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Abstract 

The demographics of oesophageal cancer have changed dramatically over the last 30 

years. Oesophageal squamous cell carcinoma remains the predominant subtype 

worldwide, but in the western world the incidence of oesophageal adenocarcinoma 

has surpassed that of oesophageal squamous cell carcinoma and continues to rise. 

This highlights the necessity for further research to identify modifiable risk factors 

which can impact on the development and outcome of oesophageal 

adenocarcinoma. The aim of this thesis is to examine the association between 

epidemiological risk factors, related biomarkers and oesophageal adenocarcinoma 

survival. This question was addressed by performing four studies, including a 

systematic review and three cohort studies of which two had molecular pathological 

epidemiology components. 

A systematic review and meta-analysis investigated the association between alcohol, 

smoking and oesophageal cancer survival. In the smoking analysis there was no 

significant difference in survival across any of the smoking categories. In the alcohol 

analysis there was also no significant difference in mortality across any of the 

exposure groups although there was a trend of an increased risk of mortality in the 

moderate drinkers compared to light/never drinkers (HR 1.34 95% CI 0.95-1.89 

I2=0%).  

Given the small pool of evidence identified in the systematic review, a population-

based cohort study in Northern Ireland was performed to examine the association 

between alcohol consumption, cigarette smoking, and oesophageal adenocarcinoma 

survival. This study also had a molecular pathology epidemiology component in that 

survival analysis across categories of smoking and alcohol consumption according to 

the expression of biomarkers known to be prognostic or biologically relevant to this 

disease was performed. Unadjusted results demonstrated almost a two-fold 

increased risk of overall and cancer-specific mortality in ever versus never drinkers 

although in adjusted analysis this lost statistical significance. There was no difference 

in survival across categories of cigarette smoking exposure. In stratified survival 

analysis by biomarker exposure, in ever versus never drinkers, there was a statistically 
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significant increased risk of death in patients with tumours in the middle tertile of 

p53 expression and GLUT-1 positive and CD8 positive tumours.    

Given the lack of studies identified in the systematic review in Chapter 2, the small 

number of patients included in Chapter 3, and the inconclusive results thus far, a 

larger cohort study including 1,002 patients from the OCCAMS consortium was 

performed to investigate the association between alcohol consumption, cigarette 

smoking, and oesophageal adenocarcinoma survival. Results demonstrated a non-

significant reduction in cancer-specific survival in former and current smokers 

compared to never smokers in both unadjusted and adjusted analysis. In overall 

survival analysis, the results mirrored those seen for cancer specific survival, but 

results reached a level of statistical significance when current smokers were 

compared to never smokers and adjustments included alcohol consumption (HR 1.35 

95%CI 1.01-1.81). Results across categories of alcohol consumption failed to 

demonstrate any significant difference in survival.  

These three studies have demonstrated inconclusive results regarding the 

association between cigarette smoking and alcohol consumption on survival in 

oesophageal adenocarcinoma patients. Further studies are required to enable a 

conclusion to be drawn and in the first instance this should focus on retrieving the 

missing data in Chapter 4 and performing up to date statistical analysis.  

The role of vitamin D on cancer development and prognosis has received 

considerable attention in other cancers but studies in oesophageal adenocarcinoma 

are lacking. We performed a prospective cohort study with a molecular pathology 

epidemiology component to investigate the association between Vitamin D receptor 

expression on cancer survival in patients who underwent oesophageal 

adenocarcinoma resection. 

In adjusted survival analysis, there was a dose-response association between higher 

VDR expression and improved overall survival. In the highest tertile of VDR expression 

there was a 51% significantly lower risk of death (HR 0.49 95% CI 0.25-0.96) compared 

to the lowest tertile of VDR expression. In the cancer specific survival analysis there 

was also a dose responsive improved survival in patients with a higher VDR 

expression compared to those within the lowest tertile of VDR expression. However, 
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this only reached statistical significance within the third tertile (HR 0.50 95% CI 0.26-

0.99). These findings need investigated in future studies to establish if VDR 

expression is a marker of prognosis in oesophageal adenocarcinoma. 

Overall, the findings in this thesis suggest a role for modifiable factors in oesophageal 

adenocarcinoma survival, and warrant replication in future studies.  
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1 Introduction 
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1.1  Introduction outline 
Oesophageal cancer is the 6th most common cause of cancer mortality worldwide1. 

Although oesophageal squamous cell carcinoma has the highest incidence on a global 

scale, the demographics of oesophageal cancer have changed dramatically over the 

last 30 years, meaning that the incidence of oesophageal adenocarcinoma is now 

higher than the incidence of oesophageal squamous cell carcinoma in the western 

world, and continues to rise2. This highlights the necessity for further research to 

identify modifiable risk factors which impact on the development and outcome of 

oesophageal adenocarcinoma. This is the aim of this thesis.   

The introduction to this thesis outlines the hallmarks of cancer, the anatomy and 

physiology of the oesophagus, epidemiology of oesophageal cancer, presentation 

and treatment of oesophageal cancer and the risk factors associated with 

oesophageal cancer. It concludes by outlining the four studies which make up this 

thesis. 
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1.2 Hallmarks of cancer 
Hanahan and Weinberg first proposed six hallmarks of cancer in 2000 and after a 

decade of further research developed these hallmarks and expanded them in 20113,4. 

These describe the changes that a normal cell and the surrounding environment must 

undergo to enable transformation into a cancer cell and then proliferate and grow 

into a macroscopic tumour. The six key components are shown in Figure 1.1. 

 

Figure 1.1  Summary of the six hallmarks of cancer as described by Hanahan and 
Weinberg4 

Normal tissues undergo growth and proliferation in a tightly controlled environment, 

allowing cells and the organs of which they constitute to maintain their function4. In 

cancer cells the opposite is true as the control of proliferation is lost through the self-

production of growth factors and the stimulation of normal cells to release growth 

factors5. This process is known as sustaining proliferative signalling and coincides with 

the tumour cells developing the ability to evade growth suppressors. Cancer cells 

often achieve this by causing inactivating mutations in tumour suppressor genes or 

activating mutations in oncogenes. Closely linked to these two features is the ability 

of a cancer cell to have replicative immortality, enabling them to endlessly divide and 

multiply and therefore grow and form a macroscopic tumour. This is in contrast to 

normal cells which, as a protective measure, have a finite ability to multiply4. Cells 

with abnormalities can normally self-destruct by inducing apoptosis in the presence 

of signalling imbalances within cells, DNA damage and hyperproliferation6.  This 
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process is controlled by tumour suppressor genes, but mutations within these genes 

enables cancer cells to resist cell death and help pave the way for cancer 

development. 

All cells require oxygen and nutrients to survive and cancer cells are no different. The 

process whereby cancer cells develop their own blood supply to enable tumour 

survival and growth is known as angiogenesis. In healthy human tissue, angiogenesis 

is switched on and off as required, whereas in tumours this is uncontrolled leading to 

tumour growth and providing the framework for metastases, as cancer cells invade 

into blood vessels and are then dispersed through them7. It should be noted that 

although angiogenesis occurs in tumour growth, cancer cells also have the ability to 

survive in sub-optimal conditions and switch to anaerobic respiration to survive if 

required4. 

These five processes discussed above describe the conditions required for cancer 

development and growth. However, the main cause of cancer mortality is metastatic 

disease. As cancer cells progress to higher pathological grades they develop the 

ability to metastasise and the key features seen in higher grade tumours, include 

change in cell shape and the extracellular matrix, and the loss of E-cadherin8. The 

process of tumour invasion and metastasis known as the ‘invasion-metastasis 

cascade’ describes the step wise process of local invasion, spread of cancer cells into 

blood and lymphatic vessels, transfer to distant organs, development of micro-

metastasis and then finally macroscopic metastatic disease9.  

These acquired hallmarks of cancer describe the mechanisms whereby cancer cells 

develop the capabilities to survive, grow and metastasise. The acquisition of these 

functional capabilities is facilitated by two enabling characteristics, firstly, through 

the development of genomic instability in cancer cells, and secondly due to the 

environment created due to tumour-promoting inflammation10. Genomic instability 

promotes a selective advantage for tumour growth which results in the dominance 

and overgrowth of the tissue in which the tumour is present10. The inflammatory 

response seen within cancer cells was previously felt to be an attempt to destroy 

tumours. However, the evidence now demonstrates that the tumour-associated 
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inflammatory response contributes to the aforementioned hallmarks of cancer by 

providing growth factors and enzymes involved in the process10.  
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1.3 The oesophagus  

1.3.1 Oesophageal anatomy  

The anatomy of the oesophagus is demonstrated in Figure 1.2. The oesophagus is a 

hollow muscular tube stretching from the end of the oropharynx at level C6 through 

the diaphragm to the gastro-oesophageal junction where it enters the stomach11. It 

is generally 25-30cm long in humans and can be divided into the cervical, thoracic 

and abdominal components11. Oesophageal adenocarcinoma tends to affect the 

lower third of the oesophagus whereas oesophageal squamous cell carcinoma 

typically affects the upper two thirds. This is explained by the difference in the 

histological make-up of the oesophagus as described below12. 

1.3.2 Oesophageal histology 

The oesophagus is histologically made up of four distinct layers; from inside to 

outside: mucosa, submucosa, muscularis externa and adventitia. The muscle layer is 

further divided into an inner circular and outer longitudinal layer. The normal 

oesophageal mucosa is non-keratinising stratified squamous epithelium which 

changes to a columnar gastric epithelium at the squamo-columnar junction where 

the oesophagus meets the stomach12. Squamous cell carcinoma arises from the 

squamous epithelium whereas the oesophageal adenocarcinoma arises from 

columnar epithelium following the development of Barrett’s oesophagus12. Barrett’s 

oesophagus is the transformation of the normal squamous epithelium into 

metaplastic columnar epithelium which can subsequently undergo dysplastic 

changes followed by malignant transformation4. 

1.3.3 Oesophageal physiology  

The main role of the oesophagus is to transport food from the mouth into the 

stomach through co-ordinated progressive contractions called peristalsis. The 

swallowing mechanism involves relaxation of the upper oesophageal sphincter while 

the epiglottis simultaneously moves downwards to protect the trachea and prevent 

aspiration of food. During the fasting state the upper and lower sphincters are 

contracted which prevents aerophagia and reflux of gastric contents13. Dysfunction 

of the lower oesophageal sphincter results in gastro-oesophageal reflux (GORD) 
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disease which is a risk factor for Barrett’s oesophagus and oesophageal 

adenocarcinoma. This is discussed in more detail in section 1.5.   

 

Figure 1.2  Diagram of oesophageal anatomy14 
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1.4 Oesophageal Cancer 

1.4.1 Incidence 

There are two distinct histological subtypes of oesophageal cancer, namely 

adenocarcinoma and squamous cell carcinoma2. However, rarer forms do exist 

including sarcomas and small cell carcinomas which make up 1-2% of all oesophageal 

cancers15. Although the majority of this thesis focuses on oesophageal 

adenocarcinoma there are occasions when oesophageal squamous cell carcinoma is 

discussed separately, whilst at other times these two subtypes are considered 

together under the heading of oesophageal cancer. 

Oesophageal cancer has a rising incidence and is the sixth most common cancer 

worldwide with 572 034 new diagnosis made in 20184. This is an increase in over 100 

000 cases since the last publication of the Globocan data in 2012. The overall 

incidence and histological subtype incidence varies significantly between 

geographical locations as demonstrated in Figure 1.31 and Figure 1.416. The latter 

results are from the Globocan data from 2012 as there are no up to date publications 

as of yet which differentiate between the two histological sub-types.     

Oesophageal squamous cell carcinoma continues to be the predominant 

oesophageal cancer in the developing world with a particularly high incidence in Asia 

and in the ‘oesophageal cancer belt’ which runs from Northern Iran to North Central 

China17. However, in the last three to four decades there has been a dramatic shift in 

the histological sub-type of oesophageal cancer diagnosed in the developed world 

with a decreased incidence of squamous cell carcinoma, and a simultaneous increase 

in the incidence of adenocarcinoma. For example, in the USA, between 1975 and 

2004 there was a 463% increase in oesophageal adenocarcinoma and similar patterns 

have been seen in UK, and Western Europe where the incidence of oesophageal 

adenocarcinoma now outnumbers the incidence of oesophageal squamous cell 

carcinoma2. These changes have been partly attributed to changes in behavioural 

factors including increased rates of obesity, and this is discussed within section 1.4.3. 

The other risk factors for these two histological cancers are discussed in greater detail 

within section 1.5, 1.6, and 1.7. 
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Figure 1.3  Estimated incidence of oesophageal cancer across regions as per 
GLOBOCAN 2018 estimates17 

 

Figure 1.4  Age-standardised incidence rate of oesophageal cancer per 100 000 of 
the population by histological subtype, region and sex. AC, adenocarcinoma; SCC, 
squamous cell carcinoma 2012.16 



29 

1.4.2 Mortality 

Oesophageal cancer is the sixth most common cause of cancer mortality worldwide 

with approximately 508 585 deaths per year1. The 5-year survival rates for this 

malignancy are reported between 10% and 18% in Western settings18,19. In the UK 

only 38% of patients are suitable to undergo treatment with a curative intent but in 

this cohort of patients the 5-year survival is still as low as 47% 19,20. Following 

treatment with curative intent the survival outcomes vary slightly between the two 

main histological types of oesophageal cancer as demonstrated in the Table 1.1. In 

patients with regional lymphatic disease, 21% will survive for five years whereas 

patients with metastatic disease will mostly survive for only 3 to 12 months and only 

4% will survive for 5 years21. These survival figures are similar to those within the US 

where patients with localised disease have a five-year survival of 45%, and only 5% 

of patients with metastatic disease will survive for 5 years.22.  

Table 1.1  Survival differences in the UK between the two main histological subtypes 
of oesophageal cancer following treatment of curative intent19  

Survival time  Squamous cell carcinoma Adenocarcinoma 

1 year 75% 80% 

2 years 50% 60% 

3 years 40% 50% 

1.4.3 Projected incidence and mortality of oesophageal cancer 

As discussed in section 1.4.1 the worldwide incidence of both histological subtypes 

of oesophageal cancer is changing. Multiple studies have used long-term incidence 

data to predict the future incidence of oesophageal cancer. Offman et al investigated 

the changing trends in oesophageal adenocarcinoma in England between 1972 and 

2012 and using this data made projections for the incidence up to 203723. This group 

reported a relative increase in oesophageal adenocarcinoma cases of 455% for men 

and 353% for women between 1972 and 2012 but the greatest increase in incidence 

was in the first twenty years with a subsequent slowing down in the following 20 

years. Based on the trends identified within sections of this forty-year period the 

incidence rates of oesophageal adenocarcinoma are predicted to decrease by 5% for 
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men and increase by 6% for women until 2032. Similar studies have been performed 

in countries within the developed western world and the results have been 

consistent. Some countries have had a rapid increase in incidence of oesophageal 

adenocarcinoma until the 1990’s24 whereas others report a rapid rise in incidence 

until the late 2000s before then slowing down25. These studies also concluded that 

the previously seen rapid rise in incidence of oesophageal adenocarcinoma will likely 

level off until 203024,25,26. In oesophageal squamous cell carcinoma there has been a 

decreasing incidence in England over the last forty-years, and this is projected to 

continue to decrease between 2012 and 203727.  

1.4.4 Clinical presentation 

Patients with oesophageal cancer may present with dysphagia, dyspepsia, weight 

loss, vomiting, haematemesis or iron deficiency anaemia2.  Physical examination is 

often unremarkable but patients may be cachectic or have evidence of metastatic 

disease, such as supra clavicular lymphadenopathy or hepatomegaly due to tumour 

deposits12. 

