocarcinoma of the distal oesophagus
involving the junction, usually arising in specialised intestinal metaplasia; Type II
tumours are centred at the oesophagogastric junction; and Type III is a gastric carcinoma
infiltrating the oesophagogastric junction and distal esophagus from below. In this study,
Types I and II represent the O-G junction tumours, and Type III denotes a gastric cardia
tumour.

The dietetic record cards of these cancer patients were then located and the nutritional

8ok system. Each cancer patient

details of all the patients were entered onto the PAT
had been assessed individually by a registered dietitian who gathered information on
anthropometric measurements including height, weight at diagnosis, Body Mass Index
(BMI) at diagnosis, pre-illness weight (at least one year prior to diagnosis), and pre
illness BMI. For cancer cases, the patient’s pre illness BMI was calculated from reported
usual adult weight. Adiposity was estimated by BMI, computed as weight in kilograms
divided by height in meters squared (kg/mz). BMI was defined using the World Health
Organisation definitions, with a BMI of 20-25 kg/m” normal, overweight 25-29.9 kg/m?,
and obese >30 kg/mz.

The medical, dietetic and histopathology records of the cancer cases were recorded on a
computerised upper Gastrointestinal Cancer Database (Patient Analysis and Tracking
System ™ Dendrite Clinical Systems, UK). Data recorded concerned age, sex, tumour
site, pathology, smoking and alcohol intakes, co-morbid disease, socio-economic status,

reflux symptoms, medications, and the presence or absence of Barrett’s oesophagus.

H.pylori status was available in a small percentage of cases.

Anthropometric data on 893 healthy controls were: used for comparison - controls under
the age of 65 years were obtained from nationwide data as part of the North/South
Ireland Food Consumption Survey (McCarthy et al, 2002), and over 65 year-old controls
were interviewed and nutritionally assessed by a registered Dietitian (the author) at
several day centres for the elderly in Dublin. Weight and height were measured, and
BMI calculated, and data regarding cigarette and alcohol consumption, and socio-

economic status gathered. Controls with a previous history of any cancer were excluded
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from the study. Information on reflux history and H.pylori status was not available in

the control group, and therefore could not be considered in this study.

2.5  STATISTICAL ANALYSIS

Pre Illness BMI was grouped into quartiles for analysis based on BMI distributions
amongst the control subjects. Relative risks according to anthropometric status were
expressed as odds ratios (ORs) and 95% confidence intervals (CIs) using logistic
regression models. We tested for linear trend by including BMI as a continuous risk
factor in the logistic regression. We investigated the linearity of any possible association
between BMI and risk of cancer using a flexible model fitting approach that used a
restricted cubic spline model with knots at the 25" 50", and 75" percentiles of BMI in
the controls. All analyses were adjusted for the effects of age sex, cigarette consumption
(current smoker, ex-smoker, never smoker), and heavy alcohol (>14 units/week women,
>21 units week men). Data was analysed in STATA™ (version 8.2, Stata-Corp LP). The
logistic regression analysis was also repeated excluding patients with Barrett’s

Oesophagus and gastro-oesophageal reflux disease
2.6 RESULTS

2.6.1 Patient Demographics

The sample population consisted of 239 females and 521 males, 508 patients had
adenocarcinoma and 252 had SCC of the oesophagus. Tumour sites were lower
oesophagus (n=279), mid oesophagus (n=91), oesophago-gastric junction (n=142), upper

oesophagus (n=26), gastric cardia (n=65), and fundus, body or distal stomach (n=157).

2.6.2  Nutritional Status Pre Illness (Adenocarcinoma & SCC all tumour sites)

Based on pre illness BMI, 82% of adenocarcinoma patients were overweight or obese
versus 35% of patients with SCC (p<0.001). The median pre illness BMI of males who
developed ACA of the oesophagus was 28 kg/m2 (IQ 25.5-31.8 kg/mz) versus 24 kg/m2
(IQ 21.25-26.56 kg/mz) for SCC (p<0.001). Males who developed ACA of the
oesophagus were significantly heavier than healthy controls that had a median BMI of
25.84 kg/m” (IQ 23.76-28.66 kg/m?), p<0.001. SCC cases had a pre illness BMI that was
significantly lighter than healthy controls and ACA cases (p<0.001), (see Figure 2.1).

69



Figure 2.1: Median BMI & (upper and lower quartiles) for males (Black) and
females (White) with Adenocarcinoma and SCC versus healthy controls (p<0.001

for trend across groups). Error bars are 95% Confidence Intervals
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2.6.3  Adenocarcinoma of the Oesophagus and Oesophago-gastric junction (Table 2.1,
Figure 2.2)

The median pre illness BMI for patients who developed adenocarcinoma of the
oesophagus was 27.96 kg/m* (IQ 25.53-31.79 kg/mz). This was significantly greater
than healthy controls (median BMI 25.84 kg/m?, 1Q 23.76-28.66 kg/mz, p<0.001).
Patients with tumours in the lower oesophagus and the oesophago-gastric junction were
the heaviest (28.1 kg/m% 1Q 25.9-32.14 kg/m* 27.8 kg/m’ IQ 25.14-31.1 kg/m’
respectively). Subjects were divided into 4 categories using the 25 50" and 75"
centiles of BMI among healthy controls. (<23.8 kg/m’ quartile I, 23.8-25.8 kg/m’
quartile 11, 25.8-28.7 kg/m* quartile III, and >28.7 kg/m” quartile IV). Forty five percent
of patients with adenocarcinoma of the oesophagus had a pre illness BMI in the top
quartile (i.e. >28.7 kg/mz). The OR for oesophageal adenocarcinoma rose significantly
with increasing BMI. When compared to the first quartile the OR increased from 1.0
(95% CI, 0.6 to 1.7) for the second, to 1.9 (95% ClI, 1.1 to 3.3) and 3.0 (95% CI, 1.8 to
5.0) in the third and fourth quartile respectively (p <0.001 for trend). When this analysis
was broken down by gender, a significant increase was only observed for men who had
an OR of 4.3 (95% CI, 2.3 to 7.9) for the top quartile versus quartile 1 (p=0.001 for
trend), (see table 2.1).

The association between pre-illness BMI and the risk of cancer is illustrated in figure
2.2. When looking at oesophageal adenocarcinoma the spline model did not yield a
significant improvement in fit, compared to the linear model, for men or women (p=0.57
and p=0.38 respectively). For adenocarcinoma of the lower oesophagus alone the
improved fit was of borderline significance (p=0.10 and p=0.07 for men and women

respectively).
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Table 2.1: Odds Ratios (OR) and 95 % confidence intervals (CI s) associated with

pre illness body mass index (BMI (kg/mz)) by sex * for Adenocarcinoma®

Oesophageal Lower Oesophageal OG Junction
Adenocarcinoma Adenocarcinoma Adenocarcinoma

Factor Case/ controls OR (95% CI) No OR (95% CI) No OR (95% CI)
Males and Females
Pre Illness BMI
Quartile 1 40/223 1.0 (referent) 13/223 1.0(referent) 24/223 1.0(referent)
Quartile 2 43/222 1.0 (0.6-1.7) 24/222 2.2(0.9-5.3) 19/222  0.7(0.3-1.4)
Quartile 3 74/225 1.9 (1.1-3.3) 44/225 5.0(2.1-11.4) 28/225 1.3(0.7-2.5)
Quartile 4 1317223 3.0 (1.8-5.0) 74/223 7.2(3.2-16.2) 54/223 2.2(1.2-4.0)
Test for Trend p<0.001 p<0.001 p=0.001
Males Only
Pre Illness BMI
Quartile 1 27174 1.0 (referent) 9/74 1.0(referent) 17/74 1.0(referent)
Quartile 2 38/96 1.4 (0.7-2.8) 22/96 3.2(1.25-8.9) 16/96  0.8(0.4-1.9)
Quartile 3 60/115 2.3 (1.3-4.6) 35/115 5.9(2.1-16.1) 25/115 1.7(0.8-3.7)
Quartile 4 114/110 4.3 (2.3-7.9) 62/110 9.1(3.4-24.3) 49/110  2.9(1.4-6.1)
Test for Trend p=0.0001 p=0.0001 p=0.001
Females Only
Pre Illness BMI
Quartile 1 13/149 1.0 (referent) 4/149 1.0(referent) 7/149 1.0(referent)
Quartile 2 5/126 0.4 (0.1-1.3) 2/126 0.6(0.1-4) 3/126  0.5(0.1-1.9)
Quartile 3 14/110 1.4(0.5-3.5) 9/110 3.2(0.8-13.8) 3/110  0.5(0.1-2.5)
Quartile 4 17/113 1.3 (0.6-3.2) 12/113 3.6(1.0-14.4) SIS 0.8(0.24-3.0)
Test for Trend P=0.34 p=0.09 p=0.86
Common cut-off
Points for BMI**
I -low 17/99 1.0 (referent) 6/99 1.0(referent) 9/99 1.0(referent)
II 35/267 1.0 (0.4-2.1) 13/267 1.3 (0.4-4.5) 217267  1.1(0.4-2.8)
111 133/376 2.7 (1.3-5.5) 771376 6.8 (2.2-21.4) 54/376 2.0 (0.8-5.0)
IV - high 103/151 4.5 (2.2-9.5) 59/151 11.3 (3.5-36.4) 41/151 3.4 (1.4-8.7)
Test for Trend =0.001 =0.001 p=0.001

*Cut off points for pre illness BMI (kg/mz): I — first Quartile (<23.8), I (23.8 - 25.8), I1I (25.8-28.7), IV

(>28.7).

** Standard cut off Points for BMI (kg/mz): I (<22), 11, 22-24.9), III (25-29.9), IV (>30)

Comparison of the trends in men and women: p=0.008 (oesophageal adenocarcinoma), p=0.11 (Lower
Oesophageal adenocarcinoma), p=0.04 (Oesophago-gastro junction adenocarcinoma)

¥ Data adjusted for age, sex, smoking, and alcohol intake.
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Figure 2.2:  Spline Curves plotting relationship between Pre Illness BMI (kg/mz)
and risk of oesophageal adenocarcinoma for males only (A), oesophageal
adenocarcinoma females only (B), lower oesophageal adenocarcinoma males only
(C), lower oesophageal adenocarcinoma females only (D). Odds ratios are relative

to a BMI of 22.5 kg/m’.
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When the heaviest quartile was divided in two (28.7-30.5 kg/m” and > 30.6 kg/mz) the
pattern became more striking. For males, the OR for oesophageal adenocarcinoma was
6.3 (95%ClI, 3.2 to 21.6) for BMI >30.6 kg/m’ versus the lowest quartile (< 23.7 kg/m?)
(p<0.001). For adenocarcinoma of the lower oesophagus alone, males with a BMI
>30.63 kg/m2 had an OR of 12.9 (95% ClI, 4.6 to 36.6) versus males with a BMI <23.7
kg/m*, p=0.001. Males with a BMI between 28.7-30.5 kg/m” had an OR of 5.8 (95% CI,
1.9 to 17.1) versus males with a BMI < 23.7 kg/m2 (p=0.002 for trend). The odds ratios
did not change significantly when patients with a history of gastro-oesophageal reflux

disease and Barrett’s oesophagus were excluded from the analysis (data not shown).

Analysed by common cut off points for BMI as defined by the World Health
Organisation (WHO 1998), the risk of adenocarcinoma of the lower oesophagus was
11.3 for obese men and women (95% CI, 3.5 to 36.4) versus individuals with a BMI < 22
kg/m2 (p<0.001 for trend). For Adenocarcinoma at the oesophago-gastric junction the
OR rose significantly with increasing BMI, OR 2.2 (95% CI, 1.2 to 4.0) for top quartile
versus lowest quartile (p<0.001 for trend). When the analysis was broken down by
gender, a significant increase was only observed for males who had an OR of 2.9 (95%
CI, 1.4 to 6.1) for top quartile versus lowest quartile (p<0.001 for trend), (see Figure
2.3,
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Figure 2.3: Odds ratio for Adenocarcinoma of Oesophagus (all sites: A), lower
oesophagus (e), oesophagus gastric junction (o) and gastric cardia (m) for common

BMI groups relative to the BMI<22 group. Odds ratios shown on a log-scale.
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2.6.4 Adenocarcinoma of Gastric Cardia (Table 2.2)

The median pre illness BMI for patients who developed adenocarcinoma of the gastric
cardia was 26.6 kg/m2 (IQ 24.3-30.1). This was not significantly heavier than healthy
controls, with a median of 25.84 kg/m2 (IQ 23.79-28.66). Using multivariate logistic
regression adjusted for age, gender, smoking, and alcohol, the adjusted odds ratio for
cardia adenocarcinoma for males and females together was 2.29 (95% CI, 1.0 t05.3)
among persons in the highest BMI quartile compared to those in the lowest BMI quartile.
This trend was not significant (p=0.14). When the analysis was repeated for each gender
the association with obesity and gastric cardia adenocarcinoma was significant only in
men. The OR for males in the top BMI quartile was 3.5 (95%ClI, 1.3 to 9.4) versus
males in the lowest BMI quartile (p=0.03 for trend) (see table 2.2).