1.4.5 Investigations  

The investigations performed are symptom dependent, but in the case of upper 

gastrointestinal tract symptoms or anaemia, first line investigations include 

gastroscopy28. Biopsies of suspected tumours are taken and sent for pathological 

examination and radiological staging is subsequently performed. A computed 

tomography (CT) scan of the chest and abdomen and pelvis is usually performed to 

help identify locally advanced disease and the potential presence of metastasis. If 

there is no evidence of metastatic disease the patient will proceed to positron 

emission tomography CT (PET-CT) scan to look for smaller undetected metastases2. 

Endoscopic ultrasound (EUS) and staging laparoscopy are the two other procedures 

frequently used to detect local invasion, lymphadenopathy or metastatic disease29,30. 

The value of EUS has been demonstrated in a meta-analysis of 49 studies with 2558 

patients which demonstrated that EUS has a good sensitivity and specificity to 

diagnose T1 (81.6% sensitivity and 99.4% specificity) and T4 disease (92.4% sensitivity 

and 97.4% specificity). Furthermore, the use of fine needle aspiration in conjunction 

with EUS improved the diagnostic accuracy of nodal disease, particularly in cases 
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where the presence of an involved node may change patient management31. 

Laparoscopy is used for staging in patients with a tumour with an intra-abdominal 

component, as this helps identify peritoneal disease which would not be detected 

otherwise32. Accurate staging is essential to enable the correct treatment to be 

initiated and prevent surgical intervention which has no survival benefit but is 

association with a high risk of morbidity and mortality. 

1.4.6 Staging 

Staging for oesophageal cancer is in line with the American Joint Committee on 

Cancer (AJCC) 8th edition33. This offers three methods of staging, including the clinical, 

pathological, and post neo-adjuvant stage of disease.  The clinical stage is used prior 

to the administration of neo-adjuvant treatment or if surgery is not possible, whereas 

the pathological stage is used following surgical resection. Post neo-adjuvant staging 

is done if surgery is performed after neo-adjuvant therapy. 

The tumour stage, lymph node status, presence or absence of metastatic disease and 

grade of the tumour are combined to give the overall stage of the tumour. The criteria 

for the tumour, nodal and metastatic status of the tumour are presented in Table 1.2 

and the pathological tumour staging which is ranked from 0-4 using the TNM 

classification and grade of the tumour is presented in Table 1.3. The different grades 

of tumour reflect the degree of abnormality of the tumours cells and how closely they 

resemble normal cells and this influences prognosis; with the most poorly 

differentiated disease indicating more aggressive tumour33. The potential grades of 

tumour are displayed in Table 1.4. 
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Table 1.2  Criteria to differentiate between the tumour, nodal and metastatic status 
of the tumour33 

Tis Carcinoma in situ/High-grade dysplasia 
T1a Lamina propria or muscularis mucasa 
T1b Submucosa 
T2 Muscularis propria 
T3 Adventitia 
T4a Invading-pleura/pericardium/diaphgargm/adjacent peritoneum 
T4b Invading other structures eg aorta/trachea 
N0 No regional lymph node metastases 
N1 1 to 2 positive regional lymph nodes 
N2 3 to 6 positive regional lymph nodes 
N3 ≥7 positive regional lymph nodes 
M0 No distant metastasis 
M1 Distant metastasis 

Table 1.3 Pathological stage of the tumour as per the TNM status and grade (G) of 
the tumour using the AJCC 8th edition criteria33 

Stage T N M G 
0 is (HGD) 0 0 1 
IA 1 0 0 1–2 
IB 1 0 0 3 
 2 0 0 1–2 
IIA 2 0 0 3 
IIB 3 0 0 Any 

1–2 1 0 Any 
IIIA 1–2 2 0 Any 

3 1 0 Any 
4a 0 0 Any 

IIIB 3 2 0 Any 
IIIC 4a 1–2 0 Any 

4b Any 0 Any 
Any N3 0 Any 

IV Any Any 1 Any 
 
Abbreviations: G, histologic grade; M, metastasis classification; NA, not applicable; 
pN, pathologic lymph node classification; pT, pathologic tumor classification; Tis, 
tumor in situ.  

Table 1.4 Potential grades of tumour33 

 G1 Well differentiated 
 G2 Moderately 

differentiated 
 G3 Poorly differentiated 
 G4 Undifferentiated 
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1.4.7 Management 

The most recent results from the 2018 National Oesophago-Gastric Audit reported 

the national management of oeosophago-gastric cancer within England and Wales. 

There were 38.6% of patients who received treatment with curative intent (75% of 

cases involved surgical resection), 14.8% received no active treatment and 47% 

received palliative treatment34. The management of oesophageal cancer is primarily 

based on the stage of the cancer at diagnosis, the patient’s fitness for surgery and 

the patient’s preference. Ideally, every case will be discussed within the multi-

disciplinary team setting and a collective decision reached on the optimum 

management for each patient. Figure 1.5 demonstrates the different pathways 

involved in the treatment of oesophageal cancer as per the European Society for 

Medical Oncology (ESMO)guidelines32. These treatment options are discussed in 

greater detail below. 

 

Figure 1.5  Flow chart demonstrating the optimum treatment options for 
oesophageal adenocarcinoma per histological type and stage of disease32 
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1.4.7.1 Endoscopic treatment 

Endoscopic treatment is an alternative to surgery in early localised disease as it has 

similar curative rates without the high morbidity and mortality rates associated with 

surgical resection35. When there is in-situ disease and no lymph node involvement 

(T1a N0) endoscopic mucosal resection (EMR) has been shown to eradicate cancer in 

91%-98% of cases, while in Barrett’s oesophagus eradication is successful in almost 

99% of cases35. Recognised complications include bleeding, perforation and stricture 

formation and patients  require regular follow-up endoscopy35. 

In patients with submucosal infiltration limited to the upper third of the submucosa 

(SM1), endoscopic submucosal dissection (ESD) is another endoscopic treatment 

option. There is ongoing debate regarding the optimum management of these 

patients.  When infiltration is limited to the upper third of the submucosa (invasion 

less than 500 microns), there is no evidence of lymphovascular invasion and tumour 

differentiation is good to moderate, patients are deemed to be at low risk of 

recurrent disease. A recent systematic review of six studies with 359 early stage 

oesophago-gastric tumours demonstrated that the complete resection rate was 87% 

using this technique36. The risk of lymph node metastasis is reported to  be between 

0-33% in these patients whereas in high risk patients with infiltration of the middle 

or lower third of the submucosa, poor tumour differentiation and the presence of LVI 

the risk of lymph node metastasis is reported to be as high as 60%35. A recent 

retrospective study by Kunzli et al reported outcomes in patients with submucosal 

oesophageal adenocarcinoma who underwent ESD37. This included 35 patients of 

which 18 were considered to be within the high-risk category. Following treatment, 

patients entered a follow-up programme of three-monthly endoscopy and EUS within 

1 year and then gastroscopy and EUS six-monthly. Five out of the 35 patients had 

luminal recurrence which was successfully managed with further endoscopic 

management and there was no evidence of lymph node recurrence in the high-risk 

group during a median follow-up of 24 months. This study suggests that endoscopic 

management is more successful at managing high risk submucosal lesions than first 

thought and is a viable alternative to surgical resection37. 
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EMR and ESD have a significant advantage over ablation techniques in that they 

provide tissue for histological staging, meaning if the tumour is more advanced than 

it was found on clinical staging then salvage surgery can be performed2,36.  

There is also a role for endoscopic treatment in pre-malignant conditions. Patient’s 

with low grade dysplasia on a background of Barrett’s oesophagus have traditionally 

entered a surveillance programme with the view to early diagnosis and treatment of 

those patients who develop high grade dysplasia. However, the 2014 randomised 

trial by Phoa et al compared the outcomes of radiofrequency ablation versus 

endoscopic surveillance in patients with Barrett’s oesophagus and low-grade 

dysplasia38. There were 68 patients randomised to each treatment arm and results 

demonstrated a 25% reduced risk of progression to high-grade dysplasia or 

adenocarcinoma in the ablation group compared to the surveillance group38. This 

study has led to a subsequent change in the BSG guidelines with ablation therapy 

recommended in patients with low grade dysplasia39.  

1.4.7.2 Surgery 

In those tumours which go beyond the margins suitable for ESD, but are within the 

clinical staging of T1-T2, proceeding straight to surgery is the treatment of choice as 

the evidence showing a benefit of preoperative therapy in this patient cohort is 

lacking32. Indeed, a recent multicentre randomised phase three trial involving 195 

patients (97 patients had surgery alone and 98 had neoadjuvant chemoradiotherapy) 

with either stage I or stage II disease found that neo-adjuvant treatment with 

cisplatin and fluorouracil was not associated with improved R0 resection rates and 

instead poorer rates of postoperative mortality40. However, in T3-T4 disease or if 

lymph node involvement is suspected then pre-operative neo-adjuvant therapy is 

given with the aim of down staging the tumour prior to potential surgery. There are 

a variety of recognised surgical approaches including the Ivor Lewis oeosphagectomy, 

Mckeown oesophagectomy, left thoracoabdominal approach and transhiatal 

oeosphagectomy. The surgical approach chosen depends on tumour location and the 

operating surgeon’s preference. Open, laparoscopic and thoracoscopic techniques 

can be applied to these approaches41,42,43.  
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1.4.7.3 Medical treatment 

In patients with locally advanced disease (T3-T4 or N1-3 M0) surgery alone does not 

achieve an R0 resection in 30% of T3 cases and 50% of T4 cases32. In these patients, 

neo-adjuvant treatment has been shown to improve the rates of R0 resection and 

survival32. Multiple randomised trials have compared outcomes of preoperative 

chemotherapy and surgery versus surgery alone. Between 1992 and 1998, OEO2 

recruited 802 patients to investigate the outcomes between chemotherapy and 

surgery versus surgery alone. There were 432 patients in the chemotherapy group 

who received 2 cycles of Cisplatin and 5-Fluorouracil (5-FU) and 437 in the surgery 

alone group44. In the analysis for oesophageal adenocarcinoma only, the addition of 

neo-adjuvant chemotherapy was associated with a 16% increased risk of survival (HR 

0.84 95% CI 0.72-0.98) in comparison to surgery alone with a 5-year survival of 23% 

in the former group compared to 17.1% in the latter44. This was followed by the 

MAGIC trial which included 503 patients with clinically resectable, locally advanced 

adenocarcinoma of the stomach, oesophagus and oesophago-gastric junction45.  

There were 250 patients who underwent perioperative chemotherapy and surgery 

and 253 who underwent surgery only. The chemotherapy regime involved 3 

preoperative and 3 post-operative cycles of epirubicin, cisplatin, and 5-FU (ECF 

regime). There was a 25% (HR 0.75 95% CI 0.60-0.93) increased risk of survival in the 

chemotherapy group in comparison to the surgery only group. Furthermore, the 5-

year survival was 36.3% in the perioperative chemotherapy group  compared to 23% 

in those patients who underwent surgery only45. In 2017 Alderson et al published the 

OEO5 trial46. This study included 897 patients with clinically resectable, locally 

advanced adenocarcinoma of the oesophagus and oesophago-gastric junction. 

Patients were randomised to standard chemotherapy of 2 cycles of cisplatin and 5-

FU followed by surgery or ECX chemotherapy which included 4 cycles of epirubicin, 

cisplatin and capecitabine followed by surgery. There was no statistically significant 

difference in survival between the two groups (HR 0.90 95% CI 0.77-1.05)46.  The 

FLOT4 trial is the most recent publication investigating the role of neo-adjuvant 

chemotherapy in oesophageal adenocarcinoma47. This included 716 patients with 

medically and technically operable gastric adenocarcinoma or gastro-oeosphageal 

junctional tumours. Patients were randomised to either four cycles of FLOT 
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(docetaxel, oxaliplatin, leucovorin and 5-FU) followed by resection and then a further 

four cycles or three cycles of ECF/ECX followed by resection and then a further three 

cycles of ECF/ECX. Administration of FLOT improved resection rates (78% vs 85% 

p=0.016), downstaging and survival (median survival 50 months vs 35 months)47.  

The main study investigating the role of chemo-radiotherapy in oesophageal cancer 

was presented in the CROSS trial48. This included 368 with clinically resectable, locally 

advanced squamous cell carcinoma and adenocarcinoma of the oesophagus and 

oesophago-gastric junction. Patients were randomised to either Paclitaxel, 

Carboplatin, radiotherapy and surgery versus surgery alone. When outcomes were 

investigated in the adenocarcinoma cohort, there was a 27% (HR 0.73 95% CI 0.55-

0.98) increased risk of survival in the chemo-radiotherapy plus surgery group in 

comparison to the surgery only group. Furthermore. The median overall survival was 

43.2 months in the former group compared to 27.1 months in the latter group48.  

The complications associated with administration of radiotherapy and different 

chemotherapy agents coupled with the interpretation of the aforementioned studies 

have led to a range of practises in the management of oesophageal adenocarcinoma. 

For example, the US favours neo-adjuvant chemo-radiotherapy, the UK typically uses 

neo-adjuvant chemotherapy, Germany favours using FLOT and the Dutch have in 

general applied the CROSS regime. The studies and subsequent interpretations 

highlight the necessity for further studies to identify the optimum treatment strategy. 

1.4.7.4 Palliative management 

In patients with metastatic disease, symptom management is often the priority2. 

Radiotherapy, brachytherapy, and stent insertion can be used for symptom control 

while chemotherapy can be used to improve symptoms and prolong survival in 

patients who are medically suitable32. The Randomised ECF trial for advanced and 

Locally Advanced Esophagogastric Cancer 2 (REAL-2) demonstrated that capecitabine 

and oxaliplatin are as effective as fluorouracil and cisplatin in the management of 

unresectable oesophago-gastric cancerand have less grade 3 and 4 complications49. 

The TOGA trial reported that Trastuzumab in combination with chemotherapy in 

patients with HER2-positive advanced gastro-oeosphageal junction cancer can 

improve median survival times than chemotherapy alone50. 
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1.4.7.5 Follow-up after curative resection 

The majority of patients who have undergone curative surgery will have a relapse of 

their disease with either local recurrence or distant metastases within 2 years of their 

surgical resection51. Post-operative follow-up with upper GI endoscopy and CT 

imaging may help identify recurrence although there is no evidence to support 

regular use of these two modalities in asymptomatic patients52.   

Given the ongoing poor survival associated with oesophageal cancer, further 

research including the development of new adjuvant therapies is essential to improve 

outcomes. Surgical techniques have developed such as the introduction of minimally 

invasive surgery and there is increasing evidence to show that prehabilitation 

improves outcomes in patients undergoing surgical resection53. However, the impact 

of lifestyle factors on oesophageal cancer survival has received less attention and this 

is outlined in section 1.8. 
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1.5 Risk factors for oesophageal cancer 
Within this section there is an initial focus on general risk factors for oesophageal 

cancer but following this there is a more in-depth discussion on the risk factors 

associated with the two histological subtypes; oesophageal adenocarcinoma and 

oesophageal squamous cell carcinoma.  

1.5.1 Age 

The risk of oesophageal cancer increases with age as demonstrated in Figure 1.615,54,. 

This graph demonstrates that in the UK the incidence peaks between the ages of 60-

64 closely followed by the ages 65-69. This is similar to the trends seen in the US 

where a study of 49,766 patients with oesophageal cancer demonstrated a mean age 

of diagnosis of 67 and the majority of newly diagnosed patients were aged over 65. 

An oesophageal adenocarcinoma diagnosis is rare in patients under the age of 30 as 

shown in Figure 1.6 and data from the SEER registry in the US found that only 0.5% 

of cases occurred in this age group55.  

 

Figure 1.6  Average number of new cases of oesophageal cancer per year and age-
specific incidence rates per 100,00 population UK 2013-201554. 

Taken from Cancer Research UK 
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1.5.2 Sex  

The incidence of both oesophageal adenocarcinoma and oesophageal squamous cell 

carcinoma is greater in males than females as demonstrated in Figure 1.316 and Figure 

1.654. When considering the different continental male to female ratios of 

oesophageal adenocarcinoma incidence, there is a significantly higher ratio of males 

in all continents other than Africa (1.03 95% CI 0.64-1.64))56. The highest ratio is seen 

in North America (7.64 95% CI 7.43-7.86) followed by Oceania (6.24 95% CI 5.68-

6.85), Europe (6.04 95% CI 5.88-6.20), Asia (4.37 95% CI 3.95-4.84) and Latin America 

and the Caribbean (3.94 95% CI 3.45-4.50). There is also variation within countries in 

each continent56.  For example, within Europe the ratio of male to female cases of 

oesophageal adenocarcinoma is 4.91 (95% CI 4.74-5.09) in the UK and 5.70 (95% CI 

5.28-6.15) in the Netherlands. The reasons behind this difference in incidence of 

oesophageal adenocarcinoma in males and females have been investigated but as 

yet have not been identified. It has been hypothesised that the abdominal obesity 

seen in males and the difference in sex hormones between males and females is the 

cause for a difference in incidence of oesophageal adenocarcinoma between the two 

sexes but there is no current evidence to support these hypotheses56. A recent 

publication by Fitzgerald et al has suggested that asbestos exposure through its use 

for filtering in the brewing and manufacturing of alcoholic drinks up to 1980 and the 

use of asbestos filtering of draught beer in public houses in Britain may account for 

the current epidemic of oesophageal adenocarcinoma within the UK and also account 

for the strong male predominance of this disease57.  

Oesophageal squamous cell carcinoma is also more common in men than women 

with 69% of all cases worldwide being in the former and 31% diagnosed in the latter58. 

However, the ratios vary significantly between areas. For example, in the US the ratio 

is 4:1 male to female whereas in several other countries such as those in North East 

Africa there is a higher incidence in females. The increased incidence in males is 

thought to be secondary to increased cigarette smoking and alcohol consumption 

compared to females as these are two aetiological factors are heavily associated with 

the development of oesophageal squamous cell carcinoma58. 
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1.5.3 Ethnicity 

Multiple studies have revealed significant differences in the overall incidence and 

incidence of the two main histological sub-types of oesophageal cancer between 

different ethnicities. Many of these studies have been performed in the US given the 

wide cultural diversities within society. Islami et al analysed the incidence of 

oesophageal cancer diagnoses between different ethnic groupings in the US between 

1997-2014 and these results are presented in Figure 1.7. Oesophageal 

adenocarcinoma has highest incidence in non-Hispanic white followed by the 

American Indian/Alaska Native groups, whereas oesophageal squamous cell 

carcinoma is highest in the non-Hispanic black population and lowest in the non-

Hispanic white population59. 

 

Figure 1.7  Incidence of oesophageal adenocarcinoma and oesophageal squamous 
cell carcinoma in both sexes across different ethnic groupings within the US. NH- 
non-hispanic/ Asian/PI- pacific islander, AI/AN American Indian, Alaska Native59 
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1.6 Risk factors for oesophageal adenocarcinoma 

1.6.1 Gastro-oesophageal reflux 

Multiple studies have found a strong association between gastro-oeosphageal reflux 

(GORD) and oesophageal adenocarcinoma although over half of the patients who 

develop oesophageal adenocarcinoma have never had symptoms of GORD. A case-

control study in Sweden of 189 patients with oesophageal adenocarcinoma found 

that patients with recurrent reflux symptoms were 7.7 times more likely to develop 

oesophageal adenocarcinoma than those without symptoms (OR 7.7 95% CI 5.3-

11.4). Furthermore, in patients with more severe and a greater duration of symptoms 

the risk increased (OR 43.5 95% CI 18.3-103.5)60. These findings were supported by 

the Barrett’s and Oesophageal Adenocarcinoma Consortium (BEACON) study which 

combined results from five case-control studies including 4,057 cases of oesophageal 

adenocarcinoma. In those patients, with greater than 20 years duration of symptoms 

the odds of developing oesophageal adenocarcinoma was 6.24 (95% CI 3.37-11.55) 

compared to 2.8 (95% CI 1.6-4.91) if symptoms had been experienced for less than 

10 years61. Overall, the general consensus is that there is a strong association 

between GORD and the development of Barrett’s oesophagus and oesophageal 

adenocarcinoma. This is discussed in more detail in section 1.6.2. 

1.6.2 Barrett’s Oesophagus 

Barrett’s oesophagus is a precursor for oesophageal adenocarcinoma rather than a 

risk factor62. Risk factors associated with Barrett’s oesophagus include GORD, 

increasing age, male sex, and cigarette smoking62. Gastro-oesophageal reflux causes 

inflammation of the oesophageal mucosa which causes a transformation from 

squamous epithelium to columnar lined metaplastic epithelium. The ongoing insult 

from acid reflux can cause progression to mild dysplasia followed by severe dysplasia 

and eventually invasive malignancy15.  

The reported prevalence of Barrett’s oesophagus varies between studies. For 

example, a Dutch study reported a prevalence of 0.005% in 120 000 patients between 

the age of 55-6963, an American study reported a prevalence of 0.4% during autopsy 

findings64, and two European endoscopy studies reported prevalence’s of 1.3% and 



43 

1.6% in an Italian and Swedish study respectively63. These results are reliant on the 

population studied, the point in time of their investigation and the endoscopic and 

histological criteria used to confirm a diagnosis. Patients who have reflux symptoms 

have been shown to have a higher prevalence of Barrett’s than asymptomatic 

patients. For example, a study by Rex et al compared the prevalence of Barrett’s 

oesophagus between symptomatic and asymptomatic patients in a colonoscopy 

screening programme and reported a prevalence of 8.3% in the former and 5.6% in 

the latter.  

In order to get a true prevalence of Barrett’s oesophagus within a population both 

asymptomatic and symptomatic patients need to be included for assessment. A study 

by Ronkainen et al sought to identify the prevalence within a Swedish population65. 

This group performed random sampling in two Swedish towns. From a target 

population of 21,610, every seventh adult between the ages 20-80 was invited to take 

part. From this cohort of 3000 patients a third were invited for upper gastrointestinal 

endoscopy. Barrett’s oesophagus was found in 16 patients (mean age 52.2 in men 

and 63 in women) which amounted to a prevalence of 1.2% in patients without reflux 

symptoms and 2.3% in patients with reflux symptoms65.  

The accepted test for diagnosing Barrett’s oesophagus is upper gastrointestinal 

endoscopy. However, the recently developed Cytosponge is a potential viable 

alternative for diagnosing Barrett’s oesophagus and this would be particularly 

beneficial within the primary care setting66. This technique involves swallowing a 3cm 

diameter, polyester, medical grade mesh sphere on a string which is held within a 

gelatine capsule. The capsule dissolves within five minutes allowing the mesh to 

expand which is then pulled out of the stomach using the attached string. Cells from 

the entire oesophagus are collected in the mesh and are tested for the presence of 

Barrett’s oesophagus using the IHC marker TTF366. Studies have shown this method 

to be a safe, cost effective method for diagnosing Barrett’s but the ongoing BEST3 

trial aims to assess its efficacy in comparison to the gold standard of gastroscopy66. 

Patients have been recruited from 120 GP surgeries and are allocated to either 

undergo Cytosponge followed by endoscopy to confirm the diagnosis or just 

endoscopy.  
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Making an accurate diagnosis of Barrett’s oesophagus is essential but it is of equal 

importance to identify the presence of dysplastic cells as this helps identify patients 

at a higher risk of progressing to invasive malignancy. The Vienna classification has 

classified Barrett’s oesophagus into negative for dysplasia, indefinite for dysplasia, 

non-invasive low-grade dysplasia, non-invasive high grade dysplasia and invasive 

neoplasia67. When investigating the true risk of Barrett’s oesophagus progressing to 

invasive malignancy it is important to adequately sample the Barrett’s segment and 

exclude patients from studies with high grade dysplasia or invasive malignancy at the 

outset. This may indeed be missed on tissue sampling but excluding those patients 

who develop invasive malignancy within the first few months of follow up will help 

eliminate this. Although several hospital-based studies have shown the progression 

of Barrett’s oesophagus to oesophageal adenocarcinoma is as high as 0.5% per year, 

several large population-based studies have shown this to be much lower at 0.12%-

0.14%68,69,70. These results are presented in Table 1.5 which also demonstrates that 

the risk of malignant transformation is highest in those patients with dysplasia. 

Table 1.5 The key findings of three large cohort studies which have studied the risk 
of malignant progression in patients with Barett’s oesophagus. 

 Bhat et al69 De Jonge et al70 Hvid-jensen et 
al68 

Country Northern Ireland Netherlands Denmark 
Number of patients 8522 42 207 11 028 
Period of study 1993-2005 1991-2006 1992-2009 
Median follow up 
in years 

7.0 - 5.2 

Annual incidence of 
oesophageal 
adenocarcinoma 

0.13% 0.14% 0.12% 

10 year cancer risk 
if no dysplasia 

2.6% 6% 3% 

10 year cancer risk 
if low grade 
dysplasia 

- 13% 7% 

Annual incidence of 
malignancy if low 
grade dysplasia 

0.91%   

In the UK, patients diagnosed with Barrett’s oesophagus are entered into a 

surveillance programme with the aim of achieving earlier detection of oesophageal 
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adenocarcinoma through identifying the presence of dysplasia and initiating early 

treatment before the development invasive malignancy. There is also the added 

benefit of a significantly lower tumour stage and a significantly improved survival (HR 

for death 0.39 95% CI 0.27-0.58) in patients with a previous diagnosis of Barrett’s who 

developed oesophageal adenocaricoma as demonstrated by a retrospective 

population-based study of all oesophageal adenocarcinoma patients in Northern 

Ireland between 2003-200869. 

The guidelines for follow up endoscopy in non-dysplastic Barrett’s have been created 

by the British Society of Gastroenterology and are presented in Figure 1.871. These 

guidelines have been created using the best available evidence regarding the risk of 

malignant transformation such as those studies presented within Table 1.5. Most 

non-dysplastic Barrett’s oesophagus patients undergo repeat endoscopy every 2-3 

years, however in those patients with Barrett’s segment less than 3cm or have gastric 

metaplasia rather than specialised intestinal metaplasia there is the potential for 

discharge on a case by case basis. Patients with dysplastic changes require 

endoscopic therapeutic intervention to prevent malignant transformation and this is 

summarised in Figure 1.9. Although the follow up of patients with Barrett’s 

oesophagus is essential, there is no accepted screening programme to identify 

asymptomatic patients as this currently lacks cost-effectiveness and despite the cost 

there is a minimal survival benefit71. This highlights the necessity of understanding 

the risk factors associated with this disease better to enable the identification of high-

risk populations who can have targeted investigations. 
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(OGD- oeosphago-gastric-duodenoscopy) 

Figure 1.8  Guidelines on the follow up of non-dysplastic Barrett’s Oesophagus as 
per the British Society of Gastroenterology71 

 
(HGD- high grade dysplasia, LGD- low grade dysplasia, MDT- multi-disciplinary team) 

Figure 1.9  Guidelines on the follow up of dysplastic Barrett’s Oesophagus as per the 
British Society of Gastroenterology72 
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1.6.3 Obesity 

The association between obesity and oesophageal adenocarcinoma has been studied 

extensively after it was hypothesised that the rise in oesophageal adenocarcinoma in 

western society coincided with an increase in obesity rates.  Multiple studies and 

subsequent systematic reviews have been performed which demonstrate an 

association between obesity and the development of oesophageal adenocarcinoma. 

Kubo et al performed a systematic review which included 14 studies (2 cohort studies 

and 12 case-control studies) with 2,488 patients diagnosed with oesophageal 

adenocarcinoma. There was a dose responsive increased rate of oesophageal 

adenocarcinoma in overweight patients. In patients with BMI 25-29.9 there was 90% 

(OR 1.9 95% CI 1.5-2.4) increased risk of oesophageal adenocarcinoma compared to 

patients of normal weight. This increased further in patients with a BMI of 30 or 

greater who had a 2.4 times increased risk of oesophageal cancer compared to those 

of normal weight73. A further systematic review by Hampel et al identified seven 

studies which examined for an association between obesity and oesophageal 

adenocarcinoma. In patients with BMI between 25 and 30 there was a significantly 

increased risk of oesophageal adenocarcinoma (OR 1.52 95% CI 1.15-2.00) and there 

was a dose responsive relationship seen within patients who had a BMI of greater 

than 30 (OR 2.78 95% CI 1.85-4.16)74.   

Although there is an overall consensus that obesity is associated with the 

development of oesophageal adenocarcinoma, the mechanisms involved are not 

totally understood. One potential mechanism includes a mechanical increase in 

abdominal pressure due to excess weight, thereby causing the development of a 

hiatus hernia which results in GORD. It has been hypothesised that this may 

somewhat account for the higher incidence of oesophageal adenocarcinoma in men 

due a higher preponderance for truncal obesity and this has received significant 

attention. Singh et al performed a systematic review of six studies and demonstrated 

that high central adiposity compared with the lowest category of central adiposity 

was associated with an increased risk of oesophageal adenocarcinoma (OR 2.51 95% 

CI 1.56-4.04). Central adiposity was also associated with an increased risk of Barrett’s 

oesophagus (OR 1.98 95% CI 1.52-2.57) in comparison to the lowest grouping of 
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central adiposity75.  A prospective cohort study by Steffen et al of 391,456 patients is 

also of interest. From this cohort, 124 cases of oesophageal adenocarcinoma were 

diagnosed of which 100 were male and 24 were female. Methods of measuring 

obesity included BMI, waist circumference, hip circumference, waist hip ratio and 

waist to height ratio. In all methods, an increased obesity was associated with an 

increased risk of oesophageal adenocarcinoma. When adjusted for BMI, an increased 

waist circumference was still associated with an increased risk of oesophageal 

adenocarcinoma whereas when BMI was adjusted for waist hip ratio the association 

was lost76.  

Obesity also increases the risk of cancer development by inducing metabolic 

disturbances including the release of peptides, insulin resistance and 

hyperinsulinaemia77. Figure 1.10 demonstrates the pathways whereby obesity 

induces a proinflammatory state and promotes cancer development.  

 

Figure 1.10  Biological mechanism of obesity-driven tumour development. Schematic 
diagram represents the main mechanisms that are hypothesized to link obesity and 
cancer risk78.IGF-1: insulin-like growth factor-I; IL-6: interleukin-6; TNFα: tumor 
necrosis factor-α; STAT3: signal transducer and activator of transcription-3; NF-κB: 
nuclear factor-kappaB. 