2.6.5 Non-Cardia Gastric Adenocarcinoma (Table 2.3)

No relationship between BMI and non-cardia adenocarcinoma of the stomach was
observed by either univariate or multivariate analysis. When the analysis was repeated

using common cut off points for BMI the results remained insignificant (see table 2.3).
2.6.6 Oesophageal Squamous Cell Carcinoma (Table 2.4)

Prior to illness 50% of patients with SCC of the oesophagus had a normal BMI, 24%
were overweight, 11% obese, and 15% underweight. The median pre illness BMI for
SCC cases was 24 kg/m2 (IQ: 21.25 - 26.7 kg/mz) and this was significantly lower
compared with both controls and adenocarcinoma cases (p<0.001), (see figure 1). Using
multivariate logistic regression analysis, adjusting for age, gender, smoking, alcohol
intake, an inverse association between pre illness BMI and risk of SCC was found
(p<0.001). This inverse association was only significant for females. With increasing
BMI the OR of SCC fell significantly, with an OR of 0.2 for the top quartile compared
with the lowest quartile (95% CI, 0.1 to 0.4, p<0.001 for trend). A comparison of the
trends between males and females showed a significant difference in risk pattern
(p=0.02). When the analysis was repeated using common cut off points for BMI the

inverse association remained highly statistically significant (see table 2.4).
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Table 2.2: Anthropometric Indices and Risk of Gastric Cardia Adenocarcinoma”

Variable Case-Patients/ Multivariate adjusted P Value for trend
Control, n/n Odds Ratio (95%CI)
Pre Illness BMI
Quartile 1 14/223 1.0 (referent)
Quartile 2 14/222 0.8 (0.34-2.0)
Quartile 3 14/225 1.7 (0.7-4.1) p=0.14
Quartile 4 22/223 2.3(1.0-5.3)
Males Only
Quartile 1 10/74 1.0 (referent)
Quartile 2 12/96 1.2 (0.4-3.2) p=0.03
Quartile 3 11/115 2.0 (0.7-5.7)
Quartile 4 20/110 3.5(1.3-9.4)

Females Only

Quartile 1 4/149 1.0 (referent)
Quartile 2 2/126 0.3 (0.2-0.3) p=0.70
Quartile 3 3/110 1.3 (0.3-6.3)
Quartile 4 2/113 0.7 (0.1- 4.6)

Common Cut-off

Points BMI**
I-Low 8/99 1.0 (referent)
11 14/267 0.9(0.3-2.7) p=0.14
I 25/376 1.4(0.5-4.1)
IV - High 17/151 2.7(0.9 - 8.0)

*Cut off points for pre illness BMI (kg/mz): I — first Quartile (<23.76), II (23.76-25.84), III (25.84-28.7),
IV (>28.7).

*#* Standard cut off Points for BMI (kg/mz): I (<22), 11, 22-24.9), 111 (25-29.9), IV (>30)

Comparison of the trends in men and women: p=0.10

¥ Data adjusted for age, sex, alcohol, smoking.

77



Table 2.3: Anthropometric Indices and Risk of Gastric Adenocarcinoma (non-

Cardia)"*
Variable Case-Patients/ Multivariate adjusted P Value
Control, n/n Odds Ratio (95% CI) for trend
Pre Illness BMI
Quartile 1 46/223 1.0 (referent)
Quartile 2 31222 0.6 (0.3-1.1)
Quartile 3 37/225 1.0 (0.6 - 1.7) p=0.63
Quartile 4 42/223 0.9 (0.5-1.6)
Males Only
Quartile 1 26/74 1.0
Quartile 2 21/96 0.7(03-1.4) p=0.20
Quartile 3 24/115 1.0(0.4-2.1)
Quartile 4 30/110 1.3 (0.6 - 2.6)
Females Only
Quartile 1 20/149 1.0
Quartile 2 10/126 0.6(0.3-1.4) p=0.66
Quartile 3 13/110 1.1(0.5-2.5)
Quartile 4 12/113 0.6 (0.3-1.5)
Common Cut-off Points BMI**
I -Low 16/99 1.0 (referent)
11 507267 1.3 (0.6-2.7) p=0.63
111 571376 1.2 (0.6-2.5)
IV - High 33/151 1.5(0.7-3.2)

*Cut off points for pre illness BMI (kg/mz): I — first Quartile (<23.76), 11 (23.76-25.84), III (25.84-28.7),

IV (>28.7).

*% Standard cut off Points for BMI (kg/mz): I(<22), 11, 22-24.9), III (25-29.9), IV (>30)

Comparison of the trends in men and women: p=0.21
Y Data adjusted for age, sex, alcohol, smoking.
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Table 2.4: Anthropometric Indices and Squamous Cell Carcinoma®

Variable Case-Patients/ Multivariate adjusted P Value
Control, n/n Odds Ratio (95%CI) for trend

Pre Illness BMI*

Males and Females

Quartile 1 116/223 1.0 (referent)
Quartile 2 59/222 0.5 (0.3-0.8)
Quartile 3 43/225 0.6 (0.3-0.9) p=0.001
Quartile 4 33/223 0.3 (0.2-0.6)

Males Only

Quartile 1 45/74 1.0 (referent)
Quartile 2 38/96 0.8 (0.4-1.6) p=0.1
Quartile 3 24/110 0.8(0.4-1.6)
Quartile 4 21/110 0.6 (0.3-1.2)

Females Only

Quartile 1 71/149 1.0 (referent)
Quartile 2 21/126 0.4 (0.2-0.7) p=0.001
Quartile 3 24/110 0.4 (0.2-0.9)
Quartile 4 21/110 0.2 (0.1-0.4)

Common Cut-off Points BMI**

I-Low 79/99 1.0 (Referent)

I 85/267 0.4 (0.3-0.7)

I1I 60/376 0.3 (0.2-0.5) p=0.001
IV - High 27/151 0.2 (0.1-0.4)

*Cut off points for pre illness BMI (kg/mz):: [ — first Quartile (<23.76), 11 (23.76-25.84), 111 (25.84-28.7),
IV (>28.7).

** Standard cut off Points for BMI (kg/m®): I (<22), II, 20-24.9), III (25-29.9), IV (>30)

Comparison of the trends in men and women: p=0.02

¥ Data adjusted for age, sex, alcohol, smoking.
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2.7  DISCUSSION

Obesity is the strongest emerging risk factor associated with the marked increase in
oesophageal adenocarcinoma in western societies. The incidence of adenocarcinoma of
the oesophagus amongst white US males increased by over 350% from the mid 1970’s to
the mid 1990’s (Devessa et al, 1998), and being overweight is thought to be linked to
approximately 40% of cases (Engel et al, 2003). A recent study estimates that
overweight/obesity, smoking, chronic gastro-oesophageal reflux, and low fruit and
vegetable intake account for almost 80% of cases of adenocarcinoma of the oesophagus,
and smoking and overweight account for 56% of cases of adenocarcinoma of the cardia
(Engel et al, 2003). Increasing BMI has not been associated with SCC of the oesophagus,
whereas alcohol, tobacco and low fruit and vegetable intake are associated with 90% of

cases (Engel et al, 2003).

This study of an Irish population firmly supports the link between rising BMI and the
risk of both adenocarcinoma of the oesophagus and gastric cardia. Obesity (BMI > 30
kg/mz) was associated with a four-fold risk of adenocarcinoma of the oesophagus
compared to males and females with a normal BMI. When the analysis was split for
individual tumour sites the risks associated with high BMI were strikingly more marked
for males compared with females. Males with a BMI in the top quartile had an OR of
adenocarcinoma of the lower oesophagus over nine times that of males in the lowest
quartile. For females the O.R was 3.6 for the top quartile compared with the lowest
quartile but this trend was not significant. When common cut off points for BMI” were
used, individuals with a BMI >3Okg/m2 had over eleven times increased risk for
adenocarcinoma of the lower oesophagus compared with those with a normal BMI. This
risk of adenocarcinoma was independent of the presence of reflux symptoms and the
presence of Barrett’s oesophagus did not affect the strength of the association with BMI.
For adenocarcinoma of the oesophago-gastric junction the relationship between obesity
and cancer was only significant for males with the risk being three-fold higher for males

in the top quartile versus the lowest quartile.

Several studies report a relationship between obesity and adenocarcinoma of the
oesophagus. The first population-based case-control study to investigate dietary and
nutritional risk factors for adenocarcinoma of the oesophagus was carried out by Brown

and colleagues (Brown et al, 1995) in 1995: 174 males with ACA and 750 control
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subjects in three areas of the US were studied from 1985 to 1989, and they reported an
increased risk (OR 3.1) in the heaviest quartile compared with the lightest quartile.
Vaughan and colleagues (Vaughan et al 1995), in a case control of 404 cases of
oesophageal cancer (298 adenocarcinoma and 106 SCC) and 724 healthy controls,
reported that patients in the highest decile of BMI had the greatest (OR 1.9) risk of
adenocarcinoma, and the risk of SCC was inversely related to BMI. Another study, by
Chow and colleagues (Chow et al 1998) examined anthropometric risk factors in a
population-based case control study of 589 cases of SCC and 554 adenocarcinoma cases,
along with 695 healthy control subjects. The risk of adenocarcinoma only rose with
increasing BMI, and the magnitude of the association was greatest among the younger
age groups and among non-smokers. The largest European study is from Lagergren and
colleagues (Lagergren et al 1999) who conducted a nationwide, population-based case-
control study in Sweden of 189 cases of adenocarcinoma of the oesophagus, 262 cases of
gastric cardia adenocarcinoma, 167 of SCC of the oesophagus, and 820 controls, and
reported a significant dose-dependent relationship between BMI and oesophageal
adenocarcinoma. The adjusted OR was 7.6 among persons in the highest BMI quartile
compared to persons in the lowest quartile. In the UK, Cheng and colleagues (Cheng et
al, 2000) conducted a case control study of 74 women with adenocarcinoma of the
oesophagus and showed that a high BMI at the age of 20 years and low consumption of
fruit was associated with increased risk (OR 6.04 for highest BMI quartile versus
lowest). A recent study by Engeland and colleagues (Engeland et al 2004) reported on
2245 cases of oesophageal cancer from Norway. This study did not control for smoking,
alcohol intake or diet, but again reported that obese men had a relative risk of death from

adenocarcinoma of the oesophagus 2.58 times that of normal weight men.

In the largest prospective examination of the influence of overweight and obesity on
deaths from cancer, Calle and colleagues (Calle et al 2003) studied over 900,000 US
adults over 16 years. From the total population 876 deaths from oesophageal cancer in
males and 189 deaths in women occurred. A significant association BMI and death from
oesophageal cancer was seen in males, RR 1.63 (0.95-2.8, p=0.008), but no effect was

observed in women. This study did not differentiate between adenocarcinoma and SCC.

This study demonstrates a strikingly greater link between BMI and adenocarcinoma of
the oesophagus or cardia in men compared with women. An explanation for this is

unclear. One possible mechanism links the gender specific different patterns of adipose

81



tissue distribution between males and females, and the well-described association of
chronic gastro-oesophageal reflux disease (GORD) and adenocarcinoma. Males deposit
fat preferentially in the intra-abdominal region at all ages in contrast to females who
deposit sub-cutaneous adipose tissue predominantly in youth, and only post middle age
do females tend to deposit intra-abdominal adipose tissue preferentially (Misra &
Vikram et al, 2003). This central or android adiposity may increase GORD (La Vecchia
et al, 2002; Rigaud et al, 1995). Obese subjects compared with non-obese subjects have
elevated intra-abdominal and intra-gastric pressures, an increase of transient relaxations
of the lower oesophageal sphincter, slower oesophageal transit and abnormal
diaphragmatic pinchcock and phreno-oesophageal membrane anatomy (Mathys-Vliegen
& Tygat 1996). Obese individuals are over four times more likely than lean individuals
to have a hiatus hernia (HH), and have an overall prevalence of HH of 40% versus
12.6% for the general population (Wilson et al, 1999). The central adiposity of obese
men may be associated with the risk of neoplastic progression in Barrett’s oesophagus
and may account for the male predominance of Barrett’s oesophagus and
adenocarcinoma (Vaughan et al 2002). With increasing duration and severity of reflux
symptoms, and with increasing BMI the risk of adenocarcinoma increases in a dose
dependant manner (Lagergren et al, 1999). When combined, reflux symptoms and
obesity entails a greatly increased risk and relative risk exceeding 100 compared with

persons with neither reflux symptoms nor obesity (Kershaw & Flier, 2004).

This mechanical thesis may be plausible, but since Calle and colleagues (Calle et al
2003) highlighted the link between obesity and death rates from not only oesophageal
but many cancer types, other mechanisms are likely to be relevant. The pleiotropic
properties of the adipocyte have come under scrutiny, in particular adipocytes deposited
centrally, more typical of males, as these cells may have endocrine, paracrine and
immunological properties. This may be manifested in the metabolic syndrome which is
a constellation of metabolic risk factors consisting of atherogenic dyslipidaemia,
elevated blood pressure, elevated blood glucose associated with insulin resistance,
prothrombic and proinflammatory state. Adipose tissue is a complex and highly active
metabolic and endocrine organ, expressing and secreting several endocrine hormones
such as leptin, adiponectin, cytokines, complement components, plasminogen-activator
inhibitor-1, proteins of the renin-angiotensin system and resistin. It is also a major site
for the metabolism of sex steroids and glucocorticoids (Kershaw & Flier, 2004). The

important endocrine function of adipose tissue is emphasised by adverse metabolic

82



consequences of adipose tissue excess. In the metabolic syndrome insulin resistance
induces compensatory hyper-insulinaemia with increased insulin-like growth factor-1
(IGF-1 production), sex hormones and unbound sex hormone level, and these may
interfere with cellular differentiation, proliferation and apoptosis thus increasing the risk
of pre-neoplastic and neoplastic cell growth (Calle & Kaaks, 2004). Leptin, a protein
produced by adipose tissue has recently been shown to increase proliferation of several
cancer cell lines in vitro (Somasundar et al, 2003) and further studies are required
relating adipocyte function with cancer biology. Why certain tumours could be
promoted by the endocrine properties of adipocytes demands further study, in particular
whether leptin and other growth factor receptors are differentially expressed in Barrett’s

and oesophageal adenocarcinoma compared with squamous epithelium.

The authors recognise that this study, like most comparable studies, used pre-illness
reported weights, and recall bias is possible. The link however between body mass and
cancer risk was unknown to the patients, and the patients were unaware of the
histological subtype of their tumours, and thus any impact of recall bias should be
similar for SCC and adenocarcinoma. Moreover, other studies indicate that overweight
and obese individuals under-report their weight to a greater extent than lean individuals,
and that BMI from self-reported weights underestimates the true prevalence of
overweight and obesity (Flood et al, 2000; Kuczmarski et al, 2001). If this assumption is
accepted, we can have confidence in the prevalence of obesity reported in this study and

it may even understate the association.