1.6.4 Cigarette smoking 

Tobacco smoking has been shown to increase the risk of developing oesophageal 

adenocarcinoma. Analysis from the BEACON consortium which included data from 

12 primary studies and included 2990 cases demonstrated that the odds of 
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developing oesophageal adenocarcinoma was twice as high in ever smokers 

compared to never smokers (OR 2.08 95% CI 1.83-2.37)79. Furthermore, a second 

study by the BEACON consortium has demonstrated that there is a dose responsive 

association between the number of pack years smoked and the risk of developing 

oesophageal adenocarcinoma. For example, in comparison to never smokers, those 

who have 1-29 pack years of smoking there is a 66% increased risk of oesophageal 

cancer (OR 1.66 95% CI 1.1-2.4) whereas those who smoked 60 plus pack years there 

was a 2.7 times increased risk of oesophageal cancer (OR 2.77 95% CI 1.4-5.6)80.  The 

evidence for cigarette smoking and its associated risk of oesophageal 

adenocarcinoma is discussed in greater detail in section 2.1.2.  

1.6.5 Alcohol 

The BEACON consortium investigated the impact of alcohol consumption on the 

development of oesophageal adenocarcinoma in 11 studies of which 9 were 

population based, case-control studies and 2 were prospective cohort studies. There 

were 1,821 cases of oesophageal adenocarcinoma, 1,837 oesophagogastric tumours 

and 10,854 control. There was no associated increased risk of oesophageal 

adenocarcinoma (OR 0.97 95% CI 0.68-1.36) or oeosphagogastric junctional 

adenocarcinoma (OR 0.77 95% CI 0.54-1.10) even in those patients with the highest 

consumption of alcohol (>7 drinks per day) compared to never drinkers. However, in 

those who drank between half and less than one drink per day there was a 

significantly lower risk of oesophageal adenocarcinoma (OR 0.63 95% CI 0.41-0.99) 

and oeosphagogastric junctional tumours (OR 0.78 95% CI 0.62-0.99) compared to 

never drinkers suggesting that alcohol at lower levels of intake actually has a 

protective effect. Wine (0.5 to <1 drink/day) was shown to be the most protective 

alcoholic drink with OR 0.59 95% CI 0.45-0.9081. The studies investigating this are 

discussed in section 2.1.5. 

1.6.6 Diet 

The most comprehensive and up to date report on the impact of nutrition on 

oesophageal cancer development has been published by the World Cancer Research 

Fund (WCRF) as part of the Continuous Update Project. Only studies which were 

nested case-control, cohort or randomised controlled trials were searched for and 
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included in this review. Some of the outcomes from this study are presented below 

and a summary is presented in Table 1.682.  

1.6.6.1 Vegetable intake 

Three studies have investigated the impact of vegetable intake on the risk of 

developing oesophageal adenocarcinoma. None of these individual studies 

demonstrated a significant difference in incidence when comparing the highest to 

lowest categories of vegetable intake. However, when a meta-analysis was 

performed there was a 11% decreased risk of oesophageal adenocarcinoma per 100 

grams of vegetables per day in the group with the highest vegetable intake (RR 0.89 

95% CI 0.8-0.99). Green leafy vegetables had the largest protective effect with a 15% 

decreased risk of oesophageal adenocarcinoma per 50 grams consumed per day (RR 

0.85 95% CI 0.74-0.96). Although there were significant results the shortcomings of 

this study should be remembered including the small number of patients included in 

the study (n=415). The evidence that greater vegetable consumption decreases the 

risk of oesophageal adenocarcinoma is limited and further studies are required.  

1.6.6.2 Fruit intake  

There was also limited evidence for the impact of fruit consumption on oesophageal 

adenocarcinoma risk. There were three studies combined in a meta-analysis and 

results demonstrated no significant association between fruit intake and 

oesophageal adenocarcinoma risk (RR 1.03 95% CI 0.95-1.11)82. 

1.6.6.3 Processed meat  

Three studies have also investigated the impact of processed meat on oesophageal 

adenocarcinoma development. In a meta-analysis no association was found (RR 1.19 

95% CI 0.85-1.68)82. 

1.6.6.4 Antioxidant intake  

A meta-analysis has been performed studying the impact of dietary anti-oxidant 

intake and the risk of oesophageal adenocarcinoma83. This included 10 studies of 

which 1 was a cohort study and 9 were case-control studies and included 1,057 cases 

of oesophageal adenocarcinoma. Although none of these individual studies 

demonstrated a reduced risk of oesophageal adenocarcinoma cancer incidence with 

increased anti-oxidant use, when combined, vitamin C (OR 0.49 95% CI 0.39-0.62), 
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beta carotene (OR 0.46 95% CI 0.36-0.59) and vitamin E (OR 0.80 95% CI 0.63-1.03) 

were associated with a decreased risk of oesophageal adenocarcinoma83. 

1.6.6.5 Fibre Intake  

Other dietary factors have been studied including the impact of high fibre intake. 

Coleman et al performed a systematic review combining 8 case-control studies and 

found that high fibre intake was associated with a decreased risk of oesophageal 

adenocarcinoma (OR 0.66 95% CI 0.44-0.98)84. 

1.6.6.6 Vitamin D 

Approximately 90% of vitamin D is synthesised in the skin whilst the remaining 10% 

is ingested in food85. Vitamin D deficiency is associated with several cancers including 

breast, colorectal and pancreatic cancer but the impact on oesophageal 

adenocarcinoma risk is inconclusive. The evidence for this is discussed in section 

5.1.7. Vitamin D exerts its anticancer effects by combining with the vitamin D 

receptor (VDR) and therefore the extent of VDR expression on cancer risk and 

prognosis is also important to investigate. The current evidence for this is discussed 

in Chapter 5 along with our study which reports on the impact of VDR expression on 

oesophageal adenocarcinoma survival within a Northern Ireland population study.  
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Table 1.6 Summary of evidence from WCRF on the impact of diet, nutrition and 
physical activity on oesophageal adenocarcinoma risk 

 

DIET, NUTRITION, PHYSICAL ACTIVITY AND OESOPHAGEAL 

ADENOCARCINOMA  

 DECREASES RISK  INCREASES RISK  

STRONG 

EVIDENCE  

Convincing   Body fatness1  

Probable    

LIMITED 

EVIDENCE  

Limited – 

suggestive  
Vegetables Physical activity2   

Limited – 

no conclusion  

Dietary bread, fruit, red meat, processed meat, total 
meat, poultry, coffee, high-temperature drinks, mate, 
alcohol, pyridoxine, vitamin C, vitamin E, folate, beta-
carotene, 
adult attained height, patterns of diet, cereals (grains) 
and their products, starchy roots, tubers and plantains, 
pulses (legumes), soya and soya products, herbs spices 
and condiments, milk and dairy products, total fat, 
saturated fatty acids, monounsaturated fatty acids, 
polyunsaturated fatty acids, sugary foods and drinks, salt, 
salting, fermenting, pickling, smoked and cured foods, 
nitrates and nitrites, frying, grilling (broiling) and 
barbecuing (charbroiling), protein, vitamin A, retinol, 
thiamin, ribo avin, calcium, iron, zinc, pro- vitamin A 
carotenoids, beta-cryptoxanthin and energy intake  

STRONG 

EVIDENCE  

Substantial 

effect on risk 

unlikely  

 

1. 1  Body fatness is marked by body mass index (BMI), waist circumference and 

waist-hip ratio.  

2. 2  Adencarcinoma and squamous cell carcinoma combined.  

1.6.7 Medications 
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The impact of commonly prescribed medications such as non-steroidal anti-

inflammatories (NSAIDs), aspirin, statins and acid suppression therapy on 

oesophageal adenocarcinoma risk has received a significant amount of interest.  

1.6.7.1 Non-steroidal anti-inflammatory medications  

Liao et al who performed a pooled study of 5 case-control studies and one cohort 

study and reported that NSAIDs were associated with a 32% decreased risk of 

oesophageal adenocarcinoma (OR 0.68 95% CI 0.56-0.83)86. In those patients who 

were the most frequent users and for the longest duration, the risk of oesophageal 

adenocarcinoma was at its lowest (OR 0.56 95% CI 0.43-0.73)86.  

1.6.7.2 Aspirin 

The same study looked at aspirin use and oesophageal adenocarcinoma risk and 

found that ever aspirin use was associated with a 23% decreased risk of oesophageal 

adenocarcinoma (OR 0.77 95% CI 0.60-0.97) and in current users there was a 58% 

reduced risk (OR 0.42 95% CI 0.26-0.66)86. 

1.6.7.2 Statins 

The potential role of statins in risk reduction was reported in a meta-analysis of five 

studies by Singh et al who reported a 43% reduced risk of oesophageal 

adenocarcinoma or high grade dysplasia in patients with Barrett’s oesophagus who 

used statins (OR 0.57 95% CI 0.44-0.75)87.    

1.6.7.3 Acid-suppression therapy  

There are conflicting results regarding the impact of acid suppression therapy in the 

form of proton-pump inhibitors (PPIs) on oesophageal adenocarcinoma risk. A meta-

analysis by Singh et al of 5 cohort studies and 2 case-control demonstrated a 71% (OR 

0.29 95% CI 0.12-0.79) reduction in progression of Barrett’s oesophagus to 

oesophageal adenocarcinoma or high grade dysplasia in patients who took PPIs88. 

However, the more recent meta-analysis by Hu et al which included 9 observational 

studies did not report a protective effect of PPI therapy in patients with Barrett’s 

oesophagus (OR 0.43 95% CI 0.17-1.08)89. These results would suggest that PPI 

therapy does not play the role in chemoprevention as once thought.  
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1.6.7.4 Chemoprevention 

The ASPECT trial sought to ascertain if aspirin and PPI therapy in the form of 

esomeprazole were suitable chemopreventive treatments in patients with Barrett’s 

oesophagus. There were 2557 patients recruited to this trial of which 705 patients 

had low dose PPI but no aspirin, 704 had high dose PPI and no aspirin, 571 low dose 

PPI and aspirin and 577 high dose PPI and aspirin. After a median follow-up time of 

8.9 years there were 313 primary events which included death of any cause and 

progression to high grade dysplasia or oesophageal adenocarcinoma. The use of high 

dose PPI was superior to low dose treatment in reducing the number of primary 

events and when used in combination with aspirin the strongest effect was seen. 

There were only 28 serious adverse effects associated with this drug therapy and 

therefore this study concluded that PPI and aspirin therapy are potential 

chemopreventive agents in patients with Barrett’s oesophagus90.    

1.6.8 Physical activity 

Two meta-analyses have reported that physical activity is associated with a 21%-32% 

reduced risk of oesophageal adenocarcinoma91,92. However, these results are largely 

based on case-control studies which may be susceptible to recall bias. The WCRF 

presented the available evidence from three cohort studies which explored the 

impact of exercise on reducing the risk of developing oesophageal adenocarcinoma. 

Various methods were used to measure the extent of physical activity in these studies 

including occupational physical activity, recreational physical activity and amount of 

vigorous physical activity performed on a weekly basis. It was concluded that there is 

limited evidence that higher levels of physical activity decrease the risk of 

oesophageal cancer of either histological subtype.   

A more recent cohort study by Kunzmann et al was performed using the data from 

the UK biobank. From a cohort of 359,033 patients aged 40-69 there were 218 cases 

of oesophageal adenocarcinoma and moderate exercise was associated with a 38% 

reduced risk of oesophageal adenocarcinoma (HR 0.62 95% CI 0.43-0.89) compared 

to low physical activity. It should be noted however that but there was no dose 

responsive association in patients who had high physical activity (HR 0.79 95% CI 

0.56-1.11)93. 
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1.6.9 Genetic factors 

1.6.9.1 Familial/hereditary oesophageal adenocarcinoma 

Several studies in different population groups have demonstrated that approximately 

7% of all cases of Barrett’s oesophagus and oesophageal adenocarcinoma occur 

within families94,95. Given these findings, Fecteau et al investigated the role of 

germline DNA mutations on familial Barrett’s oesophagus and oesophageal 

adenocarcinoma. In a multigenerational family with 14 affected member (3 

diagnosed with oesophageal adenocarcinoma and 11 diagnosed with Barrett’s 

oesophagus) a variant in the VSIG10L gene was associated with susceptibility to 

developing both Barrett’s oesophagus and oesophageal adenocarcinoma96. This 

discovery presents a potential method of identifying patients with a high 

susceptibility of developing these two conditions and who would potentially benefit 

from early screening.     

1.6.9.2 Candidate gene studies 

In an attempt to understand the role of genetic mutations on the development of 

oesophageal adenocarcinoma and Barrett’s oesophagus multiple candidate gene 

studies have been performed. A systematic review by Findlay et al identified 32 

studies with 187 candidate genes which were investigated as germline markers of 

susceptibility for developing Barrett’s oesophagus97. However, many genes were 

assessed by only one study and this combined with methodological failings within 

studies meant a meta-analysis was of limited benefit. Of the five meta-analysis 

performed only a variation in the glutathione S-transferase pi 1 (GSTP1) gene was 

associated with the development of Barrett’s oesophagus. This systematic review did 

not identify any germline mutations associated with progression from Barrett’s 

oesophagus to oesophageal adenocarcinoma. However, 5 somatic markers of 

progression were identified, and a meta-analysis was possible for chromosomal 

instability (CIN) which was shown to be associated with progression to oesophageal 

adenocarcinoma (OR 5.98 95% CI 2.10-17.1)97.  

1.6.9.3 Genome-wide association 

Genome-wide association studies have sought to identify genetic polymorphisms 

which predispose patients to both Barrett’s oesophagus and oesophageal 
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adenocarcinoma98,99. The most up to date meta-analysis of genome-wide association 

studies in oesophageal adenocarcinoma and Barrett’s oesophagus was performed by 

Gharahkhani et al in 201699. This study included 6167 people with Barrett’s 

oesophagus and 4112 with oesophageal adenocarcinoma.  This study confirmed the 

findings from the previous studies which identified four loci within or near MHC, 

FOX1, GDFJ, and TBX5 associated with the development of Barrett’s oesophagus and 

4 loci within or near CRTC1, BARX1, FOXP1, and ALDH1A2 associated with the 

development of Barrett’s oesophagus and oesophageal adenocarcinoma. This study 

also identified a further eight new risk loci within or near CFTR, MSRA, LINC00208 and 

BLK, KHDRBS2, TPPP and CEPJ2, TMOD1, SATB2, and HTR3C and ABCC5. The locus 

identified near HTR3C and ABCC5 was of particular interest as it was associated with 

development of oesophageal adenocarcinoma independently of Barrett’s 

oesophagus and therefore may be a potential biomarker for identification of patients 

with Barrett’s oesophagus with a high risk of progressing to invasive malignancy99.  

1.6.9.4 Genetic factors associated with Barrett’s oesophagus, oesophageal 

adenocarcinoma and clinical utility 

As described within sections 1.6.9.2 and 1.6.9.3 multiple genetic studies have been 

performed in an attempt to understand genetic variants that are associated with the 

development of Barrett’s oesophagus and oesophageal adenocarcinoma. The clinical 

utility of these is limited given the low risk of developing oesophageal 

adenocarcinoma when these genetic mutations and polymorphisms are identified. 

However, the potential link between these and environmental risk factors should be 

investigated as we continue to try and understand the evolving worldwide incidences 

of oesophageal adenocarcinoma. This introduces the concept of molecular 

epidemiology pathology which is explained in more depth in section 3.1.1.  
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1.7 Risk factors for oesophageal squamous cell carcinoma 
Although the majority of this thesis focuses on oesophageal adenocarcinoma there is 

some discussion around oesophageal squamous cell carcinoma and therefore the 

evidence regarding the two main risk factors; cigarette smoking and alcohol 

consumption is summarised below. Other recognised risk factors for oesophageal 

squamous cell carcinoma include, achalasia, caustic injury, nutritional deficiencies, 

history of thoracic radiation and poor oral hygiene are not discussed in detail2. 

1.7.1 Smoking 

Multiple studies have shown smoking to be directly associated with oesophageal 

squamous cell carcinoma. Furthermore, this has been shown to be a dose-response 

association. Castro et al performed a systematic review of published meta-analyses 

examining the impact of cigarette smoking on oesophageal squamous cell carcinoma 

risk100. This group identified 6 meta-analyses and found that current smokers were at 

an increased risk compared to never smokers and also when compared to former 

smokers (RR 3.13 95% CI 2.53-3.86 vs RR 1.68 95% CI 1.44-1.96). The dose responsive 

association was seen when the number of cigarettes per day, number of pack years 

and number of smoking years was compared to none smokers100.  

1.7.2 Alcohol consumption 

Unlike oesophageal adenocarcinoma, alcohol consumption has been shown to 

increase the risk of oesophageal squamous cell carcinoma in both individual and 

pooled studies101,102,103. The pooled analysis of 5 case-control studies and 2 cohort 

studies performed by the BEACON consortium found a strong dose-response 

association between alcohol and oesophageal squamous cell carcinoma risk. In those 

drinking 3-5 drinks per day, the OR was 4.56 (95%CI 2.32-8.93), which increased to 

OR 7.17 (95% CI 2.98-17.25), and OR 9.62 (95% CI 4.26-21.71) for individuals drinking 

5-7 and more than 7 drinks per day, respectively102. A large meta-analysis with 40 

case-control studies and 12 cohort studies also found that both moderate (RR 2.34 

95% CI 1.90-2.88) and high alcohol consumption (RR 5.73 95% CI 4.41-7.44) were both 

associated with a higher risk of oesophageal squamous cell carcinoma103. 
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1.8 Lifestyle and modifiable factors associated with 
oesophageal cancer survival 

As demonstrated within this thesis introduction, the development of oesophageal 

cancer is multi-factorial, with many lifestyle factors such as cigarette smoking and 

alcohol consumption identified.  Although the impact of these lifestyle factors on 

cancer aetiology is understood, research is lacking regarding their impact on a 

patient’s survival following their diagnosis. This question is important to answer as 

they represent modifiable factors, which patients could potentially be motivated to 

change if evidence proved that their prognosis could be improved. This forms the 

basis of the first three studies of this thesis. 

1. A systematic review of the association between alcohol, smoking and 

oesophageal cancer risk. This enables us to identify the current available 

evidence and highlights any gaps in the current knowledge that exist.  

 

2. Alcohol, smoking, related biomarkers and oesophageal adenocarcinoma 

survival: a molecular pathology epidemiology cohort study in Northern 

Ireland. This adds to the current evidence pool and enables hypothesis 

generation regarding what biological groupings of tumours may benefit most 

from lifestyle modification. 

 

3. Alcohol, smoking, and oesophageal adenocarcinoma survival: a UK cohort 

study within the OCCAMS consortium. This chapter also add to the current 

evidence pool regarding the association between alcohol consumption and 

cigarette smoking and survival in oesophageal adenocarcinoma.  

Vitamin D is derived from sunlight and dietary intake and therefore is considered 

when studying the association between lifestyle factors and oesophageal 

adenocarcinoma survival. The impact of vitamin D on cancer development was first 

hypothesised approximately 80 years ago, when Peller and Stephenson followed 

closely by Apperly, noted an association between latitude and cancer incidence104,105. 

Multiple ecological studies reinforced this hypothesis and subsequent observational 
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studies have shown normal or high vitamin D levels to have an inverse relationship 

with colorectal, breast and prostate cancer development 106,107,108. These findings 

were not replicated in oesophageal cancer, with results from observational studies 

showing mixed results, with some even suggesting that  increased levels of vitamin D 

actually increase a patient’s risk of developing cancer109.  

Vitamin D exerts its affects by combining with vitamin D receptors (VDR) and studies 

have shown that high VDR expression is associated with improved survival in 

colorectal, breast, pancreatic cancer and cutaneous melanoma110,111,112,113. However, 

to date there has only been one study performed looking at the impact of VDR 

expression and oesophageal adenocarcinoma, and this showed no association 

between VDR expression and survival114. Due to the lack of available research in this 

field we performed a study looking at the impact of VDR expression and survival in 

oesophageal adenocarcinoma. This forms the basis of our fourth study. 

4. Vitamin D receptor expression and oesophageal adenocarcinoma survival: a 

molecular pathology epidemiology cohort study in Northern Ireland 
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2 Do smoking and alcohol behaviours 
influence oesophageal adenocarcinoma 
survival? A systematic review and meta-
analysis 
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2.1 Introduction 
Much research has been performed on the role of lifestyle factors on cancer 

development and some of these have been summarised in the WCRF ten guidelines 

for cancer prevention, as presented in Figure 2.1115. However, the role of these 

lifestyle factors on cancer survival has received less attention and therefore guidance 

on lifestyle choices following a cancer diagnosis is to follow these cancer prevention 

guidelines, if possible115.  Given the lack of evidence and uncertainty regarding the 

benefit of promoting specific lifestyle changes in cancer patients, a comprehensive 

evaluation of the role of lifestyle factors amongst the increasing number of cancer 

survivors is needed. This is essential as newly diagnosed cancer patients could be 

motivated following their diagnosis to alter their lifestyle, if there is sufficient 

evidence to demonstrate that changes in habits such as cigarette smoking and 

alcohol consumption will impact upon survival116. 

In oesophageal cancer, the role of alcohol consumption and cigarette smoking on 

cancer development has been investigated extensively, but similar to other cancers, 

the role of these lifestyle factors on prognosis following cancer diagnosis has not 

received the same attention117,118,119.  



62 

 

Figure 2.1  WCRF ten points on cancer prevention and improving cancer 
outcomes115.  

The aim of this chapter is to assess the impact of tobacco smoking and alcohol intake 

on oesophageal adenocarcinoma survival, by performing a systematic review and 

meta-analysis of the current literature. Prior to presenting the methodology and 

results from this systematic review, the mechanisms whereby cigarette smoking and 

alcohol consumption are hypothesised to impact on cancer development, and the 

current evidence regarding their association with oesophageal cancer development 

are discussed. 

2.1.1 Cigarette smoking and its role in carcinogenesis 

More than 60 carcinogens from different chemical classes are inhaled during 

cigarette smoking, including polycyclic aromatic hydrocarbons, aromatic amines, 

aldehydes and metals120. Inhaled carcinogens are activated by catalysts such as 

cytochrome P-450 enzymes which enable them to bind with DNA and form DNA 

adducts. DNA adducts cause genetic miscoding, leading to mutations in oncogenes 

such as KRAS and tumour suppressor genes such as TP53120. These mutations prevent 
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the normal control of cell growth which can result in cellular proliferation and the 

development of cancer. There is a simultaneous protective mechanism within the 

body whereby these carcinogens can be detoxified by enzymes such as sulfatases 

glutathione-S-transferases and epoxide hydrolases. Smoking contributes to an 

imbalance between the activation and detoxification of carcinogens and thereby 

promotes cancer development120.  

Although the formation of DNA adducts is the main pathway of cancer development 

due to cigarette smoking, other pathways exist including enzymatic 

hypermethylation of tumour suppressor genes. This results in gene silencing which 

enables cellular proliferation to occur120. Furthermore, nicotine binds to nicotine 

receptors which activates protein kinase A and B leading to the loss of normal growth 

control mechanisms. The interlinking of these pathways is demonstrated in Figure 

2.2120. Evidence has shown cigarette smoking to be a causal factor in many 

malignancies including cancer of the lung, oral cavity, pancreas, bladder, kidney and 

haematological system121. There is also significant evidence showing smoking as a risk 

factor for oesophageal cancer in both squamous cell carcinoma and adenocarcinoma; 

for the purpose of this thesis the latter is discussed in greater detail below117,100. 

 

Figure 2.2  Flow chart demonstrating some of the mechanisms involved in cancer 
formation due to cigarette smoking120. 
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2.1.2 Cigarette smoking as a risk factor for oesophageal adenocarcinoma  

Multiple studies have identified cigarette smoking as a risk factor for oesophageal 

adenocarcinoma, but study sizes were often small and therefore the strength of this 

association could not be determined accurately. The BEACON consortium addressed 

this by performing a pooled analysis of twelve studies, of which ten were case-control 

studies and two were cohort studies117. This analysis included a total of 2,990 cases 

of oesophageal adenocarcinoma, of which 1,540 were located in the oesophagus and 

1,450 which were oesophago-gastric junctional tumours, and 9,453 controls.  

When comparing ever with never smokers, there was a significantly increased risk of 

oesophageal adenocarcinoma observed (OR 2.08 95% CI 1.83-2.37). A dose-response 

association was also apparent; in smokers of less than 15 pack-years the OR was 1.30 

(95% CI 1.07-1.58), for 15-29 pack-years OR 2.19 (95% CI 1.86-2.58), for 30-44 pack-

years OR 2.38 (95% CI 1.98-2.86) and for greater than or equal to 45 pack-years OR 

2.73 (95% CI 2.27-3.29). Cigarette smoking was also shown to be associated with 

increased risk in both males and females. If smokers stopped for 10 years or more 

there was a lower risk of oesophageal adenocarcinoma compared to those who had 

stopped for less than ten years (OR 0.71 95% CI 0.56-0.89 compared to OR 0.82 95% 

CI 0.6-1.13). However, there was still a higher risk of oesophageal adenocarcinoma in 

patients who had stopped smoking for ten years or more compared to never smokers 

(OR 1.72 95% CI 1.38-2.15)117. 

Another relevant study investigating the association between cigarette smoking and 

oesophageal adenocarcinoma risk was published in the same year as the BEACON 

study, and therefore wasn’t included in that pooled analysis. This cohort study 

involving 120,852 participants was performed in the Netherlands, and after a follow-

up of 16.3 years, 145 cases of oesophageal adenocarcinoma had occurred122. When 

comparing current with never smokers, there was an increased risk of oesophageal 

adenocarcinoma (RR 1.67 95% CI 1.01-2.77)122.  Overall, this evidence is compelling 

and demonstrates the strong association between cigarette smoking and the 

development of oesophageal adenocarcinoma.  
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2.1.3 Tobacco smoking and Barrett’s oesophagus 

It is well recognised that Barrett’s oesophagus is a precursor to oesophageal 

adenocarcinoma, and therefore it is important to consider the current best evidence 

investigating the association between smoking and the development of Barrett’s 

oesophagus, and also on the transformation from Barrett’s oesophagus into 

oesophageal adenocarcinoma. 

Similar to the BEACON study for cigarette smoking and oesophageal 

adenocarcinoma, Cook et al also investigated the association between cigarette 

smoking and Barrett’s oesophagus risk123. Data from five case-control studies were 

combined for analysis, which included 1,059 cases of Barrett’s oesophagus and 1,143 

controls. Results demonstrated that ever cigarette smoking was associated with 

increased odds of Barrett’s oesophagus (OR 1.67 95% CI 1.04-2.67) compared to 

never cigarette smokers123. However, there was no dose-responsive association 

between the number of pack-years of cigarette smoking and the risk of developing 

Barrett’s oesophagus observed in this study123. It should be noted that there was 

significant between-study heterogeneity (I2=82%) in this analysis, and results should 

therefore be interpreted with caution.  

There is also evidence to suggest that smoking impacts upon the development of 

adenocarcinoma in those patients with Barrett’s oesophagus. A Northern Ireland 

study which included 3,167 patients from the population-based Barrett’s oesophagus 

registry demonstrated that current smokers had a higher risk of progression to 

oesophageal adenocarcinoma than never smokers (HR 2.03 95% CI 1.29-3.17)124. 

Other studies have since supported these findings, including the Seattle Barrett’s 

Esophagus Study, in which an analysis of 397 patients demonstrated that Barrett’s 

patients who smoked were at a higher risk of developing oesophageal 

adenocarcinoma, but this only reached significance amongst smokers who had more 

smoked more than 35 pack-years (HR 2.29 95% CI 1.04-5.07)125. 

2.1.4 Alcohol and its role in carcinogenesis 

Approximately 3.6% of all cancers are associated with excessive alcohol consumption 

and research has shown that there is a causal link between breast cancer, liver 

cancer, colorectal cancer, oesophageal cancer and cancers of the oral cavity and 
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pharynx126. Although alcohol is an established risk factor for these cancers, the 

mechanisms by which this occurs is likely to differ between different organs127. 

The metabolic pathway that ethanol undergoes to produce acetaldehyde before 

being broken down into acetate is demonstrated in Figure 2.3. Ethanol itself is not a 

carcinogen, although its first metabolite acetaldehyde has been shown to be 

carcinogenic in animal studies and in-vitro studies of human cells127.  At extremely 

high concentrations of acetaldehyde the genotoxic effects seen include DNA strand 

breaks, chromosomal aberrations and sister chromatid exchanges127. However, 

humans are very unlikely to reach these acetaldehyde levels even at high levels of 

alcohol consumption and it is more likely that alcohol is involved in carcinogenesis by 

promoting the formation of DNA adducts, as has been previously been described in 

cigarette smoking in section 2.1.1. Furthermore, the oxygen containing molecules 

which are produced when ethanol is metabolised by P4502EI can also promote 

carcinogenesis by damaging protein and DNA127.  

The mechanisms by which alcohol consumption may increase oesophageal cancer 

risk are not completely understood, but it is known that the oesophagus has typically 

high alcohol dehydrogenase levels and chronic alcohol consumption can induce the 

enzyme cytochrome P4502EI in the oesophageal mucosa128. As described above, 

both of these enzymes are involved in the metabolism of alcohol, causing the 

subsequent formation of acetaldehyde within the oesophagus which contributes to 

the carcinogenic effects of alcohol.   

 

Figure 2.3  The process of alcohol metabolisation129 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjyovaX3YPgAhWy1-AKHbIXCYIQjRx6BAgBEAU&url=https://pubs.niaaa.nih.gov/publications/aa72/aa72.htm&psig=AOvVaw2sMEIsEGP_lUPJNZ5YQP5M&ust=1548326845786002


67 

2.1.5 Alcohol and oesophageal cancer risk 

The association between alcohol consumption and the development of both 

oesophageal squamous cell carcinoma and oesophageal adenocarcinoma has been 

investigated extensively. Alcohol consumption has been shown to be strongly 

associated with the development of oesophageal squamous cell carcinoma, as 

presented by the BEACON consortium which reported that if more than 7 drinks were 

consumed per day there was a significantly increased risk of developing oesophageal 

squamous cell carcinoma (OR 9.62 95% CI 4.26-21.71)81. The same group also 

performed a pooled analysis of 11 studies with 3,658 cases (1,821 were oesophageal 

adenocarcinoma and 1,837 were oesophago-gastric adenocarcinomas) and 10,854 

controls and demonstrated no significant association between alcohol consumption 

and oesophageal adenocarcinoma81. In this study, sub-group analysis of those 

patients with the highest alcohol consumption (7 or more drinks per day), also 

demonstrated no association between alcohol and adenocarcinoma either at the 

oesophagogastric junction (OR 0.77 95% CI 0.54-1.10) or in the oesophagus (OR 0.97 

95% CI 0.68-1.36)81. Indeed, when compared to non-drinkers, the consumption of 

alcohol was generally associated with a decreased risk of oesophageal 

adenocarcinoma but none of these results reached a level of significance. The 

Netherlands Cohort study published by Steevens et al also found no overall 

association between alcohol intake and oesophageal adenocarcinoma risk (RR 1.04 

95% CI 0.54-2.02)122.  