2.8 CONCLUSIONS

Body Mass Index and adenocarcinoma of the oesophagus and gastric cardia are directly
related in an Irish population. Males are especially sensitive to the increased risk of this
cancer posed by obesity. The prevalence of obesity in Ireland and in Western countries
could be important in understanding the increasing incidence of this tumour. Further
research into oesophageal and gastric cardia adenocarcinoma is needed to clarify the risk
factors and mechanisms responsible for the upward trends as well as the racial and
gender disparities. Further work should establish the link between obesity, reflux, and
oesophageal adenocarcinoma, and, in particular, the potential pro-inflammatory and pro-
tumourigenic pathways facilitated through the altered immunological, metabolic and

endocrine milieu in obesity, in particular male obesity.
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CHAPTER 3

PROSPECTIVE INVESTIGATION OF THE INCIDENCE OF CENTRAL

ADIPOSITY, METABOLIC SYNDROME, INSULIN RESISTANCE

AND ADIPO-CYTOKINE SECRETION AMONGST PATIENTS WITH

GASTRO-OOESOPHAGEAL REFLUX DISEASE AND BARRETT’S

OESOPHAGUS.
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3.1 SUMMARY

Background: Obesity is a risk factor for oesophageal adenocarcinoma, with
inflammation and metaplasia secondary to obesity-related acid reflux the dominant
hypothesis. The pro-inflammatory impact of adipo-cytokines associated with the
metabolic syndrome of central adiposity may also be relevant. The primary aim of this
study was to perform a detailed nutritional assessment on a patient population with
Barrett’s oesophagus, to screen for the metabolic syndrome, and to measure adipokines

and cytokines that may have relevance to inflammation and tumour development.

Methods: Patients with Barrett’s oesophagus or non-Barrett’s Gastro Oesophageal
Reflux Disease (GORD) were selected from hospital databases and invited to attend for
metabolic and nutritional assessment. Studies performed included anthropometry,
segmental body composition analysis by bioelectrical impedance, fasting lipids, insulin,
glucose, and C-reactive protein in all patients, and measurement of a panel of adipokines

and cytokines in the Barrett’s population.

Results: 180 patients (102 Barrett’s, 78 GORD) were studied. Seventy eight percent of
Barrett’s patients and 75% of GORD patients were overweight or obese according to
BMI (p=ns). 46% of Barrett’s patients had metabolic syndrome compared with 32% of
GORD (p = 0.04), and the number of features of metabolic syndrome was significantly
(p = 0.03) increased in the Barrett’s cohort. Within the Barrett’s cohort, metabolic
syndrome was significantly associated with an adverse metabolic profile including
increased trunk fat, a 10cm greater waistline, elevated CRP, leptin, insulin resistance,
hypertension, and decreased adiponectin. Moreover, in patients with long-segment
metaplasia (>3cms), 60% had metabolic syndrome and 92% were centrally obese
compared with 23.8% and 62% respectively (p=0.007 and 0.005) in patients with short
segment Barrett’s (<3cms). Long-Segment Barrett’s also had significantly higher IL-6

levels than short segment Barrett’s (4 versus 0.56, p=0.03).

Conclusions: We report herein, for the first time, a high prevalence of obesity and
metabolic syndrome in a cohort of Barrett’s Oesophagus, which far exceeds population
norms and also an association between central fat, metabolic syndrome, and the
adipocytokine profile in patients with long-segment Barrett’s compared with short-
segment Barrett’s oesophagus, suggesting a pathway that may be important to the

continuum of metaplasia within the Barrett’s cohort.
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3.2 INTRODUCTION

The pathologic phenotype of specialised intestinal metaplasia (SIM) defines Barrett’s
oesophagus (Sampliner, 1998), and SIM is the sole recognized precursor of
adenocarcinoma of the oesophagus. Patients with Barrett’s oesophagus have a 30-40 fold
increased risk of developing oesophageal adenocarcinoma. The existing consensus is that
long-standing acid and bile reflux results in chronic inflammation and SIM over a
variable length of the oesophagus, and that SIM may progress through dysplasia to
adenocarcinoma. The factors that determine why an individual with reflux develops SIM
remain unclear, and information on factors determining the length of SIM within a
Barrett’s oesophagus as well as what governs progression from SIM to dysplasia and

cancer is unknown.

There has been a marked recent increase in the incidence of oesophageal
adenocarcinoma in the Western world, and this has been paralleled by an increased
prevalence of obesity. Epidemiological evidence strongly links obesity with oesophageal
adenocarcinoma, and obesity may be a factor in up to 40 percent of cases (Ryan et al,
2006; Calle et al 2003; Lagergren et al 1999; Chow et al 1998; Vaughan et al 1995;
Brown et al, 1995; Engel et al 2004). Although obesity promotes gastro-oesophageal
reflux disease (GORD) and this presents one possible pathway to adenocarcinoma, the
association of obesity with the intermediate steps, including the development and extent
of Barrett’s oesophagus, and the progression of Barrett’s metaplasia to dysplasia and
adenocarcinoma is poorly understood. Moreover, obesity is positively associated with
the prevalence and death rates of many other cancers, and therefore other mechanisms
may be important, in particular the systemic inflammatory state consequent on the
altered metabolism in obese patients, and the associated impact of adipokines, cytokines,
and pro-coagulant factors released by adipocytes, particularly central fat. This may be
manifest in the Metabolic Syndrome, best described in association with cardiovascular
disease and type II diabetes, where the usual screening variables are waist circumference,
circulating levels of triacylglycerols and high-density lipoprotein cholesterol, fasting
glycaemia, and blood pressure (Despres & Lemieu, 2006; Guzik et al, 2006). It is
estimated that approximately 24 percent of US adults have metabolic syndrome, and
approximately 12 percent in Europe. There is no national reference data in Ireland for the

prevalence of metabolic syndrome in the normal population, but a recent study of over
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1000 individuals aged between 50 and 69 reported a prevalence of metabolic syndrome

of 21 percent (Villegas et al, 2006).

The primary aim of this study was to perform a detailed nutritional assessment on a
patient population with Barrett’s oesophagus, to screen for the metabolic syndrome, and
to measure adipokines and cytokines that may have relevance to inflammation and
tumour development. A contemporaneous cohort of patients with non-Barrett’s GORD
was also studied. We report herein a high prevalence of obesity and metabolic syndrome,
as well as an association between central fat, metabolic syndrome, and the adipocytokine
profile in patients with long-segment compared with short-segment Barrett’s
oesophagus, suggesting metabolic alterations in obesity that may be important in the

progression of Barrett’s.

3.3 PATIENTS AND METHODS

The study was approved by the hospital ethics committee for research involving human
subjects according to the Helsinki agreement. Informed consent was obtained from all
patients prior to participation (See appendices for patient information leaflet and consent

forms).

3.3.1 Patients

Cases were identified from the electronic endoscopic records kept at St. James’s
Hospital. Cases were eligible who were diagnosed with SIM or endoscopically evident
Barrett’s oesophagus since 2005. The pathological records of patients were also checked
to confirm the findings of SIM on biopsy. In addition to this, the records of patients who
attended the Upper Gastrointestinal Function Unit for pH manometry were searched for
suitable cases of GORD and/or Barrett’s. Cases identified in this manner were cross
checked for pathological evidence of SIM in the case of Barrett’s and for significant acid
reflux (> 14.92 De Meester score) identified by 24 hr pH study for GORD cases
(Scarpulla et al, 2007). Long Segment Barrett’s (LSB) was defined as Barrett’s of 3cm or
greater, and Short Segment Barrett’s (SSB) was defined as <3 cms. Every suitable
patient identified during tis time frame were invited by letter to attend one of several
Oesophageal Research Clinics with a view to undergoing an assessment of nutrition and
metabolism. At the clinic patients met with a consultant upper gastrointestinal surgeon

who explained the nature of the study and obtained informed consent. Patients were
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excluded from the study if they had adenocarcinoma of the oesophagus or junction; had
undergone anti-reflux surgery or were suffering from any chronic inflammatory disorder
or other form of malignancy. Once consented, patients attended an assessment with a
research dietitian who carried out several measurements as detailed below and also asked
about reflux symptoms, medication use, medical history, alcohol and tobacco use and

physical activity (see appendix for case report form).

3.3.2 Venous Blood Sampling

After a 12-hour overnight fast, venous blood samples were taken for the measurement of
plasma concentration of glucose (fasting); total, HDL- and HDL- cholesterol,
triglycerides, fasting insulin levels and C reactive protein (CRP). Serum from patients
with Barrett’s oesophagus was also frozen at —80°C for later measurement of adipokines
as well as cytokines and growth factors. The degree of insulin resistance was estimated
by Homeostatic model assessment (HOMA) according to the method described by
Matthews et al (Matthews et al 1985), an insulin resistance score (HOMA-IR) was
computed with the formula: Fasting plasma glucose (mmol/l) X fasting serum insulin
(mU/I) divided by 22.5. Low HOMA-IR values indicate high insulin sensitivity, whereas

high HOMA-IR values indicate low insulin sensitivity (insulin resistance).

3.3.3 Anthropometry, Segmental Body Composition Analysis & Blood Pressure

Weight was measured using a digital scales to within 0.1kg, without heavy outdoor
clothing or shoes. Height was measured barefoot using a portable stadiometer (Seca) to
within 0.5cm. Waist circumference (to within Imm) was measured using a plastic tape
at the midpoint between the lowest rib and the iliac crest with the subjects standing, after
gentle expiration. Segmental body composition was analysed using the Tanita BC 418
MA bioelectrical impedance analyzer (Tanita UK Ltd, Middlesex, UK) which gives
precise information on the amount of lean and fat tissue in the trunk area and in each
limb, as well as overall body composition and hydration status. Blood pressure was
measured with a digital sphygmomanometer on the left arm after at least 10 minutes of
rest. The mean blood pressure result was determined from three independent

measurements.

3.3.4 Metabolic Syndrome Classification
Metabolic syndrome was diagnosed according to the criteria set out by the International

Diabetes Federation (Alberti et al 2006): central obesity (waist circumference > 94cm
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European males, > 80 cm European females) plus any two of the following: raised
Triglycerides > 1.7mmol/l or specific treatment for this lipid abnormality; reduced HDL
<1.03 mmol/l in males or <1.29mmol/l in females; raised blood pressure: systolic: 2
130mmHg or Diastolic 285 mmHg, or treatment of previously diagnosed hypertension;
fasting plasma glucose > 5.6 mmol/l or previously diagnosed Type II Diabetes. Patients

were also classified according to the National Cholesterol Education Programme (NCEP)

Adult Treatment Panel III definition of Metabolic Syndrome (NCEP 2001).

3.3.5 Quantification of Serum Adipokines

Leptin, Adiponectin, and Resistin levels in serum were determined by standard ELISA
techniques (Linco Research Inc, Missouri, USA). Briefly, the assay is a sandwich
ELISA, based sequentially on concurrent capture of Human adiponectin, leptin or
resistin molecules from samples to the wells of a microtitre plate coated with a
monoclonal antibody to the captured molecules, washing of unbound materials from
samples, binding of conjugate to the immobilised biotinylated antibodies, washing of
excess of free enzyme conjugates and quantification of immobilised antibody-enzyme
conjugates. The enzyme activity was measured spectrophotometrically by the increased
absorbance at 450nm-590nm after acidification of formed products, and concentrations

calculated from a reference curve.

3.3.6 Quantification of Serum Cytokines

A panel of cytokines and growth factors were measured using the Randox Evidence
Investigator (Randox Laboratories, Belfast, U.K). These included IL-2, IL-4, IL-6, IL-8,
IL-10, TNFa, IL-1a, IL-1B, INFy, VEGF, EGF and monocyte chemotactic protein-1
(MCP-1) as described previously (Fitzgerald et al, 2005).

3.4 STATISTICAL ANALYSIS

Statistical analysis was conducted using SPSS® Version 14.0 for Windows™ (SPSS®
Inc., Chicago, IL). Mean (+ standard deviation) were compared with each other using
paired samples t-tests. Cross-tabulation was used to compare differences between groups
for categorical variables. Significant differences were tested using Pearson Chi-square
analysis. Differences in mean laboratory data and anthropometric data across categories

were evaluated using one-way analysis of variance (ANOVA). Where statistically
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significant effects were encountered (p<0.05), comparisons of means were made using

Scheffe post-hoc multiple comparisons test.

3.5 RESULTS

There was a 70% response rate from Barrett’s patients and a 68% response rate from
GORD patients to the invitation to attend the Oesophageal Clinic. In total 188 patients
attended the clinics and all gave informed consent. Eight patients did not meet the
inclusion/exclusion criteria and were excluded due to the following pre-existing
inflammatory diseases (e.g. Arthritis (2), Crohns Disease (1), Cellulitis (1), Alcoholic
Liver Disease (2), Breast Cancer (2)). One hundred and eighty patients were included,
115 males and 65 females, 102 with proven Barrett’s Oesophagus and 78 with confirmed

GORD from pH studies.

3.5.1 Anthropometry, Biochemistry and Prevalence of Metabolic Syndrome in Barrett’s
versus GORD (Table 3.1)

The mean age at assessment was 56 years (+12.5) in Barrett’s and 52 years (+ 11.5) for
GORD (p=0.001). Barrett’s cases had a significantly higher DeMeester score compared
with GORD (67 versus 42, p=0.007). Seventy eight percent of Barrett’s patients and
75% of GORD patients were overweight or obese according to BMI (p=ns). When
classified according to central obesity cut-off points (>80cm for women and >94cm for
males), 78% of Barrett’s and 74.5% of GORD were centrally obese (p=ns). There was no
significant difference in any of the segmental body composition analysis results between
the two groups. Twenty four percent of Barrett’s patients were on anti hypertensive
medication versus 9% of GORD (p=0.006), and 13% were on cholesterol lowering
medication versus 9% in GORD group (p=0.301). Thirty three percent of Barrett’s and
27% of GORD patients reported heavy alcohol consumption (>14 units/week for females
and > 21 units week for males). Thirty seven percent of Barrett’s and 37% of GORD
patients had a gamma GT level above the normal reference range (i.e. 40 IU/L). There
was no significant difference in the reported physical activity levels at work-time,
however, Barrett’s patients were significantly less active in their leisure time than GORD
cases (p=0.006).