2.1.6 Alcohol intake and Barrett’s oesophagus 

Several studies have investigated a link between alcohol consumption and the 

development or progression of Barrett’s oesophagus. The most extensive research to 

date is by the BEACON consortium, which pooled results from five case-control 

studies and did not demonstrate any association between alcohol consumption and 

the development of Barrett’s oesophagus (OR 0.77 95% CI 0.60-1.00)130. A 

subsequent meta-analysis combined results from 14 studies and also showed no 

association between alcohol consumption and the risk of progression from Barrett’s 

oesophagus to oesophageal adenocarcinoma (RR 1.17 95% CI 0.93-1.48)131.  
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2.1.7 Study aims 

The main objective of this study was to conduct a systematic review and meta-

analysis investigating the association between alcohol consumption, cigarette 

smoking and survival in patients with oesophageal adenocarcinoma. This study was 

originally performed as part of a larger systematic review which investigated the 

association between these lifestyle factors and survival in patients with all 

gastrointestinal cancers, including oesophageal squamous cell carcinoma, pancreatic, 

gastric, hepatocellular and colorectal cancer119. The methods for the overall 

systematic review are therefore described, and for the focus of this thesis, the results 

and discussion sections have been limited to evidence for oesophageal 

adenocarcinoma.  
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2.2 Methods 
This study was reported in line with the PRISMA guidelines132. 

2.2.1 Study selection 

2.2.1.1 Databases 

A literature search was conducted using the EMBASE (Reed Elsevier PLC, Amsterdam, 

The Netherlands) and MEDLINE (US National Library of Medicine, National Institutes 

of Health, Bethesda, Maryland, USA) electronic databases from inception until 31st 

May 2017 for literature related to cigarette smoking, alcohol consumption and 

survival in patients with gastrointestinal cancers.  

2.2.1.2 Search Strategy 

The search strategy was developed by Stephen McCain, and two postdoctoral fellows 

working in the Centre for Public Health (Drs Andrew Kunzmann and Una 

McMenamin). Studies that contained at least one keyword or Medical Subject 

Heading (from the following were identified and examined for potential inclusion: 

(i) (liver or biliary or gallbladder or bile duct or hepatocellular or pancreatic or 

pancreas or colon or colonic or rectal or rectum or colorect* or oesophag* or 

esophag* or stomach or gastric or gastroesophag*) adj2 (cancer or cancers or 

tumor or tumors or tumour or tumours or neoplasm or neoplasms or carcinoma 

or carcinomas or adenocarcinoma or adenocarcinomas or squamous)).mp 

[mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word] 

AND 

(ii) (smoke or smoking or smokers or nicotine or tobacco or cigarette or ethanol or 

alcohol or alcoholic or alcohol consumption or drinking or drinkers or beer or wine 

or liquor).mp AND; 

(iii) (cohort or case-control or case-cohort or prospective or retrospective) AND; 

(iv) (patients or survivors or diagnosed or individuals or participants) 

(v) Limit above to humans 
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(vi) There were no restrictions to English language publications 

2.2.1.3 Inclusion criteria 

The search terms were applied and identified articles were screened by Stephen 

McCain, Andrew Kunzmann (post-doctoral fellow) and Una McMenamin (post-

doctoral fellow). Inclusion criteria were as follows. 

1. Participants: Males and females with no restriction in age 

2. Intervention: Assessment of tobacco smoking or alcohol consumption  

3. Comparators: Different levels of exposure to smoking or alcohol 

4. Outcomes: Survival time in patients diagnosed with oesophageal 

adenocarcinoma  

5. Study design: Observational studies 

Using these inclusion criteria, the reviewers initially screened the titles and abstracts 

to exclude those articles which were not relevant. The full text of the remaining 

articles were screened independently by the reviewers and any disagreements on 

inclusion were resolved through discussion between reviewers.  

We limited the review to studies reporting survival amongst cohorts of 

gastrointestinal cancer patients, as cancer mortality outcomes amongst non-cancer 

cohorts may be affected by the association between lifestyle factors with both cancer 

development and severity of cancer at diagnosis. Some studies have reported on 

overall survival, which accounts for deaths from any cause and may represent a more 

comprehensive impact of smoking and alcohol on cancer patients. Some studies 

presented results for cancer-specific survival, which only accounts for deaths 

attributed to cancer but may be more useful for understanding the biological 

mechanism through which smoking and alcohol influence cancer progression.  

2.2.2 Data extraction  

The data from the included studies was extracted independently by the three 

reviewers. Data extracted included the country in which the study was performed, 

the population studied, cancer type, cancer stage, cohort size, risk factor studied, 

method of measuring exposure, exposure measurement period, median follow-up, 
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outcome studied, confounders included in the statistical analysis and the results from 

the study.  

2.2.3 Statistical analysis 

The association between cigarette smoking or alcohol intake on oesophageal 

adenocarcinoma survival was summarised by comparing the risk of death across 

categories of exposure to cigarette smoking and alcohol. Where possible, smoking 

status was classified as never smoker, ever smoker, current smoker and former 

smoker and within current smokers there were light, moderate and heavy smokers. 

Adjusted hazard ratios (HR) and 95% confidence intervals (CI) were extracted from 

each study.    

Random effects models were used to calculate pooled HRs due to the presumed 

study heterogeneity between observational studies. A maximum of two studies were 

able to be combined in both the cigarette smoking and alcohol consumption analysis. 

Statistical analysis was performed using Stata version 14.2 (College Station, TX, USA). 

2.2.4 Assessment of heterogeneity 

The between-study heterogeneity was calculated using the chi-squared test to 

produce an I2 value. The I2 statistic describes the percentage of variation between the 

studies that is due to between study heterogeneity rather than chance133. Broadly, 

an I2 value of 0% indicates no heterogeneity, 25% is classified as low heterogeneity, 

50% as moderate heterogeneity and 75% as high heterogeneity.  

2.2.5 Assessment of publication bias 

The inclusion of a maximum of two studies in meta-analyses makes the assessment 

of publication bias difficult and in this study publication bias was not formally 

assessed. 

2.2.6 Sensitivity analysis 

In this study we did not perform sensitivity analysis, as there was a maximum of two 

studies included in the meta-analysis calculation and removing one simply produces 

the results from individual studies. 
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2.3 Results 
Following a search of the EMBASE and MEDLINE databases, 5,376 study articles were 

identified.  Following the screening of the titles and abstracts of these studies, 313 

potentially relevant articles were identified, and the full-texts of these articles were 

screened to assess eligibility i.e. if they reported results for the association(s) 

between cigarette smoking or alcohol behaviours and subsequent survival in the 

cancer types discussed above. A total of 86 relevant studies were identified across all 

the cancer types studied and the break-down of the number of studies for each 

cancer is presented in Figure 2.4. There were 23 published studies which investigated 

for an association between smoking and alcohol and oesophageal cancer survival. 

Two of these papers produced results for oesophageal adenocarcinoma and 

oesophageal squamous cell carcinoma separately and therefore at times are 

presented as separate studies meaning there may appear to be a discrepancy 

between study number. Furthermore, some studies produced separate results for 

smoking and alcohol status which may also appear to cause discrepancies between 

study numbers.  

There were 22 studies which investigated the association between cigarette smoking 

and survival in patients with oesophageal cancer. Of these, 4 reported on 

oesophageal adenocarcinoma outcomes, 12 reported on squamous cell carcinoma 

outcomes, and 6reported on survival for both histological subtypes of oesophageal 

cancer collectively.  

There were 17 studies which investigated the association between alcohol 

consumption and survival in patients with oesophageal cancer. Three studies 

reported survival in oesophageal adenocarcinoma, 9 reported on survival in 

oesophageal squamous cell carcinoma, and 5 reported outcomes for both histological 

subtypes together. 

Although the focus of this thesis is on oesophageal adenocarcinoma, the results for 

oesophageal squamous cell carcinoma are also presented.  
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Figure 2.4  Study selection flow chart from initial search to final studies included 

Legend: There is an overlap in the gastric cancer and oesophageal cancer studies as 

some studies include both cancers and this accounts for the imbalance in total 

number of articles identified and number of studies within each cancer section.  

2.3.1 Cigarette smoking and survival in oesophageal adenocarcinoma 

The characteristics of the four studies investigating the association between cigarette 

smoking and oesophageal adenocarcinoma survival are displayed in Table 

2.1134,135,136,137. There were three case-control studies and one retrospective cohort 

study. All studies included oesophageal adenocarcinoma from stages one to four and 

assessed the patient’s smoking status prior to their oesophageal cancer diagnosis 

through a patient questionnaire. As described in section 2.2.3 there were different 

Potentially relevant papers identified 
following search of EMBASE and 

MEDLINE (n=5376) 

Number of records following review of 
titles and abstracts (n=313) 

Number of articles remaining following 
review of full text articles (n=86) 

Number of 
colorectal 

cancer studies 
(n=38) 

Number of 
gastric cancer 

studies 
(n=11) 

Number of 
pancreatic 

cancer studies 
(n=9) 

Number of 
oesophageal 

cancer 
studies (n=23) 

Number of 
hepatocellular 
cancer studies 

(n=9) 
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methods of categorising smoking exposure between the studies which resulted in a 

maximum of only two studies being combined in this meta-analysis.  

The one study which investigated the association between survival in ever compared 

to never smokers demonstrated no difference in survival between these two 

exposure groups137. There were two studies combined in the two analyses which 

compared survival in current versus never smokers and former versus never 

smokers135,136. Neither of these demonstrated any difference in survival across the 

smoking categories. Only one study compared survival outcomes between light, 

moderate and heavy smokers and no significant difference in survival was seen 

between these exposure groups134. In the performed meta-analyses there was no 

significant between study heterogeneity with a value of I2=0% in both sets of 

analyses. The results for the individual studies and meta-analyses are demonstrated 

in Figure 2.5. 

The methodology in the study by Spreafico et al differed from the others and 

therefore is not presented within Figure 2.5134. This group reported no association 

between survival and cigarette smoking for every one unit increase in pack-years 

smoked prior to oesophageal adenocarcinoma diagnosis (adjusted HR 1.01, 95% CI 

1.00–1.01). 
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Table 2.1 Studies which investigated the impact of cigarette smoking and alcohol consumption on survival in oesophageal adenocarcinoma 

Author 
(year) 

Country Study type Pop-
based 

Sex  Cancer 
stage 

Cohort 
size 
(no. of 
cases) 

Risk 
factor 

Outcome 
studied 

Exposure 
measurement 
method 

Exposure 
measurement 
period 

Median 
follow-
up 
(years) 

Confounders  

Age Sex Stage SES 

Spreafico 
(2017) 

USA/Canada  Retrospective 
cohort study 

No Both All 564 
(NS) 

Smoking All-cause 
mortality 

Questionnaire Pre-diagnosis Max 3 No No yes No 

Sundelof 
(2008) 

Sweden Case-control 
study 

Yes Both All 117 
(NS) 

Smoking 
Alcohol  

Not 
stated 

Questionnaire Pre-diagnosis Max 9 Yes Yes No No 

Thrift 
(2012) 

Australia Case-control 
study 

Yes Both All 362 
(275) 

Smoking 
Alcohol 

All-cause 
mortality  

Questionnaire Pre-diagnosis 6.4 Yes Yes Yes No 

Trivers 
(2005) 

USA Case-control 
study 

Yes Both All 293 
(NS) 

Smoking 
Alcohol  

Not 
stated 

Questionnaire Pre-diagnosis Not 
stated 

No  No No No  

Abbreviations; NS= Not specified 
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Figure 2.5  Meta-analysis of association between smoking and all-cause mortality in 
patients with oesophageal adenocarcinoma 

  

NOTE: Weights are from random effects analysis
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2.3.2 Cigarette smoking and survival in oesophageal cancer 

There were 20 studies which investigated the association between cigarette smoking 

and oesophageal cancer survival 134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150, 

151. Four of these studies have been discussed in section 2.3.1 in relation to smoking 

and oesophageal adenocarcinoma survival but two of these studies also present 

separate data relating to smoking and survival in oesophageal squamous cell 

carcinoma134,135,136,137. Of the remaining 15 studies which investigated for an 

association between smoking and oesophageal cancer, 6 included both histological 

subtypes and 9 included oesophageal squamous cell carcinoma only. The study 

characteristics are summarised in Table 2.2. Study designs included case-control 

studies and retrospective and prospective cohort studies. Smoking status was largely 

determined from pre-diagnostic medical records but some recorded smoking status 

at the time of cancer diagnosis. The majority of studies used data for overall mortality 

to investigate an association between smoking and oesophageal cancer survival, 

whereas others used cancer-specific mortality  

Studies which investigated oesophageal squamous cell carcinoma only, oesophageal 

adenocarcinoma only and both types of oesophageal cancer together (both 

histological subgroups together) were combined in a meta-analysis as shown in 

Figure 2.6.  The same categories as those described in section 2.3.1 were investigated 

with outcomes compared between ever, current and former smokers versus never 

smokers and also between light, moderate and heavy smokers.  

Within the ever versus never smoking category there were 12 studies combined. 

There was no associated increased risk of mortality in the ever-smoking group 

compared to the never smoking group (HR 1.07 95% CI 0.94-1.21 I2=30%). There were 

no significant results within the current versus never category, former versus never 

category or light versus never category. In the moderate versus light category, 2 out 

of the 5 studies demonstrated an increased risk of mortality in the moderate smoking 

group but when all results were combined there was no significant difference in 

mortality between the two exposure groups (HR 1.29 95% CI 0.87-1.90 I2=67%). 
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In the heavy versus never smoking analysis there was a trend of an increased risk of 

mortality in the former group although this did not reach a level of statistical 

significance (HR 1.27 95% CI 0.98-1.66). 
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Table 2.2 Characteristics of the studies which investigated the impact of cigarette smoking and alcohol consumption on survival in either of the 
two main histological subtypes of oesophageal cancer 

Author 
(year) 

Country Study type Pop-
based 

Sex  Canc
er 
type 

Cancer 
stage 

Cohort 
size 
(no. of 
cases) 

Risk 
factor 

Outcome 
studied 

Exposur
e 
measur
ement 
method 

Exposure 
measure
ment 
period 

Median 
follow-
up 
(years) 

Confounders  

Age Sex Sta
ge 

SES 

Aghcheli 
(2011) 

Iran Prospective 
cohort study 

Yes  Both OSCC All  426 
(73) 

Smoking Not 
specified 

Questio
nnaire 

Pre-
diagnosis 

0.6 Yes Yes yes  

Guo 
(2014) 

China Retrospective 
cohort study 

No Both OSSC I-III 85 (27) Smoking Not 
stated 

Medical 
records 

At 
diagnosis 

2  Yes Yes   

Huang 
(2014) 

China Prospective 
cohort study 

No Both OC I-III 2,151 
(1,261) 

Alcohol  All-cause 
mortality 

Medical 
records 

At 
diagnosis 

5 Yes Yes Yes  

Hurmuzlu 
(2010) 

Norway Retrospective 
cohort study 

No Both OC IIA-III 107 
(89) 

Alcohol Not 
stated 

Medical 
records 

At 
diagnosis 

1 Yes    

Ji (2016) China Retrospective 
cohort study 

No Both  OSSC I-III 1082 
(NS) 

Alcohol  All-cause 
mortality 

Medical 
records 

At 
diagnosis 

7.5 Yes Yes Yes  

Jing 
(2012) 

China Prospective 
cohort 

No  Both OSSC All 167 
(92) 

Smoking 
Alcohol 

Disease 
specific 
mortality 

Questio
nnaire 

Pre-
diagnosis 

3.3     

Lin (2009) Taiwan Retrospective 
cohort study 

No  Both OSSC All 109 
(NS) 

Smoking Not 
stated 

Medical 
records 

At 
diagnosis 

NS   Yes   

Okado 
(2017) 

Japan Prospective 
cohort 

Yes Both OSSC All 365 
(213) 

Smoking 
alcohol  

Not 
stated 

Medical 
records/
intervie
ws  

Pre-
diagnosis 

4.4 Yes Yes  Yes  

Park 
(2006) 

Korea Prospective 
cohort study 

Yes Men  OC All 272 
(200) 

Smoking 
Alcohol  

All-cause 
mortality 

Questio
nnaire  

Pre 
diagnosis 

2 Yes     



80 

Author 
(year) 

Country Study type Pop-
based 

Sex  Canc
er 
type 

Cancer 
stage 

Cohort 
size 
(no. of 
cases) 

Risk 
factor 

Outcome 
studied 

Exposur
e 
measur
ement 
method 

Exposure 
measure
ment 
period 

Median 
follow-
up 
(years) 

Confounders  

Age Sex Sta
ge 

SES 

 

Raymond 
(2016) 

USA Prospective 
cohort study 

No Both OC All 3942 
(135) 

Smoking All-cause 
mortality 

Medical 
records 

At 
diagnosis 

NS Yes  Yes Yes  

Samadi 
(2006) 

Iran Prospective 
cohort study 

No  Both OC All 141 
(NS) 

Smoking 
Alcohol 

All-cause 
mortality 

Questio
nnaire 

Pre-
diagnosis 

Max 4 
years 

Yes Yes Yes Yes  

Shitara 
(2010) 

Japan Retrospective 
cohort study 

No Both OSSC All 364 
(174) 

Smoking 
Alcohol  

All-cause 
mortality 

Questio
nnaire 

Pre-
diagnosis 

5.6 Yes Yes Yes  

Tan 
(2015) 

China Retrospective 
cohort study 

No Both OC All 592 
(467) 

Smoking Not 
stated 

Medical 
records 

At 
diagnosis 

1.9  Yes  Yes   

Sundelof 
(2008) 

Sweden Case-control 
study 

Yes Both OSSC All 159 
(NS) 

Smoking 
Alcohol  

Not 
stated 

Questio
nnaire 

Pre-
diagnosis 

Max 9 
years 

Yes  Yes   

Thrift 
(2012)a 

Australia Case control 
study 

Yes Both OSSC All 301 
(213) 

Smoking 
Alcohol 

All-cause 
mortality 

Questio
nnaire 

Pre-
diagnosis 

6.4 Yes  Yes Yes  

Trivers 
(2005) 

USA Case-control 
study 

Yes Both OSSC All 221 
(NS) 

Smoking 
Alcohol 

Not 
stated 

Questio
nnaire 

Pre-
diagnosis 

NS     

Wang 
(2015) 

China Retrospective 
cohort study 

No Both OC All 109 
(NS) 

Smoking All-cause 
mortality 

Medical 
records 

At 
diagnosis 

Max 5 
years 

  Yes  

Wu 
(2013) 

Taiwan Prospective 
cohort study 

No Both OSSC All 718 
(624) 

Smoking 
Alcohol  

All-cause 
mortality 

Medical 
records 

At 
diagnosis 

NS Yes Yes Yes  
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Author 
(year) 

Country Study type Pop-
based 

Sex  Canc
er 
type 

Cancer 
stage 

Cohort 
size 
(no. of 
cases) 

Risk 
factor 

Outcome 
studied 

Exposur
e 
measur
ement 
method 

Exposure 
measure
ment 
period 

Median 
follow-
up 
(years) 

Confounders  

Age Sex Sta
ge 

SES 

Zhang 
(2013)a 

China Retrospective 
cohort study 

No Both OC All 2031 
(NS) 

Smoking 
Alcohol  

All-cause 
mortality 

Medical 
records 

At 
diagnosis 

5.3 Yes Yes Yes  

Zhang 
(2013)b 

China Retrospective 
cohort study 

No Both OSSC All 79 
(NS) 

Smoking  All-cause 
mortality 

Medical 
records 

At 
diagnosis 

NS   Yes  

Zhang 
(2015) 

China  Retrospective 
cohort study 

No Both OSSC I-III 255 
(81) 

Smoking 
Alcohol  

All-cause 
mortality 

Medical 
records 

At 
diagnosis 

3.1     

Abbreviations; OSSC= oesophageal squamous cell carcinoma, OC= Oesophageal cancer, NS= Not specified 
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Figure 2.6  Meta-analysis of association between smoking and all-cause mortality in 
oesophageal cancer patients  

Figure legend: Tivers(a) is among OAC patients, Tivers(b) is among OSSC patients, 

Thrift(a) is among OSSC patients, Thrift(b) is among OAC patients, Sundelof(a) is 

among OSSC patients, Sundelof(b) is among OAC patients. 

NOTE: Weights are from random effects analysis
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2.3.3 Alcohol consumption and survival in oesophageal adenocarcinoma 

There were three studies identified which investigated the association between 

alcohol consumption and survival in oesophageal adenocarcinoma patients135,136,137.  

These studies also investigated the association between cigarette smoking and 

oesophageal adenocarcinoma survival and the study characteristics have been 

discussed in section 2.3.1 and presented in Table 2.1.  

The categories examined were ever versus never drinkers and light, moderate and 

heavy alcohol consumption versus light or never alcohol consumption.  Only one 

study investigated for an association between ever and never alcohol consumption 

and this demonstrated no significant difference in survival between the two exposure 

groups137. A maximum of two studies were combined in the meta-analyses 

comparing other exposure groups and there was no significant difference in survival 

in any of these categories. However, there was a trend of an increased risk of 

mortality in the moderate drinkers compared to light/never drinkers, but this did not 

reach a level of statistical significance (HR 1.34 95% CI 0.95-1.89 I2=0%). The complete 

results are presented within Figure 2.7.  
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Figure 2.7  Meta-analysis of association between alcohol intake and all-cause 
mortality in patients with oesophageal adenocarcinoma 

2.3.4 Alcohol consumption and survival in oesophageal cancer 

There were 15 studies which examined the impact of alcohol consumption on 

oesophageal cancer survival135,136,137,140,142,143,145,146,147,149,150,152,153,154,155. Nine of 

these studies included cases of oesophageal squamous cell carcinoma only, five 

included both histological subtypes together in their results, and one included cases 

of oesophageal adenocarcinoma only.  

A meta-analysis was performed which included both histological types of 

oesophageal cancer and survival assessed across a variety of alcohol exposure 

groups.  Categories included were ever, current and former versus never drinkers and 

light, moderate and heavy versus light/never drinkers. Only one study assessed the 

impact of current and former alcohol use and found a significant increase in mortality 

for current users (HR 3.01, 95% CI 1.64, 5.53) which was slightly attenuated in former 

users (HR 2.34, 95% CI 1.14, 4.82). 

NOTE: Weights are from random effects analysis
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Multiple studies were included in the other analyses. There was a 23% increased risk 

of mortality in ever alcohol drinkers compared to never drinkers when nine studies 

were combined (HR 1.23 95% CI 1.10-1.37 I2=33.7%) but there was no significant 

increased risk of mortality when light (HR 1.00 95% CI 0.78-1.28 I2=34.4%), moderate 

(HR 1.26 95% CI 0.92-1.73 I2=59.4%) or heavy (HR 1.23 95% CI 0.94-1.61 I2=62.2%) 

alcohol consumption was compared to light or never alcohol consumption. These 

results are presented in Figure 2.8.   
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Figure 2.8  Meta-analysis of association between alcohol intake and all-cause 
mortality in patients with oesophageal cancer 

Figure legend: Tivers(a) is among OAC patients, Tivers(b) is among OSSC patients, 

Thrift(a) is among OSSC patients, Thrift(b) is among OAC patients, Sundelof(a) is 

among OSSC patients, Sundelof(b) is among OAC patients. 
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100.00

100.00
100.00

12.14
6.70
16.64
15.04
18.34
31.14
100.00

10.14
17.61
17.48
21.61
33.16
100.00

11.19
7.96
10.46
8.75
16.92
11.26
13.41
20.05
100.00

Weight
%

  
1.1 .2 .3 .5 .7 1 1.5 2.5 4.5 6

Hazard ratio
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2.4 Discussion 
This is the first systematic review and meta-analysis to date which investigates the 

association between cigarette smoking and alcohol consumption on survival in 

patients with oesophageal adenocarcinoma. Only four studies were identified, and 

there was no association between alcohol consumption or cigarette smoking on 

survival in these patients. 

The results have demonstrated that in patients with oesophageal adenocarcinoma 

there was no significant association between cigarette smoking (regardless of 

exposure groups assessed) and survival. Similarly, there was no association between 

cigarette smoking and mortality when both histological subtypes of oesophageal 

cancer were considered together.  Given that biological and observational studies 

provide strong evidence that cigarette smoking is associated with the development 

of both Barrett’s oesophagus and oesophageal cancer, it is somewhat surprising that 

smoking did not influence survival in these patients. The retrospective study design, 

low numbers of study participants and the inclusion of patients with advanced 

disease may contribute to these findings. Similarly, there were a shortage of studies 

which investigated the association between alcohol consumption and oesophageal 

adenocarcinoma survival. These results also demonstrated no significant association 

between alcohol consumption and oesophageal adenocarcinoma survival, but this 

was less surprising given that large observational studies have demonstrated no 

association between alcohol consumption and Barrett’s oesophagus or oesophageal 

adenocarcinoma development. However, there was an increased risk of mortality in 

ever alcohol drinkers compared to never drinkers when both histological subtypes 

were included. These significant results were largely driven by the contribution from 

studies which investigated the association between alcohol consumption and risk of 

death in oesophageal squamous cell carcinoma patients. This was not unexpected 

given that alcohol is a recognised risk factor for the development of oesophageal 

squamous cell carcinoma.  

Despite alcohol not being a known risk factor for oesophageal adenocarcinoma, it is 

important to still consider it as a potential modifiable factor that could contribute to 

survival outcomes. For example, in breast and colorectal cancer in which alcohol is 
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an aetiological risk factor, studies have identified that light alcohol consumption is 

associated with improved cancer outcomes119,156.  

The current recommendations for lifestyle intervention in newly diagnosed cancer 

patients is largely based on the cancer prevention recommendations as presented by 

the WCRF115. This expert group recommends adherence to these guidelines which 

includes smoking cessation and limiting or abstaining from alcohol consumption after 

a cancer diagnosis. The purpose of this research was to identify if true differences in 

outcomes exist between categories of cigarette smoking and alcohol consumption.  

If significant differences were identified this enables those involved in cancer care to 

provide well informed lifestyle advice to newly diagnosed cancer patients. It could be 

argued that all patients should be advised to abstain from cigarette smoking or 

alcohol consumption at all times. However, making difficult lifestyle changes at times 

of stress and anxiety such as that experienced following a cancer diagnosis may prove 

difficult for patients, and therefore accurate evidence demonstrating improved 

outcomes following lifestyle changes would be extremely useful157. Although the 

results were not significant for either lifestyle factor investigated in relation to 

oesophageal adenocarcinoma prognosis, there are shortfalls in the studies included 

and therefore the meta-analysis results should be interpreted with caution and 

patients should not be advised based on these findings.   

Within the individual studies identified in this systematic review the method of 

assessing exposure to cigarette smoking and alcohol differed between studies and so 

prevented some studies being combined in meta-analysis134,136. This highlights the 

need for a general consensus on how and when smoking and alcohol exposure is best 

assessed. Accurate exposure duration and amount is important to gain a complete 

understanding of the impact these lifestyle factors on oesophageal adenocarcinoma 

survival. This is particularly relevant in terms of alcohol assessment for which it is 

important to distinguish between light-moderate, and heavier alcohol consumption 

as alcohol appears to have a J-shaped relationship with risk of death in the general 

population158.  

The studies were similar in other aspects for example in the inclusion of patients with 

any stage of oesophageal adenocarcinoma but in some cases there was a 
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preponderance for cases with advanced disease134. For example, in the study by 

Spreafico et al, 78% of the included patients had locally advanced or metastatic 

disease134. By including patients with advanced disease, it is less likely that a 

significant difference in survival may be detected as this cohort of patients often have 

a predicted survival time of months. Therefore, studies should at the very least 

perform sub-group analysis across cancer stages as patients with potentially 

treatable disease have a longer predicted survival time and therefore it is more likely 

that if there is a statistically significant difference in outcome across exposure groups 

this will be identified.  

This systematic review has several strengths including its comprehensive 

methodology which searched two databases to identify studies which investigate the 

impact of these lifestyle factors on survival in oesophageal adenocarcinoma. 

Furthermore, this is the first systematic review of its kind and by highlighting the lack 

of research which has been conducted in this area, sets the tone for further studies. 

Although the methodology of this systematic review is sound, there are other 

limitations including a lack of relevant studies and methodological shortcomings of 

the included studies. To our knowledge, no smoking cessation or alcohol reduction 

interventions have been conducted amongst oesophageal adenocarcinoma patients, 

with a view to assessing survival outcomes. Therefore, this systematic review relies 

on observational evidence, which could be subject to confounding, making a focus 

on adjusted results necessary where possible. Furthermore, the studies included are 

retrospective in design with alcohol and smoking status assessed prior to the 

patient’s cancer diagnosis.  This design introduces the risk of recall bias and this is 

especially true in the study by Sundelof et al who assessed alcohol exposure 20 years 

prior to diagnosis135.  
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2.5 Future research recommendations  
The lack of studies identified in this systematic review has highlighted the necessity 

for further research. All the studies identified used the patient’s pre-diagnosis 

smoking and alcohol status to compare survival across categories of smoking and 

alcohol exposure. This method is sub-optimal as it does not inform us if cessation of 

cigarette smoking and alcohol consumption at time of diagnosis will truly influence 

survival in these patients.  Therefore, studies comparing survival in patients who quit 

following diagnosis to continued smokers are needed to better inform patients if 

lifestyle modifications will improve their cancer prognosis.  

The next chapter in this thesis adds to the current evidence pool by studying the 

impact of smoking and alcohol status at time of diagnosis on oesophageal 

adenocarcinoma prognosis. This is a population-based study in which the association 

between alcohol and cigarette smoking status on survival is investigated in patients 

with the most favourable disease in that they all underwent neo-adjuvant treatment 

followed by attempted curative resection.  By studying this group with the predicted 

longest survival, the likelihood of identifying a difference in survival between 

exposure groups if it exists is most likely. 



91 

2.6 Conclusion 
In conclusion, this systematic review demonstrated no association between cigarette 

smoking and alcohol consumption on survival in oesophageal adenocarcinoma. 

However, due to the paucity of evidence in this systematic review the results must 

be interpreted with caution and further high-quality studies are needed to help 

answer these questions.  
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3 Alcohol, smoking, related biomarkers 
and oesophageal adenocarcinoma 
survival: a molecular pathology 
epidemiology cohort study in Northern 
Ireland 
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3.1 Introduction 
Cigarette smoking and alcohol consumption are two lifestyle factors associated with 

the development of multiple cancers159,160. Smoking promotes cancer development 

through various mechanisms including; the formation of DNA adducts, enzymatic 

hypermethylation of tumour suppressor genes and activation of protein kinases161. 

The BEACON study which combined twelve individual studies, is the largest and most 

extensive analysis to date that confirmed the role of smoking as a risk factor for the 

development of oesophageal adenocarcinoma117.  

The mechanisms whereby alcohol contributes to cancer development are less well 

understood but the formation of DNA adducts, as seen in cigarette smoking, does 

occur162. Excessive alcohol consumption is linked with approximately 3.6% of all 

cancers and although strongly associated with oesophageal squamous cell 

carcinoma, has not been linked with oesophageal adenocarcinoma163,118. 