The prevalence of Metabolic Syndrome was 46% in Barrett’s cases and 32% in GORD
cases (p= 0.04) using the International Diabetes Federation definition (Alberti et al,

2006). There was also a significant difference in the number of features of the Syndrome
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between the two groups, with 46% of patients in the Barrett’s cohort having 3 or more
features of the metabolic syndrome compared with 32% in the GORD cohort (p = 0.03).
The same pattern was also confirmed when the NCEP ATP III definition of Metabolic
syndrome was used. Barrett’s cases were significantly more likely to have hypertension
than GORD patients (68% versus 43%, p=0.001) or to be on treatment for hypertension
(24.5% versus 9%, p=0.006); the mean systolic BP was 144 mmHg (+ 20) for Barrett’s
and 138 mmHg (+ 16) for GORD (p=0.02), the mean diastolic BP was 90 mmHg for
Barrett’s (+18) and 84 mmHg (+10) for GORD, p=0.003. The mean + SD CRP level in
Barrett’s patients was 6.3(12) compared with 5.7(10) in the GORD cohort (p = ns).
Barrett’s patients however were more likely to have a CRP above the normal range (i.e.
10mg/L) versus GORD (15.8% versus 5.7%, p=0.054). There was no significant

difference in fasting insulin levels or in the HOMA-insulin resistance scores.

3.5.2 Prevalence of Metabolic Syndrome in Patients with Barrett’s Oesophagus (Table
12)

There were 47 patients (46%) in the Barrett’s cohort with the metabolic syndrome.
Compared with patients without the Metabolic Syndrome, Barrett’s patients with the
Syndrome were significantly heavier and had a higher BMI, had significantly greater
waist circumference (96cms versus 106 cms, p=0.0001) with higher trunk fat as a
percentage (27.6 versus 32%, p=0.006) and in kg (12 kg versus 15 kg, 0=0.003).
Barrett’s patients with Metabolic syndrome had significantly higher levels of insulin
(p=0.006), HOMA-IR (p=0.007), fasting glucose (p = 0.006), CRP (8.4 versus 4.5,
p=0.019), and Ileptin (p=0.006). Differences in adiponectin levels approached
significance (p=0.096), with lower levels in the cohort with the metabolic syndrome.
There was no significant difference in resistin between both groups. = When we
compared the mean serum cytokine levels (IL-2, IL-4, IL-6, IL-8, IL-10, VEGF, INFy,
TNFa, IL-1a, IL-13, MCPI, or EGF) of Barrett’s patients with Metabolic Syndrome to
those without Metabolic Syndrome, there was no significant difference between the
groups (data not shown).

The mean levels of leptin, adiponectin and insulin per BMI group in the Barrett’s cohort
are shown in Figure 3.1. As BMI increased the levels of leptin (p=0.037) and insulin
(p=0.0001) increased significantly and the levels of adiponectin decreased significantly

(p=0.005).
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Table 3.1: Anthropometric and metabolic features of Barrett’s versus GORD

patients. Values shown as mean (standard deviation) or percentage.

Barrett’s GORD P
(n=102) (n=78)

Male: Female 70:32 45:33 0.007
Mean Age (range) 56 (26-83) 52(27-75) 0.001
DeMeester Score (range) 67 (18-196) 42(15-115) 0.007
Hypertensive (BP >130/85) 68% 43% 0.001
Systolic BP 144 (20) 137 (16) 0.02
Diastolic BP 90 (18) 84 (10) 0.003
Metabolic Syndrome 46% 32% 0.04
Number features of Met Syndrome

0 12.9% 20%

1 12.7% 25.5%

2 28.4% 22.5%

3 31.4% 12.6% 0.03

4 13.6% 18%

5 1.0% 1.4%
CRP (mg/L) 6.3(12) 5.7(10) ns
High CRP (>10 mg/L) 15.8% 5.7% 0.054
Insulin (mU/L) 1551(95) 8.5 (6) ns
Hyperinsulinaemia 16% 17% ns
HOMA-IR 1.9(2.1) 1.9(1.5) ns
Weight (kg) 81(14) 81 (18) ns
BMI kg/mz(mean) 28.5(4) 28.7(6) ns
Waist Circumference(cm) 101(12) 98(14) ns
Central Obesity (yes) 78.4% 74.5% ns
Trunk Fat % 29.6(8) 29.3(9) ns
Trunk Fat Mass (kg) 13:5(5) 13.1(6) ns
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Table 3.2: Anthropometric and metabolic features of Barrett’s patients according

to Metabolic Syndrome Classification (mean & standard deviation)

Barrett’s Oesophagus
Non Met Syndrome Met Syndrome P
n=55 n=46
Age (years) 54 (13) 59 (12) 0.039
DeMeester Score 63 (51) 72(54) 0.546
BMI (kg/m’) 27(3.5) 30.2(4.5) 0.0001
Weight (kg) 78 (14) 84 (14) 0.02
Waist Circumference (cm) 96.6 (11) 106 (10) 0.0001
Systolic BP (mmHg) 139 (19) 150 (88) 0.006
Diastolic BP (mmHg) 88 (15) 93(20) ns
Insulin (mU/L) 6.1(4) 9.1(6.7) 0.006
Hyperinsulinaemia 8.6% 25.4% 0.009
HOMA-IR 1.3(0.9) 2.5(29) 0.007
Fasting Glucose (mmol/L)  4.9(0.4) 5D (152) 0.0001
CRP(mg/L) 4.5 (3.6) 8.4(17) 0.019
Leptin (ng/ml) 1.06(1.1) 3.18(2.2) 0.006
Adiponectin (pg/ml) 11(5:5) 8.1(4.0) 0.096
Resistin (ng/ml) 10(3) 12(3.8) ns
Fat % 27 (8.6) 32(7.3) 0.006
Fat Mass (kg) 21 (8.7) 274(T.3) 0.002
Fat Free Mass (kg) 56 (10) 57 (10.7) ns
Trunk Fat % 27.6(8.5) 3216.3) 0.006
Trunk Fat Mass (kg) 12.3(4.9) 15 (3.4) 0.003
Trunk FFM (kg) 31 (5.3) 32 (5.8) ns
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Figure 3.1: (A) Serum Leptin levels (ng/ml), (B) Adiponectin levels (pg/ml) and (C)
fasting Insulin levels (mU/L) in Barrett’s patients according to BMI group (normal

= 20-24.9 kg/m?, n=22, overweight = 25-29.9 kg/m” n=45, obese= >30 kg/m* n=35).
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3.5.3 Obesity, Metabolic Syndrome and Length of Barrett’s (Table 3.3; Figure 3.2)
Precise data concerning the length of Barrett’s was available for 79 Barrett’s cases.
There were 49 patients with long segment Barrett’s (LSB), and 30 with short segment
Barrett’s (SSB). There was no significant difference in age between the two groups.
There were significantly (p<0.05) more obese patients (43%) with LSB compared with
SSB (19%). Fifteen percent of the LSB cohort had a normal BMI compared with 33% of
the SSB cohort (p=0.01). Ninety three percent of LSB patients were centrally obese
compared with 62% of SSB patients (p=0.005) and LSB was significantly associated
with a greater waistline (106cm versus 95cm, p=0.0001), and greater trunk fat (14.7 kg
versus 12.5 kg, p=0.049) compared with SSB.

There was no difference in the incidence of hypertension (33% versus 22.5%, p=0.56),
use of statins (4.8% versus 15%, p=ns), or any of the lipid profile or incidence of
hypertriglyceridaemia (19% versus 30%, p=ns) parameters between short and long
segment Barrett’s. Sixty percent of LSB patients had the metabolic syndrome, compared
with 24% in patients with SSB (p=0.007), and this was also associated with a higher
incidence of hyperinsulinaemia (20% versus 0%, p=0.049), a trend towards higher
HOMA-IR scores in LSB cases (1.8 versus 1.2, p=0.075) and significantly higher serum
IL-6 levels (4.0 versus 0.6, p=0.03). There was no difference in any of the other

cytokines, growth factors or adipokines between the groups.
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Table 3.3: Anthropometric and metabolic features of Long Segment Barrett’s

(>3cms) versus Short Segment Barrett’s (<3cms). Means (standard deviation).

Short Segment (n=30) Long Segment (n=49) P

Age (years) 60(11.5) 54.8(12.5) 0.092
Length of Barrett’s (cm) 1.2(0.8) 6.5(3.2) 0.0001
Metabolic Syndrome 23.8% 60% 0.007
No. features Met Syndrome 1.76(1) 2:5(150) 0.01
Insulin 5.3(2.8) 7.5(4.4) 0.049
Hyperinsulinaemia (>12) 0% 20% 0.026
HOMA-IR 1.2(0.7) 1.8(1.2) 0.075
Anthropometry
Waist Circumference 95(11) 106(10.8) 0.0001
Central Obesity 62% 92.5% 0.005
BMI 26.8(4.4) 29.5(4.5) 0.033
Overweight (25-30) 48% 42.5% ns
Obese (>30) 19% 42.5% 0.05
Fat Mass (kg) 21.8(7.7) 25.8(8.4) 0.091
Trunk Fat Mass (kg) 12.5(4) 14.7(4) 0.049

Adipo-cytokines

CRP (mg/L) 5.6(6.3) 7.7(18) ns
Leptin (ng/ml) 0.8(0.7) 2 H2:3) ns
Adiponectin (ug/ml) 8.4(4.1) 8(4.1) ns
Resistin(ug/L) 13.3(2.2) 11.2(3.7) ns
IL2 (pg/ml) 0(0) 1.01(1.68) ns
IL4 (pg/ml) 1.23(1.1) 1.5(1.56) ns
IL6 (pg/ml) 0.56(0.4) 4.0(6.1) 0.03
IL8 (pg/ml) 8(3.1) 6.7(3.9) ns
IL10 (pg/ml) 0.7(0.6) 0.4(0.5) ns
VEGF (pg/ml) 99.7(56.7) 163(149) ns
INFy (pg/ml) 0(0) 0.1(0.5) ns
IL-1a (pg/ml) 0(0) 0.3(0.4) ns
IL-1P (pg/ml) 0(0) 0.2(0.5) ns
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Figure 3.2: Long Segment Barrett’s (>3cms) versus Short Segment Barrett’s

(<3cm): Features of the Metabolic Syndrome and Anthropometry.

OLong Segment Barretts

M etabolic Synd Central Obesity BMI > 30 Hyperinsulinemia
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3.6 DISCUSSION

This is the first study to our knowledge to explore obesity and related metabolic
abnormalities in patients with Barrett’s oesophagus, and to document adipokine and
cytokine responses in this patient population. In an unselected cohort, the incidence of
metabolic syndrome at 46% for Barrett’s patients, and 62% in patients with long-
segment Barrett’s oesophagus, far exceeds available U.S., European and Irish data where
a prevalence of approximately 20 percent may have been anticipated (Villegas et al,
2006; Moller & Kaufman 2005; Ford et al, 2002). In this study, the metabolic syndrome
was also associated with a systemic immuno-inflammatory response, evident by
increased levels of C-reactive protein and IL-6, and a relative insulin resistance through
raised insulin and lower adiponectin levels. Body composition analysis highlighted the
unique role of central fat, particularly in patients with long-segment Barrett’s, where
92.5% were centrally obese and had a mean 11 cm greater waistline than the cohort with

short segment Barrett’s.

Obesity is a known independent risk factor for oesophageal adenocarcinoma (Ryan et al,
2006; Calle et al 2003; Lagergren et al 1999; Chow et al 1998; Vaughan et al 1995;
Brown et al 1995; Engel et al 2003). In Chapter 2 of this thesis data is given from the
first Irish study on obesity and cancer, reporting an almost 10-fold increase in the odds
ratio of oesophageal adenocarcinoma with obesity compared with a normal BMI (Ryan
et al 2006). Numerous studies also support a positive association between obesity and
GORD (Locke et al, 1999; Nilsson et al 2003; Delgado-Aros et al, 2004; Nandurkar et al,
2004; Wilson et al 1999; Chang et al 1997; Ruhl & Everhart 1999; Jacobson et al, 2006).
In a recent meta-analysis of nine reports, an association between BMI and erosive
oesophagitis was reported in 6 of 7 studies (Hampel et al, 2005). The evidence is also
that the link between obesity and reflux symptoms remains significant when other factors
such as the presence of hiatus hernia, smoking, race, gender, family history of GORD, or
dietary fat intake are controlled (Nandurkar et al, 2004; Wilson et al 1999; Jacobson et al
2006; El-Serag et al 2005).

The simplest disease construct is that obesity promotes reflux, and that chronic
inflammation and Barrett’s metaplasia predispose to adenocarcinoma. In view of the
pivotal position of SIM in this disease model, and the large evidence-base associating

obesity and GORD, and obesity and adenocarcinoma, it is surprising that there are few
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studies examining the association between obesity and Barrett’s oesophagus. In a
retrospective review including 65 cases of Barrett’s and 385 non-Barrett’s refluxers,
Stein et al (2005) reported that obesity was associated with a 2.5 fold increase in the risk
of Barrett’s oesophagus— for each ten pound increase in weight, or five-point increase in
BMI, there was a 10% and 35% increase in the risk of Barrett’s oesophagus,
respectively. Smith et al (2005) in a population-based study of 167 cases of Barrett’s
Oesophagus and 261 matched controls reported that obese people with self-reported
symptoms of acid reflux had higher risks of Barrett’s oesophagus (OR 34.4, 95% CI 6.3-
188) than patients with reflux alone (OR, 9.3; 95% CI 1.4-62.2) or obesity alone (OR
0.7,95% CI1 0.2 - 2.4).

An intriguing link may exist between the pattern of fat distribution and the risk of
Barrett’s oesophagus and adenocarcinoma. In a retrospective case-control study of 36
patients with Barrett’s oesophagus and 93 controls that underwent abdominal CT scan
where the surface of visceral adipose tissue and subcutaneous adipose tissue at the level
of inter-vertebral disc between L4 and L5 were calculated, visceral fat was an even
stronger independent risk factor for Barrett’s oesophagus than BMI (El-Serag et al
2005). Although central or visceral fat may predispose to hiatal hernia, increase
transient relaxations of the lower oesophageal sphincter, and decrease oesophageal
peristalsis, visceral fat may also be metabolically active and be associated with the
metabolic syndrome. In addition to the well characterised features of hypertension,
altered glucose metabolism, insulin resistance, and dyslipidaemia, the syndrome is
associated with a pro-inflammatory state from the release of adipokines and cytokines
which theoretically could promote tissue inflammation and tumourigenesis (Xu et al
2003; Cannon et al 1993; Weinsier et al 2001). Since obesity may be linked to death
rates from not only oesophageal, but many other cancer sites (Calle et al 2003), research
into Barrett’s oesophagus and oesophageal adenocarcinoma should also explore the
relevance of these pathways in both the development of SIM and it’s progression to

dysplasia and cancer.

In this study, the incidence of obesity in an unselected Barrett’s and GORD cohort was
high, at 34 and 38 percent respectively. Both cohorts had proven significant acid reflux,
and the greater level of reflux in Barrett’s is anticipated (Attwood et al 1993; Kauer et al
1995). This is consistent with a recent report of 751 patients with reflux, 22% of whom

had Barrett’s oesophagus, where the mean BMI was 27.8 overall but there was no
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difference between Barrett’s and non-Barrett’s groups (Gerson et al 2007). In this study
the pattern of fat deposition was predominantly central in both cohorts, with an estimated
trunk fat mass of between 13 and 14 kg in both groups. In the overall group the vast
majority of patients (76%) were centrally obese, and 78% were overweight or obese on
BMI alone. Forty nine percent had dyslipidaemia, 16% fasting hyperinsulinaemia, 18%
fasting hyperglycaemia and 30% reported heavy alcohol consumption. Because the
mean age in the Barrett’s group was older than the GORD cohort, at 56 and 50
respectively, it is unclear whether the development of SIM is a continuum with
increasing BMI, or whether the response pattern or oesophagitis, non-erosive disease, or
SIM, is pre-determined, perhaps genetically, as has been suggested (Quigley, 1997;
Fitzgerald & Farthing 2000).

The primary focus of the study was on the Barrett’s cohort, and these patients underwent
detailed assessment of adipokine and cytokine production in addition to nutritional
assessment. Barrett’s patients with metabolic syndrome were significantly older than
those without metabolic syndrome, had a higher BMI, body weight, waist circumference,
fat mass, trunk fat mass, and had significantly higher fasting glucose, triacylglycerol,
CRP, and leptin levels and significantly higher rates of fasting hyperinsulinaemia and
poorer insulin sensitivity as confirmed by elevated HOMA-IR levels. Adiponectin and
resistin and serum cytokines were not significantly different between cohorts. The
relevance of metabolic syndrome and insulin resistance to the progression of Barrett’s
will demand long-term prospective studies, but the association of metabolic and
immunoinflammatory changes with the length of SIM may be an important observation.
Long-segment Barrett’s oesophagus is associated with a greater risk of adenocarcinoma
than short-segment Barrett’s, but whether this relates solely to the quantity of at-risk
epithelium, or other factors in combination, is unknown. In this study, patients with long-
segment SIM were significantly more obese than patients with short segment changes
(42.5% versus 19%, p=0.05), and just 15% of patients with long-segment disease had a
normal BMI compared with 33% of patients with short segment disease (p=0.01). The
majority (93%) of long segment Barrett’s patients had central obesity, and on segmental
body composition analysis this cohort had greater fat in their trunk than the short
segment cohort (14.7 kg versus 12.5 kg, p=0.049). Moreover, metabolic syndrome was
present in 60 percent compared with 24 percent in long and short —segment cohorts

respectively; hyperinsulinaemia was evident in 20 percent of the long-segment patients
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as well as a trend towards poorer insulin sensitivity, and systemic immunoinflammation

as measured by IL-6 and CRP was more evident in the long-segment group.

The implications of metabolic syndrome and the associated adipocytokine response with
respect to the length of metaplasia and the risk of progression demands further study. A
recent study demonstrated increasing risk for cell-cycle (aneuploidy) and genetic
abnormalities (17p loss) in Barrett’s oesophagus with increasing waist: hip ratio, in
keeping with the thesis that distribution of body fat (central obesity) may be more
important than BMI (Vaughan et al, 2002). Focused studies are now required that
address whether the metabolic syndrome and the documented systemic response impact
on key regulators of inflammation and tumourigenesis in the oesophagus, including
Nuclear Factor kappa B, Mitogen Activated Protein kinases, Cyclo-oxygenase 2 (Cox 2),
Tumour Necrosis Factor-alpha, and Interleukin-8. The role of leptin in the oesophagus
may also be relevant, as leptin stimulates proliferation and inhibits apoptosis in Barrett’s
oesophageal adenocarcinoma cells (Ogunwobi et al 2006). The analysis of whether the
pattern of expression of leptin receptors and other growth factors is altered in Barrett’s

epithelium in the presence of the metabolic syndrome also demands analysis.

While this study has yielded novel findings in the area of obesity and Barrett’s
oesophagus future studies are needed to expand the patient numbers particularly in the
Barrett’s cohort as this would allow for better age and sex matching. Another limitation
of this study is the reliance on historical data on the prevalence of metabolic syndrome in
the “normal” population. Extended studies in this area should consider recruitment of
healthy subjects to act as a control arm. Ideally these subjects should also have upper GI
endoscopy and pH studies to rule out asymptomatic oesophagitis which is estimated to

be present in 37% of patients with oesophagitis (Shaheen & Provenzole, 2003).

3.7 CONCLUSION

In conclusion, this study demonstrates a surprisingly strong association between obesity,
the metabolic syndrome, central adiposity, and reflux manifest as GORD or Barrett’s
oesophagus. The prevalence of metabolic syndrome in the Barrett’s cohort, and
particularly the relationship between the length of Barrett’s and altered leptin, insulin,
and pro-inflammatory markers, suggests that changes in Barrett’s may be a continuum

that is impacted upon by the metabolic changes induced by adipokines and cytokines.
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This thesis needs validation in further studies, as well as prospective follow-up data on
disease progression, and molecular studies on the inflammatory milieu in the metaplastic
epithelium itself that may uncover mechanisms of progression. The study is consistent
with studies linking obesity and GORD, and obesity and adenocarcinoma. The data in
the Barrett’s cohort at minimum highlights a target population that need general health
advice, and suggests a potential added value of prevention and treatment in this cohort

may be a reduction in the progression of metaplasia and further consequences.
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CHAPTER 4
A COMPARISON OF POSTOPERATIVE MORBIDITY,
MORTALITY AND SURVIVAL OF NEO-ADJUVANT THERAPY
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“Neoadjuvant chemoradiation may increase the risk of respiratory complications
and sepsis after transthoracic esophagectomy”.

John V Reynolds, Narayanasami Ravi, Donal Hollywood, Michael J Kennedy, Suzanne

P Rowley, Aoife Ryan, Niall Hughes, Patrick J Byrne.
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41 SUMMARY

Background: The role of neo-adjuvant chemotherapy and radiation therapy prior to
resection in oesophageal cancer remains controversial. Operative risks may be increased,
but this has not been systematically addressed in published trials or reports. The aims of
this study were to investigate the incidence of postoperative morbidity and mortality
amongst patients who underwent curative oesophagectomy after neo-adjuvant therapy or

surgery alone.

Methods: Medical records of 213 consecutive patients undergoing oesophagectomy for
oesophageal cancer by a single consultant surgeon from 1996 to 2004 were reviewed.
Patients were included in the study if they were of curative intent to surgery and had
clear margins in final pathology (RO). This represented 148 cases, 70 of which
underwent neo-adjuvant therapy and 78 surgery alone. Data on diagnosis, stage of
disease, surgical approach, patient co-morbidities, technical complications, and
postoperative medical complications and outcomes including length of stay and overall
survival were determined. The primary predictor was surgical complications and the
primary outcome was survival. Multivariate logistic regression models were used to
identify the odds ratio of postoperative morbidity and mortality. Actuarial survival was
calculated from the date of positive histological diagnosis by the Kaplan-Meier method,

and comparisons between the two groups were made by the log rank test.

Results: Multimodal therapy was associated with increased respiratory and septic
complications compared with a surgery—only cohort undergoing the equivalent surgery.
The odds ratio for sepsis, respiratory failure, Adult respiratory Distress Syndrome and
Renal Dysfunction was significantly increased with neo-adjuvant therapy. There was a
concerning trend towards increased in-hospital mortality in the neo-adjuvant group. No
significant difference in median survival, and the 1, 2 and 3-year survival rates in neo-

adjuvant therapy versus surgery alone were found.

Conclusions: In this non-randomised comparison of neo-adjuvant therapy and surgery
alone in patients undergoing curative RO resection, neo-adjuvant therapy was associated
with increased postoperative complications and no improvement in survival. These data
suggest that efforts should be made to limit radiation lung exposure in multimodal
regimens, and to understand and modulate the local and systemic effects of preoperative

chemo-radiation.

104



4.2 INTRODUCTION

Carcinoma of the oesophagus and gastro-oesophageal junction represent aggressive
diseases with a poor prognosis even in patients undergoing curative resection (Enzinger
& Mayer, 2003; Daly, 2000). Where squamous cell histology once predominated, the
incidence of oesophageal adenocarcinoma in the western world has risen dramatically
over the past three decades (Blot et al, 1991; Pera et al, 1993). Oesophagectomy remains
the gold standard treatment for resectable oesophageal cancer. However the proximity
of the oesophagus to vital mediastinal structures may compromise a complete curative
(RO) resection, and micrometastatic disease is often present at the time of diagnosis.
Even with en-bloc resections and with radical 2 or 3 field lymphadenectomy, 3-year
survival rarely exceeds 40 per cent (Altorki et al, 2002; Lerut et al, 1999; Siewert et al,
2001).

The disappointing outcomes from surgery alone have resulted in considerable interest in
multimodal approaches, either neo-adjuvant chemotherapy alone or combined with
radiation therapy (Enzinger et al, 2003). Neo-adjuvant therapy offers early treatment of
micrometastatic disease by down staging tumours and may facilitate a complete curative
resection.

Analysis of trials of combination chemotherapy and radiation therapy prior to surgery
(Nygard et al, 1992; Burmeister et al, 2005), and meta-analysis (Siewert et al 1998; Bone
et al, 1992), is difficult, for several reasons: only 2 of 8 studies (Bosset et al, 1997; Law
et al, 1998), both negative, appear adequately powered with over 200 patients; there is a
mix of pathologic types (adenocarcinoma and squamous cell carcinoma) in all but one
study (Walsh et al, 1996); the total dose of radiation therapy administered, and treatment
fractions, is different across trials; and the interpretation of the one trial showing a
benefit for multimodal therapy (Walsh et al, 1996), undertaken in patients with
adenocarcinoma at St. James’s Hospital between 1990 and 1995, is complicated by
relatively small numbers, limited cross-sectional imaging in preoperative staging, and an
outcome in the surgery alone arm below standard benchmarks. The most recent trial, an
adequately powered Australasian study of 256 patients, 61% of whom had
adenocarcinoma, failed to show a survival benefit from neo-adjuvant chemo-
radiotherapy (Burmeister et al, 2005).

Notwithstanding the controversy whether oncologic benefit accrues from multimodal
regimens, several studies have shown marked survival advantages for the subset of

patients who achieve a histological complete response (pCR) as a result of neo-adjuvant
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therapy (Stahl et al., 1996, Ganem et al., 1997, Forastiere et al., 1997). Three-year
survival rates of more than 60% have been reported in these patients. According to
several phase IT and some phase III studies a pCR can be expected in 20-30% of patients
(Urba 2001, Bosset 1997) regardless of the applied protocol, type of histology, and
tumour stage.

Oesophageal resection in itself is associated with high rates of perioperative morbidity
and mortality, reported at 50% and 10% respectively (Bailey 2003). Furthermore,
concerns have been raised that pre operative chemo-radiation therapy may further
increase complication rates. There has been some controversy in the literature as to
whether neo-adjuvant chemoradiotherapy is associated with an increased rate of
complications when compared to that in patients undergoing immediate oesophagectomy
(Walsh, 2002; Fink, 1995; Bosset, 1997; Heidecke, 2002). Many have claimed that
patients with carcinoma of the oesophagus exhibit a higher postoperative morbidity and
mortality after preoperative chemoradiotherapy (Fink, 1995). Unfortunately this
morbidity affects all patients, including those who show only a partial response; or no

response at all, to chemo-radiotherapy.

4.3 AIMS AND OBJECTIVES

The aims of this study were to (1) investigate the incidence of post-operative morbidity
and mortality amongst patients who underwent curative (RO) oesophagectomy (2) to
compare multimodal patients to surgery alone (3) estimate the odds ratio for post-
operative complications in multimodality versus surgery alone and (4) compare survival

in both groups.

4.4 PATIENTS AND METHODS

From 1996 to 2004, 213 oesophagectomy procedures were performed by a single
consultant surgeon at St. James’s Hospital. A complete review of the medical, surgical
and pathological records of these patients showed that 148 had curative intent to surgery
and had clear margins on final pathology (R0). 70 of these patients underwent neo-

adjuvant therapy and 78 surgery alone.
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4.4.1 Inclusion and Exclusion Criteria

The inclusion criteria for multimodal therapy of oesophageal adenocarcinoma or
squamous cell cancer at this centre is as follows: age < 77; satisfactory performance
status and medical fitness for surgery; a leucocyte count greater than 3500 per cubic
millimetre, a platelet count above 100,000 per cubic millimetre, a serum creatinine less
than 124umol per litre; and no previous chemotherapy or radiation therapy. Patients
receiving this treatment regimen were compared with patients treated with surgery alone
who also fulfilled these same criteria.

Patients with any one of the following were excluded from this analysis: age > 80, high-
grade dysplasia or carcinoma-in-situ; emergency oesophagectomy following
oesophageal rupture; surgery determined preoperatively to be palliative (based on
tumour extent or patient performance); patients who achieved clear margins (R0) but did
not undergo a lymphadenectomy; had microscopic (R1) or macroscopic (R2) residual
disease on final pathology reports; had evidence of bronchial invasion based on CT
imaging and bronchoscopy; or had a tumour classified as Ti, N g4y by the

multidisciplinary oesophageal panel.

4.4.2  Tumour Staging

All patients underwent upper gastrointestinal endoscopy with biopsy and staging chest x-
ray, and a further percentage additionally underwent endoscopic ultrasound (15%, n=22).
Computed tomography (CT) scans of the neck, thorax and abdomen were performed on
all patients (Donington, 2005)- using CT-criteria, the mediastinal and left gastric nodes
were classified as N1 (invaded) if the maximal transverse diameter of these nodes were
larger than 1 cm. Resectable disease was defined as Tj3, No.;. All tumours at the
oesophago-gastric junction were assigned as Type I, II or III, as per Siewert et al (1998):
Type I was adenocarcinoma of the distal oesophagus, usually arising in specialised
intestinal metaplasia; Type II is a true adenocarcinoma of the cardia arising immediately
at the oesophago-gastric (OG) junction; and Type III is a subcardial gastric carcinoma
infiltrating the oesophago-gastric junction and distal oesophagus from below. Seven
percent of patients (n=11) underwent 18-F-deoxyglucose PET scans (now routine), as
these only became available in mid-2003 (Ott et al, 2006; Donington, 2005). Nine
percent (n=14) underwent a staging laparoscopy (9%, n=14). Pulmonary function was
evaluated by pulmonary function tests (PFTs) in all patients (Abou-Jawde et al, 2005);

cardiac function by echocardiography, and liver and renal function was assessed by
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laboratory tests (Donington, 2005). All 148 patients were discussed at multidisciplinary
CT conferences and were of curative intent.

Every patient with localized disease (T».3,No.;. predicted RO resection) of the oesophagus
or junction (Type I and II) were offered the option of either surgery alone or the
multimodal regimen, patients with Type III OG junction tumours had surgery alone.
Patients with more locally advanced disease were treated with radical radiation therapy
and chemotherapy.

Pre-operative co-morbid disease such a diabetes, cardiovascular disease or major organ
disease was documented as was smoking and alcohol intake (heavy consumption was
defined as >14 units/week for females and >21 units/week for males). Baseline
nutritional status was documented (weight, height, BMI, weight loss at diagnosis, %
weight loss in the six months prior to diagnosis) as well as several routine bloods
including a full blood count and serum albumin levels.

Performance status was measured using the Eastern Co-operative Oncology Group
(ECOG) grades of performance (Oken et al, 1982) where O=fully active and able for all
pre disease performance, 1= restricted I physically strenuous activities but ambulatory
and able to carry out light work of a sedentary nature, 2= ambumatory and capable of
self care but unable to carry out any work activities, 3- capable of only limited self-care,
confined to bed or chair for >50% of waking hours, 4=completely disabled, cannot self
care, bed bound. In addition the American Society of Anaesthesiologists (ASA) physical
status classification was documented where ASA I=normal healthy patient, ASA [I=mild
systemic disease with no functional limitation, ASA IlI=moderate systemic disease with
finctional limitations, ASA IV=severe systemic disease that is a constant threat to life,
ASA V=moribund patient with life expectancy <24 hours without surgery (Lee et al,
1998). Performance was also assessed by Karnofsky score, a measure of quality of life
(Grieco & Long 1984). Results above 80% indicated normal activity with few symptoms
or signs of disease, results below indiated the need for help with activities of daily living

and symptoms of disease requiring regular medical care.

4.4.3 Neo-adjuvant Therapy

Patients who were in the neo-adjuvant treatment arm were given a standard protocol of
chemo-radiotherapy consisting of: Radiotherapy 40 Gy/15 fractions on days 1 to 5, 8-12
and 15-19, and concurrent chemotherapy consisting of: 5-Fluorouracil 15mg/kg was
given on days 1-5 and Cisplatin 75mg/m2 given on day 7 (Walsh et al, 1996).

Chemotherapy was repeated on week 6. Patients were restaged by CT and
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oesophagoscopy at week 8 and scheduled for surgery on week 9. Surgery took place if
the neutrophil count was > 2x10%ml™, if performance status had not significantly
deteriorated, and if there was no evidence of local or systemic progression of disease on

imaging.

4.4.4 Surgical Procedure

All patients had a thoracotomy as a component of their surgical management, either
combined with an abdominal and neck exploration (3-stage) for mid and upper-
oesophageal cancers, or cancer arising in long-segment Barrett’s oesophagus, or with an
abdominal exploration (2-stage) for most lower third and junctional tumours, or
combined with a total gastrectomy for junctional tumours with significant gastric
extension (Type III) (Benzoni et al, 2007). A 2-field lymphadenectomy (abdominal and
thoracic) was performed in all cases. All patients were extubated immediately following
surgery and managed in a high dependency unit (HDU). All patients with a gastric
remnant had a pyloroplasty (Benzoni et al, 2007), and patients were fed enterally from
12 hours postoperatively via a needle catheter jejunostomy (8 French, Argyle,
Tullamore, Ireland) (Sica et al, 2005). A gastrograffin contrast study was routinely

performed on postoperative day 7 or 8 before initiating oral fluids (Timaksiz et al, 2005).

4.4.5  Postoperative Complications

All complications from surgery to discharge from hospital were prospectively
documented. Respiratory failure was defined as the requirement for mechanical
ventilation beyond 24 hours after surgery. Adult Respiratory Distress Syndrome (ARDS)
and multiple organ failure (MOF) were defined as per Bone et al (1992), sepsis required
evidence of Systemic Inflammatory Response Syndrome (SIRS) (Lever et al, 2007) with
microbiological evidence of infection, and the diagnosis of pneumonia required either
positive sputum cultures or clear clinical and radiographic evidence of consolidation

(Drakopanagiotakis et al, 2008).

4.4.6 Follow Up

Once the patient was discharged from hospital, follow up consisted of an out patient visit
at one, three, six months and then every six months. Extensive evaluation for recurrence
depended on clinical evolution. A complete follow up was available for the entire group
at the end of the present study. Details regarding cause of death and date of death were

recorded from hospital/GP records and where unavailable the national death registry
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(Civil Registration Office, Lombard Street, Dublin) was consulted. Survival was defined
as the time between the date of positive histological diagnosis and the date of most

recent follow up or for patients who died, the date of death.

4.5 STATISTICAL ANALYSIS

Statistical analysis was performed using STATA™ statistical package, version 8.2 for
Windows. Quantative data are expressed as median and 95% confidence intervals.
Qualitative data are described as percentages. Medians were compared using Kruskal
Wallis rank sum tests. Uni-variate and multivariate logistic regression models were used
to identify the odds ratio of postoperative morbidity and mortality. Operative mortality
was defined as any death within the hospital after surgery. Actuarial survival was
calculated from the date of positive histological diagnosis by the Kaplan-Meier method,

and comparisons between the groups were made by the log rank test (Pallant, 2007).

4.6  RESULTS

4.6.1  Patient characteristics pre-operatively

148 patients were operated on for oesophageal cancer: 70 had neo-adjuvant therapy and
78 surgery alone (44 females and 104 males). Patient characteristics are described in
table 4.1. The median age at diagnosis was 59.5 years for neo-adjuvant group and 63 for
surgery alone (p=0.03). There was a trend towards more females in the surgery only
group (p=0.08) and there was a significant difference in the morphology with more
adenocarcinoma cases in the neo-adjuvant group (p=0.009).

Neo-adjuvant patients had significantly better Karnofsky performance scores (p=0.03),
ECOG performance scores (p=0.001) and pulmonary function tests (p=0.01). There was
no significant difference in ASA grades (p=0.57) or co-morbid disease (p=0.4). There
was a trend towards more weight loss at diagnosis in the neo-adjuvant group (p=0.07)
but no difference in nutritional status according to BMI (p=0.18). There were
significantly more heavy drinkers (> 14 units/week for females and > 21 units/week for
males) in the neo-adjuvant group, but no difference in smoking habits. However, pre
operatively, neo-adjuvant patients had significantly lower counts of neutrophils,
lymphocytes and white cell counts, but no difference in albumin, haemoglobin or

platelets pre operatively.
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4.6.2 Clinical & Pathological Staging

Table 4.2 describes the clinical staging (on pre op CT scan) and tumour sites prior to
treatment and at final pathological staging (resected specimen pathological staging). The
T size refers to the tumour size, N refers to nodal involvement and M refers to metastatic
disease. The majority of patients had stage III and stage 2a disease. T3 NO was the most
common staging both clinically and on final pathology. Seventeen out of 70 (24%)
patients in the neo-adjuvant arm had TO tumours on final pathology indicating a
complete pathological response to treatment (pCR).

Table 4.3 describes the operative approach and postoperative support patients received.
Ninety-nine 2 stage oesophagectomy and jejunostomy tube insertion procedures were
carried out, (46 in surgery only group and 53 in Multimodal group), 39 3-stage
oesophagectomy (23 Surgery only, 16 MM), 9 Total gastrectomy and distal
oesophagectomy (8 Surgery only group and 1 multimodal group) and 1 patient in surgery
only group had a transhiatial oesophagectomy. There was no significant difference in
the amount of blood lost or blood transfused, days ventilated, length of stay in the high
dependence unit or intensive care unit. The median length of stay in hospital post
surgery was 19 days (range 4-98) for the neo-adjuvant group versus 20 days (range 5-73)
for the surgery alone group (p=0.46).

Table 4.4 describes the pathological findings of resected tumours. Patients in the neo-
adjuvant group had significantly smaller tumours at the time of resection (p=0.0001), had
significantly less total nodes resected (p=0.0007) and significantly less positive nodes on
final pathology (p=0.0004). The complete pathological response rate (pCR) was 2.6%

for surgery only patients and 24% for neo-adjuvant patients (p=0.001).
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Table 4.1: Patient Characteristics pre operatively, neo-adjuvant versus surgery

only, RO resections for adenocarcinoma and SCC, n= 148

Characteristic
Age (yrs)
Male/ Female

Histology
Adenocarcinoma
Squamous

Performance Status
Karnofsky Score >/=90%
ASA Grade 1 or 2

ECOG 1 Fully active
ECOG 2 Restricted
ECOG 3 unable

Nutritional Status

% Weight Loss

>10% weight Loss

Body Mass Index (kg/m?)

Smoking and Alcohol
Current Smoker
Heavy Drinker

Degree of Dysphagia

1 Able to eat anything

2 soft food only

3 unable to eat all solids
4 liquids only

5 complete dysphagia

Pulmonary Function Tests

FEV 1 (L)

FVC (L)

FEV1/FVC (%)
Co-morbid Disease
Cardiovascular Disease
Respiratory Disease
Vascular Disease
Bloods
Neutrophils(X10°/L)
Lymphocytes(X10°/L)
Platelets (X10°/L)
WCC (X10°/L)

Neo-adjuvant (n=70)
59.5(Q 53-64)

54 /16

56(81%)
12(20%)

70/70 (100%)
65/70 (100%)
58/67(87%)
9/67 (13%)
0/67 (0%)

6%(0-35%)
19/56
25.65

31%(22/70)
31%(20/70)

38%(29)
28%(19)
43%(29)
10.5%(7)
1.5%(1)

2.9
3.8

77

33% (22/68)
19% (13/68)
12% (8/68)
3% (2/68)

3.0
0.45
22
4.8

Surgery only (n=78)

63 (Q 54-74)
50/28

46(62%)
30(38%)

73/79(93%)
71/79 (93%)
47/78 (60%)
29/78(37%)
1/78(1%)

4.4%(0-21%)
14/58
24.75

27%(21/79)
9%(7/79)

16%(11)
19%(15)
30%(22)
9%(7)
4%(3)

2.57

3.325

79

39% (31/79)
23% (18/79)
16%(13/79)
6% (5/79)

3.6
1.7
230
6.2

P
0.03
0.08

0.009

0.03
0:57

0.001

0.07
0.3
0.18

0.7
0.001

0.01
0.001
0.3
0.4
0.69
0.48
0.45

0.01
0.0001
ns
0.0001

ASA=American Society of Anaesthesiologists; ASA Grade I =Healthy patient, Grade Il =Mild Systemic Disease,
ECOG=Eastern Co-operative Oncology Group; FEV=Forced Expiratory Volume; FVC=Forced Volume
capacity; WCC=White cell Count, NS=Non Significant. Heavy Alcohol=>14 units/week for females and >

21 units/week for males
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Table 4.2: Clinical (Pre op staging) & Pathological Staging (final staging on
resected specimen) of Tumours for R0 resections in neo-adjuvant treatment arm

and surgery only arm, adenocarcinoma and SCC, n=148.

Clinical Pathological

Neo-adjuvant Surgery Neo-adjuvant  Surgery
Stage
0 0 3 16 -
I 2 2 14 9
II 0 1 0 0
11 19 15 11 28
4% 0 0 0 0
1b 0 2 0 .
2a 47 42 ri 15
2b 1 2 10 10
3a 0 4 0
Unknown 0 0 1 0
TO 0 1 17 2
Tl 3 4 16 9
T2 2 20 10 21
T3 64 45 23 39
T4 0 1 0 1
Tis 0 3 1 2
X 0 0 3 0
NO 47 52 45 31
N1 19 20 23 43
Nx 3 2 1 0
MO 67 72 20 18
Mx 2 2 49 56

Stage 0 = tumour in situ; Stage I = TINOMO; Stage Ila= T2NOMO or stage T3NOMO; Stage IIb=TIN1MO
or stage T2N1MO; Stage 3 = T3ANIMO or T4 any N MO; Stage 4= Any T, Any N, M1. NO=no nodes
involved, N1=nodes involved, Nx=unable to assess, MO=no distant metastasis, M 1=distant metastases,

Tis=Tumour in situ, Tx= unable to assess.
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Table 4.3: Operative approach and postoperative support in neo-adjuvant versus

surgery only, adenocarcinoma and SCC (n=148)

Characteristic

2 Stage Oesophagectomy

3 Stage Oesophagectomy
TGast/Dist oesophagectomy

Transhiatial

Blood Loss

Length of operation
Days in HDU

Days in ICU
Return to Theatre
Days Ventilated
Return to ICU

Days in Hospital Post Surgery

Neo-adjuvant Therapy

53(75%)
16(23%)
1(1%)

0

1100mls (0-4300)
5.5(3.5-8)

4 days (0-15)

0 (0-36)

7(10%)

0(0-32)
14%(10/70)

19(4-98)

Surgery only
46(58%) ™
24(30%)

8(10%)

1(1%) e

850mls (0-4100)
5 hours (2.5-9.5)
3 days (0-11)

0 (0-15)
6(7.6%)

0(0-11)
9%(7/79)

20(5-73)

P

0.102

0.12

0.02

0.33

0.1

0.77

0.38

0.44

0.46

ICU=Intensive Care Unit
HDU=High Dependency Unit

114



Table 4.4: Pathological Findings of resected tumours in neo-adjuvant versus

surgery only, adenocarcinoma and SCC, n=148

Neo-adjuvant Surgery Only P
Tumour Length (cms) 2 (0-7.3) 3 (0.4-9) 0.0001
Tumour Width (cms) 1.25 (0-7.5) 2 (0.3-8) 0.005
Number of Nodes 10(0-30) 15 (2-41) 0.0007
Number positive nodes 0(0-9) 1(0-9) 0.0004
pCR Rate 24%(17/70) 2.6%(2/78) 0.001

pCR = complete pathological response
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4.6.3 Post operative complications pre treatment approach

Table 4.5 describes the incidence of post-operative complications per treatment group.
Although there was no difference in the overall postoperative morbidity rate between the
two treatment groups (p=0.1), a significantly greater number of patients in the neo-
adjuvant group developed sepsis (19% versus 4%, p=0.006), respiratory failure (14%
versus 1.3%, p=0.003), adult respiratory distress syndrome (ARDS) (11.4% versus 0%,
p=0.002), and renal dysfunction (13% versus 2.5%, p=0.03). No significant difference in

any other post-operative complication was found.

Multivariate logistic regression was used to calculate the odds ratio of post-operative
complications in neo-adjuvant group versus surgery group (see table 4.6). The odds
ratio for sepsis was 15.5 (p=0.002), respiratory failure 14.9 (p=0.02) and renal
dysfunction was 16.3 (p=0.02) and a concerning trend towards increased in hospital

mortality (OR 4.6, p=0.07) was found for the neo-adjuvant group.

The operative (in hospital) mortality rate in this series was 6% (9 patients) due to: sepsis,
ARDS, and multiple organ failure (2), sepsis and MOF (1), sepsis and renal failure, heart
failure, and anastamotic leak (1), sepsis and renal failure (2), sepsis, ARDS and
respiratory failure (2), sepsis, ARDS, Renal failure and respiratory failure (1). There
was a trend towards increased in-hospital mortality in the neo-adjuvant group (7 deaths

versus 2 in surgery alone group) (p=0.08).

Table 4.7 shows the median pre operative and post-operative days 1, 3 and 7 values of
neutrophils, WCC, lymphocytes, albumin, haemoglobin and platelets. Neo-adjuvant
patients had significant suppression of white blood cells, neutrophils, haemoglobin, and
lymphocytes both preoperatively and on post-operative days 1, 3 and 7. When compared
to surgery only patients, neo-adjuvant patients had significantly lower counts of
neutrophils, lymphocytes, WCC and haemoglobin pre-operatively (see table 4.7). There
was no significant difference in pre operative levels of platelets or serum albumin. Post
operatively neo-adjuvant patients continued to show significantly lower counts of
neutrophils, lymphocytes and platelets on post operative day 1, and by day 3 and day 7
post op also had significantly lower counts of WCC and platelets (see table 4.7 and
figures 4.1A, 4.1B and 4.1C).
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Table 4.5: Post operative Complications$ by treatment approach in neo-adjuvant

versus surgery only, adenocarcinoma and SCC n=148

Neo-adjuvant Surgery Only P value
n=70 n=78

Post op Complication (yes)* 39 (56%) 43 (54%) 0.1
Sepsis 13 (19%) 3 (4%) 0.006
Respiratory Failure 10 (14%) 1(1.3%) 0.003
ARDS 8 (11.4%) 0 (0%) 0.002
Mortality 7 (10%) 2 (2.6%) 0.08
Heart Failure 4 (6%) 1 (122%) 0.19
Pneumothorax 9 (13%) 4 (5%) 0.14
Haemothorax 0 (0%) 0 (0%) 1.0
Arrhythmia 9 (13%) 4 (5%) 0.14
Wound infection 3 (4%) 4 (5%) 1.0
Anastamotic Leak 4 (6%) L L%) 0.19
Renal Dysfunction 9 (13%) 2 (2.5%) 0.03
Pneumonia 9 (13%) 8 (10%) 0.62
RTI 2 (3%) 2(2.5%) 1.0
Pleural Effusion 22 (31%) 21 (27%) 0.59
Pulmonary Embolism 1(1.4%) 0 (0%) 1.0
MOF 2 (3%) 1 (1.2%) 0.6
Atelactasis 3 (4%) 2 (2.5%) 0.67
Seizures 0 (0%) 1.(1.2%) 150
Chylothorax 3 (4%) 1(1.2%) 0.47

ARDS = adult respiratory distress syndrome, RTI = respiratory tract infection, MOF = multiple organ

failure. * = several patients suffered one or more post op complication, *=all compliations
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Table 4.6: Odds Ratio of Post-operative Complications for Neo-adjuvant versus

surgery, adenocarcinoma and SCC, n=148

Sepsis
Mortality
Respiratory Failure

Renal Dysfunction

Odds Ratio

15:5

4.6

14.9

16.3

95%Cl1

2.8-87

0.88 - 24

1.6 — 141

1.6 - 164

P Value

0.002

0.07

0.02

0.02

Data adjusted for age, gender, smoking, alcohol intake, pulmonary function
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Table 4.7: Median Pre operative and post-operative days 1, 3 and 7 values of

neutrophils, WCC, lymphocytes, albumin, haemoglobin and platelets.

Neo-adjuvant Surgery only P
Pre op
-Neutrophils (X 10°/L) 3.7 7.8 0.004
-Lymphocytes (X 10°/L) 0.45 1.7 0.0001
-Platelets (X 10°/L) 221 230 0.18
-WCC (X 10°/L) 4.75 6.2 0.0001
-Haemoglobin (g/dL) 125 13.3 0.002
-Albumin (g/L) 39 40 0.99
Day 1 Post op
-Neutrophils (X 10°/L) 7.8 9 0.008
-Lymphocytes (X 10°/L) 0.45 0.8 0.0001
-Platelets (X 10°/L) 175 180 0.34
WCC (X 16°1) 8.8 10.6 0.0001
-Haemoglobin (g/dL) 10.65 it 0.37
-Albumin (g/L) 915 27 0.85
Day 3 Post op
-Neutrophils (X 109/L) 5.6 7.8 0.001
-Lymphocytes (X 10%/L) 0.4 0.8 0.0001
-Platelets (X 10°/L) 154 181 0.004
-WCC (X 10°/L) 6.9 9.7 0.0001
-Haemoglobin (g/dL) 9.9 10 0.38
-Albumin (g/L) 27 2, 0.79
Day 7 Post op
-Neutrophils (X 10°/L) 6.35 7.4 0.001
-Lymphocytes (X 10%/L) 0.7 g 0.0001
-Platelets (X 10°/L) 266 314 0.0005
-WCC (X 10°/L) 7.95 9.7 0.008
-Haemoglobin (g/dL) 10.4 10.35 0.45
-Albumin (g/L) 29.5 30 0.31

WCC = White cell count
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Figure 4.1: Peri-operative (A) Lymphocyte counts (B) Neutrophil count (C) White

Cell Count in neo-adjuvant versus surgery R0 Adenocarcinoma and SCC, n=148
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7.6.4  Survival

Figure 4.2 illustrates the overall survival in this RO oesophagectomy series. The overall
survival for both groups was 77% at one year, 58% at two years and 43% at three years,
giving a median survival of 2.3 years (table 4.14 gives numbers at risk i.e the number of

patients alive at the beginning of each year that were followed up).

Figure 4.3 and table 4.15 illustrates the survival estimates of RO cases per treatment
approach. The median follow up among survivors for the multimodality group was 2.4
years and 2.3 years for the surgery only group (P=NS). The median survival for the
multimodality group was 2.43 years and 2.25 years for surgery only (Log Rank 0.55).
At three years 37% of multimodality patients were alive and 49% surgery only patients
were alive, although this was not significant.

The numbers at risk (i.e the number of patients alive at the beginning of each year that
were followed up) in both the neo-adjuvant group alone and the surgery group alone are

shown in tables 4.16 and 4.17.

When the RO group was analysed per morphology no significant difference was found
between the 1, 2 and 3 year survival rates of adenocarcinoma versus Squamous cell

carcinoma, log rank test = 0.14 (see figure 4.4 and table 4.18).
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Figure 4.2: Kaplan Meier Survival Estimates for total population (adenocarcinoma

and SCC) RO resections, neo-adjuvant therapy and surgery together, n=148.
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Table 4.8: Numbers At Risk: Overall survival for total population (adenocarcinoma

and SCC) RO resections, neo-adjuvant therapy and surgery together, n=148.

Total Deaths No Follow up* % Survival
Year 1 148 32 20 77%
Year 2 96 22 16 57.7%
Year 3 58 13 12 43%
Year 4 33 4 12 37%
Year 5 17 0 13 37%

*Patients were followed up at their local hospital and not at this unit
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Figure 4.3: Kaplan Meier survival estimates per treatment approach for total
population (adenocarcinema and SCC), Neo-adjuvant versus Surgery (Log rank =

0.55).
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Table 4.9: Median Survival, and 1, 2 and 3 year survival in R0 adenocarcinoma and

SCC, Neo-adjuvant versus Surgery, n=148.

Neo-adjuvant Surgery Only P
Average Follow up among survivors 2.4 yrs 2:3yrs \
Median Survival 2.43yrs 2.25 yrs NS
1 year Survival 77% 77% >
2 Year Survival 60% 56%
3 Year Survival 37% 49% Y




Table 4.10: Numbers at Risk: Survival of R0 Neo-adjuvant Only (Adenocarcinoma
and SCC), n=70.

Total Deaths No Follow up* % Survival
Year 1 70 1/ 11 77%
Xear2 44 9 5 60%
Year 3 30 10 7/ 37%
Year 4 13 0 4 37%
Year 5 ., 0 7/ 37%

*Patients were followed up at their local hospital and not at this unit

Table 4.11: Numbers at Risk: Survival of R0 Surgery only (Adenocarcinoma and
SCC), n=78.

Total Deaths No Follow up* % Survival
Year 1 78 18 12 77%
Year 2 52 13 11 56%
Year 3 28 3 5 49%
Year 4 20 4 8 37%
Year 5 8 0 6 37%
Year 6 2 0 2 37%

*Patients were followed up at their local hospital and not at this unit
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Figure 4.4: Kaplan Meier survival estimates per morphology for total population

Neo-adjuvant and Surgery, adenocarcinoma versus SCC
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Table 4.12: 1, 2 and 3 year Survival in R0 neo-adjuvant and surgery only per

morphology (adenocarcinoma versus SCC).

Adenocarcinoma  SCC -4
1 Year Survival 73% 82%
2 Year Survival 52% 64% NS
3 Year Survival 36% 52%
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4.7 DISCUSSION

Oesophagectomy carries a very significant risk of postoperative morbidity and mortality.
Earlam and Cunho-Melo (1980) reported an overall mortality rate of 29% from papers
published between 1960 and 1979, and Muller (1990) reported a postoperative mortality
rate of 13% from papers published between 1980- 1988. In a review by Jamieson et al
(2004) of 70,756 patients covering the period 1990-2000, the reported mortality rate was
6.7 per cent. Bailey et al (2003) reviewed 1777 patients with oesophageal cancer who
underwent resection at 109 Veterans Affairs hospitals between 1991 and 2000, and
reported an approximate 50% major morbidity rate, and 10% mortality rate. In the
United Kingdom, McCullogh et al (2003) reported a 14% in-hospital mortality rate from
a multi-centre review of 365 patients. The compelling recent literature linking better
outcomes with surgeon and hospital volume of > 100 cases per year (Migliore et al,
2007; Rodgers et al, 2007) has highlighted the unassailable fact that there is no common
elective surgical procedure that carries the same operative risks (Van Lanschot et al,
2001; Begg et al 1998). It appears intuitive that factors that impact on immune well-
being and organ function, in particular respiratory, may have great relevance to operative
outcome after thoracic surgery, and in this regard rigorous assessment of the impact of

neoadjuvant chemotherapy and radiation therapy is imperative.

This report represents the experience of a unit with a high-volume surgeon (>130
cases/year) and support team, with approximately 40 oesophageal resections a year, in a
tertiary cancer centre with a long tradition of managing patients with oesophageal and
thoracic malignancy. The groups compared are not randomised but are
contemporaneous, and are equal in fulfilling strict criteria for surgery, including absence
of T4 or M1 disease on CT imaging, and adequate performance status.

Neo-adjuvant chemo-radiotherapy followed by oesophagectomy has been the preferred
treatment of choice over the past decade. The expected benefits of preoperative
chemoradiotherapy are the preoperative elimination of potential systemic micro
metastases in patients with both loco regional and locally advanced tumours, and the
down staging of the primary tumour which may increase the RO resection rate (i.e.
curative resection/no residual disease) and thus may reduce the rate of local and distant
recurrences, thereby increasing the chances of long-term survival (Lerut et al., 1999).

Approximately 15-20% of patients experience a complete pathological response to
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chemoradiation therapy and no tumour is found on final pathology (Lerut et al., 1999).
Several studies have reported 3-year survival rates as high as 100% in this group
(Ancona et al, 2001).

However, oesophageal resection is associated with high rates of perioperative morbidity
and mortality (Bailey et al, 2003). Concerns have also been raised as to the increase in

perioperative morbidity and mortality that is associated with neo-adjuvant therapy.

Neo-adjuvant therapy has been shown to be independently associated with perioperative
mortality (Bailey et al., 2003). Bosset and co-workers in a study of 297 patients,
demonstrated a statistically significant, threefold (12% versus 4%) increase in
perioperative mortality in the neo-adjuvant chemo-radiotherapy group. This increase in
mortality was thought to be due to an increased incidence of respiratory failure and
mediastinal infection in the neo-adjuvant therapy group. Walsh and associates found a
2.8 fold increase in perioperative mortality (10.7 versus 3.7%) in the neo-adjuvant
therapy group and Nygaard et al., observed a 1.8 fold (24% versus 13%) increase in the
neo-adjuvant therapy group. However these differences did not reach statistical
significance but it is likely that a type II error occurred and that had more patients been
recruited the differences in perioperative mortality would have reached significance
(Bailey et al, 2003).

In the present study it could be argued that neoadjuvant patients are fitter preoperatively-
they were significantly younger, had significantly better Karnofsky performance scores
and ECOG performance scores, better pulmonary function tests and had smaller
tumours. There was no difference in smoking habits, BMI, degree of dysphagia or the
incidence of concomitant co-morbid disease. The only major significant difference pre-
operatively was the suppression of immune function in the neo-adjuvant arm as assessed
by counts of neutrophils, lymphocytes and WCC. Perhaps this was a key factor in the
finding that neoadjuvant patients had a significantly higher rate of sepsis, respiratory
failure, ARDS and a trend towards increased in-hospital mortality when compared to
surgery only patients.

Seven of the nine deaths in this series were in the neoadjuvant group. In fact each of
these seven deaths was sepsis related and this may reflect host immuno-suppression by
pre-operative CT/RT. Recently Heidecke et al (2002) showed that neo-adjuvant therapy
was associated with significant immunosuppression in the host, specifically with
defective proliferation of T cells after chemoradiotherapy, when compared to patients

undergoing oesophagectomy alone. This deficiency has been hypothesised to impair the
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host response to subsequent surgery and has been proposed to explain the higher risk of
surgery after neo-adjuvant therapy. In this series we have shown significantly lower
counts of WCC, neutrophils, lymphocytes and haemoglobin both pre-operatively and on
post-operative days 1, 3 and 7 in the neo-adjuvant group versus the surgery only group.
The standard requirement before surgery is for adequate neutrophil count recovery, but
whether neutrophils, lymphocytes and other cells actually function normally in the

blood, lungs and other tissues is unknown.

The overall operative mortality rate (in hospital) in this series was 6% which is
comparable with other specialised units: Poon et al (7.2%), Gupta (6%), Orringer et al
(5%), Lerut (3%) and much lower than rates reported by Moreno-Gonzales et al (16%),
Junginger and Dutkowski (15%), Muller et al (13%) and Gurkan et al (12%), McCullach
et al (12%). Our in-hospital mortality rate was twice as high in the neo-adjuvant group
compared to the surgery alone group and this is similar to figures published in several
phase II randomised trials (Urba 2001, Nygaard 2002, Walsh 1996). Bossets' trial in
1997 reported a mortality rate in neo-adjuvant group that was 3.4 times the mortality rate

in the surgery alone group.

To date there have been six published prospective randomised controlled trials assessing
the benefits of neo-adjuvant therapy in oesophageal cancer patients. A sole randomised
trial from our institution showed a benefit of neo-adjuvant therapy in 113 patients with
adenocarcinoma). However many of these trials focused on survival and failed to give
much needed detail on in hospital morbidity associated with treatment. Two of these
trials report on 30-day mortality only instead of in hospital mortality, which we have

shown in this study.

The survival data reported in this study shows a median survival of between 2.2 and 2.4
years. There was no survival benefit for either treatment arm and no difference in

survival between the two morphology groups.

This study is not randomised, and potential biases may exist. Nonetheless, this should
not apply to the primary end-point, that of postoperative complications. The operative
insult was similar in both groups, and all patients underwent a thoracotomy and one-lung
anaesthesia as a component of their surgery. The multimodal group was younger, had

significantly superior pre-operative pulmonary function tests, and a lower pathological
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stage compared with the surgery only group, suggesting strongly that the negative impact
of the only variable, chemoradiation, is a true effect.

The study is an observational study, a restricted cohort design, and this adapts principles
of the randomised controlled trial design as follows (Horwitz et al, 1990): base-line
criteria identified for patient eligibility; inclusion and exclusion criteria the same as in
randomised trials; and statistical methods, including intention to treat analysis, is similar
to that of randomised trials. The authors recognize that cancer outcomes in a non-
randomised comparison should be extrapolated with caution, nevertheless, in cohorts
with identical preoperative clinical stage no difference in overall outcomes has been
observed, or any difference where outcomes for adenocarcinoma alone was analysed.
These cancer outcome data at minimum support the conclusion of a recent trial
(Burmeister et al, 2005) that a randomised trial would require the enrolment of many

hundreds of patients to be adequately powered.

4.8 CONCLUSIONS

In this non-randomised comparison of neo-adjuvant therapy and surgery alone in patients
undergoing curative RO resection, neo-adjuvant therapy was associated with increased
postoperative complications, particularly serious infectious complications, and no
improvement in survival. Future efforts should aim to clearly define the status of neo-
adjuvant therapy stage for stage, focus efforts on research into increasing the pCR rate,

and limit detrimental effects of chemoradiation therapy on organ function.
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CHAPTER 5

SERUM ALBUMIN LEVELS AS A PREDICTOR OF POST-

OPERATIVE COMPLICATIONS IN PATIENTS UNDERGOING

UPPER GASTROINTESTINAL SURGERY
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“Hypoalbuminaemia on the first post operative day post Oesophagectomy may predict

short-term adverse outcomes”.

Aoife Ryan, Aine Hearty, Ruth S Prichard, Aileen Cunningham, Suzanne P Rowley,
John V Reynolds.
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5.1 SUMMARY

Objective: Changes in serum albumin may reflect systemic immuno-inflammation and
hypermetabolism in response to insults such as trauma and sepsis. Oesophagectomy is
associated with a major metabolic stress, and the aim of this study was to determine if
the absolute albumin level on the first post-operative day was of value in predicting in-

hospital complications.

Methods: A retrospective study of 200 patients undergoing oesophagectomy for
malignant disease at St. James Hospital between 1998 and 2005 was performed. Patients
who had pre and post-operative (days 1, 3 and 7) serum albumin levels measured were
included in the study. Patients were sub-divided into three post-operative albumin
categories <20 g/L, 20-25 g/L, >25g/L. Logistic regression analysis was performed to

calculate the odds of morbidity and mortality according to the day 1 albumin level.

Results: Patients with an albumin of less than 20 g/L on the first post-operative day
were twice as likely to develop post-operative complications than those with an albumin
of greater than 20 g/L (60% versus 28% respectively, p<0.011). Correspondingly, these
patients also had a significantly higher rate of Adult Respiratory Distress Syndrome
(25% versus 5%, p<0.001), respiratory failure (30% versus 8%, p<0.01) and in-hospital
mortality (30% versus 6% (p<0.001). On multivariate logistic regression analysis, day 1
albumin level was independently related to post operative complications (OR 0.89: 95%
CI 0.83 - 0.96, p<0.005). In addition, albumin < 20 g/l on the first post operative day

was associated with the need for further surgery and a return to ICU.
Conclusion: Serum albumin concentration on the first post-operative day is a better

predictor of surgical outcome than many other pre-operative risk factors. It is a low cost

test that may be used as a prognostic tool to detect the risk of adverse surgical outcomes.
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5.2 INTRODUCTION

Oesophagectomy is associated with a high morbidity and mortality rate, the largest
prospective outcome cohort in the literature reporting a morbidity rate of 50% and
mortality rate of 10% (Bailey et al, 2003). Several pre-operative risk factors have been
identified, including advancing age, co-morbid disease, preoperative chemo-
radiotherapy, low body mass index (BMI) and decreased functional status (Bartels et al,
1998; Ferguson et al, 1997; Lund et al 1990). In addition to pre-operative factors, the
early course postoperatively may help predict short-term outcomes. Numerous studies
have looked at immune perturbations postoperatively as a predictor of Systemic
inflammatory response syndrome (SIRS) and sepsis (Sweeney et al, 2005).
Oesophagectomy induces profound changes in the endocrine, neuroendocrine and
immune system as well as significant changes in organ function (Desborough, 2000).
The release of these inflammatory mediators causes endothelial dysfunction with severe
capillary leakage, massive loss of protein, and fluid shift from the intravascular space
into the interstitium. In a subset of patients overwhelming stress response leads to
systemic inflammatory response syndrome (SIRS), which may be associated with organ

dysfunction and failure.

The acute phase response to surgery, measured by C-reactive protein (CRP) and IL-6,
has been studied following major surgery and an exaggerated response may be
associated with adverse outcomes (Karaylannakis et al, 1997; Fogler et al, 1998; Pepys
& Hirschfield, 2003). These markers may inversely relate to serum albumin, yet to date
no studies have addressed early post-operative hypo-albuminaemia as marker of
morbidity risk. In this study, the value of early post-operative hypo-albuminaemia as a
marker of outcome following oesophagectomy was studied, the hypothesis being that the
post-operative day one serum albumin is an early marker of the systemic
immunoinflammatory response to major trauma, and thus has prognosis implications for
further clinical course. We report herein confirmatory evidence that a low albumin on the

first postoperative day is by multivariate analysis a predictor of adverse outcomes.
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5.3  PATIENTS AND METHODS

A retrospective study of 200 patients who underwent oesophagectomy for malignant
disease in St. James Hospital, Dublin between 1999 and 2005 was performed. One
hundred and ninety five patients had a thoracotomy as a component of their surgical
management, either combined with an abdominal and neck exploration (3-stage) for mid
and upper-oesophageal cancers, or cancer arising in long-segment Barrett’s oesophagus;
or with an abdominal exploration (2-stage) for most lower third and junctional tumours;
or combined with a total gastrectomy for junctional tumours with significant gastric
extension (Type III) (Benzoni et al, 2007; Cunningham et al, 2005). A 2-field
lymphadenectomy (abdominal and thoracic) was performed in all cases. All patients
were extubated immediately following surgery and managed in a high dependency unit
(HDU). All patients with a gastric remnant had a pyloroplasty (refashioning of pylorus),
and patients were fed enterally from 12 hours postoperatively via a needle catheter
jejunostomy (8 French, Argyle, Tullamore, Ireland). Two senior anaesthesiologists look
after oesophagectomy cases at this Institution, and four Intensivists run the HDU/ICU.
All patients have a thoracic epidural, and the unit policy is to limit intravenous fluid

administration intra-operatively and in the first 24hours.

Pre-operative medical co-morbidities were noted, as well as body mass index and
percentage weight loss at presentation. The patients’ age, pulmonary function, cigarette
consumption was also noted. Performance status was assessed by American Society of
Anaesthesiologists (ASA) physical status classification where ASA I= normal healthy
patient, ASA II=mild systemic disease with no functional limitation, ASA III=moderate
systemic disease with finctional limitations, ASA IV=severe systemic disease that is a
constant threat to life, ASA V=moribund patient with life expectancy <24 hours without
surgery (Lee et al, 1998).Intra-operative blood loss, length of operation, intent of surgery
(palliative or curative), blood products given, and the type of operation was all recorded.
Assessment of the length of stay in both the intensive care and the high dependency unit

was noted, as was the length of inpatient stay post-operatively.

The blood results on these 200 cases, particularity serum albumin concentrations both
preoperatively and on days 1, 3 and 7 post-operatively was recorded (Duly et al, 2003).
Additionally results of full blood counts (with Haematocrit quantification) and renal

profile analysis for urea and creatinine levels, which were performed daily were recorded
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(Rey-Ferro et al, 1997). C-reactive protein and immune cell parameters were not

routinely measured at that time.

5.3.1  Postoperative Complications

All complications from surgery to discharge from hospital were prospectively
documented. Major post-operative complications, including, Adult Respiratory Distress
Syndrome (ARDS), sepsis, multi-organ failure (MOF), renal failure, heart failure,
respiratory  failure, pneumonia/respiratory tract infection, empyema, major
thromboembolic event, wound infection, anastamotic leak, pancreatic fistula, and in-
hospital mortality were documented. Respiratory failure was defined as the requirement
for mechanical ventilation beyond 24 hours after surgery. ARDS and multiple organ
failure (MOF) were defined as per Bone et al (1992), sepsis required evidence of
Systemic Inflammatory Response Syndrome (SIRS) with microbiological evidence of
infection (Lever et al, 2007), and the diagnosis of pneumonia required either positive
sputum cultures or clear clinical and radiographic evidence of consolidation

(Drakopanagiotakis et al, 2008).
5.3  STATISTICAL ANALYSIS

Data manipulation and statistical analyses were conducted using SPSS® Version 11.0 for
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