Although the role of smoking and alcohol in oesophageal adenocarcinoma risk has 

been well researched, in the previous chapter we have demonstrated the lack of 

evidence that exists regarding the impact of these lifestyle factors on oesophageal 

adenocarcinoma survival. In this chapter we will present our results on the impact of 

these two lifestyle factors on survival in oesophageal adenocarcinoma in a 

population-based study. We also investigate the association between smoking and 

alcohol intake, and survival in oesophageal adenocarcinoma, according to the 

expression of biomarkers known to be prognostic or biologically relevant for this 

disease. This will aid understanding of the molecular pathways by which these 

lifestyle factors may influence oesophageal adenocarcinoma progression.  

3.1.1 Molecular pathological epidemiology 

The study of lifestyle factors such as smoking and alcohol consumption on the risk 

and outcomes of oesophageal adenocarcinoma are classical examples of traditional 

epidemiology. This research method became a core component of public health 

research in the late 20th century and successfully enabled an understanding of the 

causes and outcomes of multiple diseases to be developed164. However, this method 

has traditionally treated all cases within each specific disease classification as 
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homogenous in nature rather than the heterogenous state for which we now accept 

exists within each cancer type165, 166.  

Traditional pathology on the other hand has focused on tumour molecular 

characteristics to classify tumours better, identify markers of prognosis and predict 

response to treatment. However, in recent times the approaches taken in 

epidemiological and pathology research have converged with the introduction of 

molecular pathological epidemiology (MPE). The aim of this form of research is to 

investigate the link between exposure to risk factors on cancer development or 

prognosis by examining biomarkers which are known to play a role in 

carcinogenesis165. This concept, with colorectal cancer as the exemplar disease, is 

demonstrated in Figure 3.1167. 

In this study, a traditional epidemiological approach is taken for the investigation of 

smoking and alcohol on survival within patients with oesophageal adenocarcinoma. 

However, the MPE approach is applied in the hypothesis-generating secondary 

analysis whereby we investigate the impact of smoking and alcohol on survival in 

patients according to high and low expression of the various biomarkers assessed. 
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Figure 3.1  Illustration of traditional epidemiology (A), traditional molecular 
pathology (B), and molecular pathology epidemiology for colorectal cancer (CRC). 
Adapted from 167.  

3.1.2 Smoking, alcohol and oesophageal cancer survival: interaction with 
biomarkers 

The biomarkers investigated in this chapter are p53, HER2, GLUT-1 and CD8. The 

mechanisms by which they are involved in cancer development followed by the 

evidence for their role in oesophageal cancer outcomes is discussed within this 

introduction, followed by the available evidence describing the interaction between 

smoking and alcohol on these biomarkers. The evidence in this area is somewhat 

lacking, especially in oesophageal cancer therefore highlighting the novelty of this 

research.  

  



96 

3.1.3 Biomarkers under investigation  

3.1.3.1 TP53 

3.1.3.1.1 TP53 and its role in carcinogenesis 

TP53 is a tumour suppressor gene located on the seventeenth chromosome. It plays 

a key role in cell cycle regulation by repairing damaged DNA, arresting growth, and 

inducing apoptosis in the presence of DNA damage and other cellular stress signals. 

These functions are carried out due to the role of p53 as a transcriptional activator 

which is regulated by MDM2 as demonstrated in Figure 3.2168. Mutation of p53 

inhibits these defence mechanisms and also prevents the functioning of normal p53 

allowing abnormal cells to proliferate and lead to cancer development169.  

P53 and MDM2 function are dependent upon each other with p53 controlling 

expression of MDM2, which in turn is responsible for the degradation of p53 via the 

ubiquitin system. In normal cells p53 binds to MDM2 which maintains a normal low 

level of p53 whereas in the presence of mutated p53, MDM2 is not produced 

resulting in accumulation of more stable and resistant mutated p53 cells169. 

Immunohistochemical examination can accurately be used to assess p53 expression 

and although p53 overexpression is not always associated with p53 mutations this 

has been shown to be the case in about 85% of cases. This is because some mutations 

result in a stop being introduced into the gene sequence and so represent truncation 

mutations meaning a very shortened form of the protein is produced which cannot 

be detected by IHC antibodies.  
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Figure 3.2  Flow chart demonstrating the activation and transcriptional role of 
p53168 

3.1.3.1.2 Impact of P53 expression on survival in oesophageal adenocarcinoma 

P53 has been shown to be the most commonly mutated gene in oesophageal 

adenocarcinoma at a rate of 72% and multiple studies have been performed to assess 

the impact of p53 overexpression on survival170,171,172. The earliest systematic review 

performed in 2013 by Chen et al identified two studies which considered the impact 

of p53 expression on survival in oesophageal adenocarcinoma. Only 97 patients were 

included across the two studies, and they found that a higher p53 expression was 

associated with a worse survival (HR 2.10 95% CI 1.10-4.03)170.  

This study was followed up by McCormick et al who reviewed eleven full studies but 

found that only three, with a combined total of 268 patients, were suitable for 

inclusion in a meta-analysis171. They also found that higher p53 expression was 

associated with a worse survival (HR 1.56 95% CI 1.06-2.06)171.  However, it should 

be noted that five other studies that were identified but not suitable for inclusion in 

the meta-analysis did not reach statistical significance and therefore the use of p53 

as a prognostic marker in oesophageal adenocarcinoma was deemed inconclusive171. 

Another systematic review was performed by Wang et al who identified 36 studies 

that investigated the impact of p53 expression on survival in oesophageal cancer173. 
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From these, 23 looked at survival specifically in oesophageal squamous cell 

carcinoma (3454 patients) and 3 looked specifically at oesophageal adenocarcinoma 

(242 patients). In the adenocarcinoma studies, two of these studies were the same 

as those included by McCormick et al 174,175 but the study by Flejou et al was also 

included176. In both subtypes, higher p53 expression was associated with a worse 

survival (squamous cell carcinoma RR 1.32 95% CI 1.10-1.57 and adenocarcinoma 

1.61 95% CI 1.05-2.47)173. 

The individual studies and reviews that have been performed would suggest that p53 

expression may contribute to the prognostic evaluation of oesophageal 

adenocarcinoma. However, this does not explain what contributes to different 

degrees of expression/mutation within tumours. The impact of smoking and alcohol 

on p53 expression is discussed below.   

3.1.3.1.3 Smoking, P53 expression and survival in oesophageal adenocarcinoma 

No studies have been performed investigating the impact of smoking on oesophageal 

adenocarcinoma survival according to p53 expression. However, the impact of 

smoking on p53 expression in patients with oesophageal squamous cell carcinoma 

has received a significant amount of attention. A systematic review by Wu et al 

included 20 studies with patients who underwent surgical resection of their 

oesophageal squamous cell carcinoma177. It included a total of 1524 patients, of 

whom 73% were smokers and 27% were non-smokers. A variety of techniques were 

utilised to assess p53 expression in the included studies, including direct sequencing, 

polymerase chain reaction, p53 yeast functional assay and immunohistochemistry. 

The prevalence of P53 mutation ranged from 24-84% in those patients who smoked 

and from 8%-100% in those patients who were non-smokers. When the results were 

combined in the meta-analysis, the odds ratio of P53 mutation in cigarette smokers 

compared to non-smokers was 1.28 (95% CI 0.88-1.88). This masked a stronger 

association that was evident for heavy smokers (OR 2.01, 95% CI 1.12-3.60), but not 

observed in light smokers (OR 1.06, 95% CI 0.56-2.00), compared with non-smokers. 

It is difficult to interpret this meta-analysis given the variety of techniques used for 

measuring p53 expression. This is highlighted by the wide variety of results for the 

prevalence of p53 mutations compared to the known mutation rate of 72%. This 
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systematic review did not look at the subsequent impact of p53 expression on 

prognosis according to smoking status177. 

Similar studies have been performed for other cancer sites. For example, Ahrendt et 

al studied 105 patients with non-small cell lung cancer, and found that P53 mutations 

were present in 55 of the 95 patients who smoked (58%) but only 1 out of 10 (10%) 

of those who didn’t smoke178. The odds of having a P53 mutation in patients who 

smoked compared to those who didn’t was 12.4 (95% CI 1.5-102; p=0.02)178. There 

was no survival analysis performed in this study. Other studies have investigated the 

relationship between P53 and breast 179, renal 180 and colorectal 181 cancer and 

reported similar findings.  

3.1.3.1.4 Alcohol, P53 expression and survival in oesophageal adenocarcinoma 

Similar to smoking as an exposure, no studies have investigated the impact of alcohol 

consumption on oesophageal adenocarcinoma survival according to p53 expression. 

Ahrendt et al however also investigated alcohol in their study of lung cancer patients, 

and found that within alcohol drinkers there were P53 mutations in 74%, 35% and 

40% of patients who drank one drink or more per day, less than one drink per day 

and in those who didn’t drink alcohol, respectively178. The latter two groups were 

combined and compared to the frequent drinkers, in whom there were 4.6-fold 

increased odds of having a P53 mutation (OR 4.6 95% CI 1.9-11; p=0.001)178. These 

findings have implications for lung cancer prognosis, as it has been shown that P53 

mutations are associated with poorer survival in lung cancer182.  

3.1.3.2 Human epidermal growth factor 2 

3.1.3.2.1 Human epidermal growth factor 2 and its role in carcinogenesis 

The human epidermal growth factor 2 (HER2) protein is an oncogene which is 

encoded for by the HER2 gene, which is located on chromosome 17. It is a member 

of the epidermal growth factor receptor family and plays a recognised role in the 

pathogenesis of human cancers. Activation of the HER2 receptor activates the 

pathway shown in Figure 3.3183 which culminates in ERK 1/2 overexpression, 

contributing to tumour growth by promoting cell proliferation and inhibiting 

apoptosis184. 
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Figure 3.3  The sequence of events following activation of the HER2 receptor183 

3.1.3.2.2 Impact of HER 2 expression on survival in oesophageal adenocarcinoma 

The use of HER2 as a marker of prognosis was first identified in breast cancer in which 

approximately 20% of patients have HER2 positive disease185. HER2 positivity is 

associated with a shorter survival, however the introduction of targeted therapy 

towards HER2 receptors in the form of the monoclonal antibody, trastuzumab, has 

improved overall survival in this cohort of patients186.  

The success demonstrated in breast cancer led the way for similar research in other 

cancers, but an overall consensus on the role of HER2 as a prognostic indicator in any 

other cancer as that seen in breast is yet to be reached187. In gastric cancer, the role 

of trastuzumab has been investigated in the ToGA trial which was a comparative 

phase III trial performed across 122 centres in 24 different countries with 594 

patients who were randomised to either the experimental arm (298 patients) of 

chemotherapy plus trastuzumab or the control arm (296 patients) of chemotherapy 

only. The results of this trial demonstrated that there was an improved overall 

survival of 2.7 months with trastuzumab use in HER2 positive patients188.  

Given the similarities between gastric adenocarcinoma and oesophageal 

adenocarcinoma, multiple studies have subsequently been performed in the latter. 
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Chan et al performed a meta-analysis of 1464 patients with oesophageal cancer and 

found a higher HER2 expression was associated with an increased 5-year mortality 

when histological subtypes were combined (OR 1.43 95% CI 1.04-1.95) but there was 

significant heterogeneity between studies (I2 78%)187. In subgroup analysis, the 5- 

year mortality was worse in both squamous cell carcinoma (OR 2.88 95% CI 1.34-6.17) 

and adenocarcinoma (OR 1.91 95% CI 1.15-3.17) when there was higher HER2 

expression187. These findings of an increased mortality in patients with oesophageal 

adenocarcinoma with higher HER-2 expression is supported in the meta-analysis by 

Chen et al which included 3 studies with a total of 291 patients (HR 2.15 95% CI 1.39-

3.33)170. 

However, a meta-analysis by Matthews at al found that overexpression of HER2 was 

associated with improved survival171. This group identified three studies which 

analysed the association between HER2 expression and survival in oesophageal 

adenocarcinoma patients and used the worldwide recognised ToGa trial protocol to 

assess HER2 expression. Only two studies were suitable to be combined and the 

pooled estimate demonstrated that survival improved with increased HER2 

expression (HR 0.77 95% CI 0.61-0.94)171. However, the other study identified but not 

included in the meta-analysis demonstrated a worse overall survival in patients 

whose tumours demonstrated greater HER2 expression (HR 4.1 95% CI 1.4-11.8)171. 

Overall, the studies discussed above would suggest that higher HER2 expression in 

oesophageal adenocarcinoma is associated with poorer survival for those patients.  

3.1.3.2.3 Impact of HER 2 expression and smoking on survival in oesophageal 

adenocarcinoma 

There have been no studies identified which investigate the association between 

smoking and survival in oesophageal adenocarcinoma patients according to HER2 

expression. However, in-vivo and in-vitro studies have shown smoking activates 

pulmonary epithelial HER2189 but a retrospective study of 1094 breast cancer patients 

reported no significant difference of HER2 overexpression in smokers compared to 

non-smokers (OR 1.33 95% CI 0.94-1.87)190. This demonstrates relatively weak 

evidence to date linking smoking to HER2 expression, justifying the need for further 

study. 
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3.1.3.2.4 Alcohol, HER2 expression and survival in oesophageal adenocarcinoma 

No studies have looked at the impact of alcohol on survival in oesophageal 

adenocarcinoma patients according to HER2 expression. There have been some 

studies in breast cancer but these do not provide strong evidence that alcohol 

impacts on the expression of HER2 receptors. For example, a Spanish study found 

that there was a non-significantly increased odds ratio of HER2 positive disease in 

breast cancer patients who were heavy drinkers compared to alcohol abstainers (OR 

1.51 95% CI 0.68-3.36; p=0.73)191. Similarly, a study by Hirko et al found that those 

patients who consume moderate (HR 1.17 95% CI 0.66-2.05) or high levels (HR1.63 

95% CI 0.91-2.91) of alcohol were more likely to have HER2 positive disease than 

those patients who abstain from alcohol although these did not reach a level of 

significance192. 

3.1.3.3 GLUT1 

3.1.3.3.1 GLUT1 and its impact on cancer development 

Glucose transporter 1 (GLUT1) is encoded by the SLC2A1 gene and is the most 

extensively investigated glucose transporter out of the 14 that have been recognised. 

Healthy cells rely primarily on mitochondrial oxidative phosphorylation for energy 

production to maintain normal activities such as transcription, enzymatic activity and 

hormone secretion193,194. This pathway is significantly more efficient than glycolysis 

with increased ATP molecules produced per molecule of glucose as demonstrated in 

Figure 3.4195. However, in cancer cells there is often an altered metabolism with an 

upregulation of aerobic glycolysis, known as the Warburg effect195 This may be in part 

due to intra-tumoural hypoxia and to facilitate this process there is an upregulation 

of glucose transporters which enables increased glucose uptake by malignant cells. 

Intra-tumoural hypoxia has been shown to be associated with a higher risk of local 

invasion and metastatic spread, which is subsequently associated with a higher 

GLUT1 expression. Therefore, it is hypothesised that GLUT1 expression may be a 

biomarker for cancer prognosis. 
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Figure 3.4  Energy pathways of normal and cancer cells195. 

3.1.3.3.2 Impact of GLUT1 expression on survival in oesophageal adenocarcinoma 

Multiple studies have been performed investigating the role of GLUT1 as a prognostic 

indicator in cancer. Yu et al identified 27 studies including 19 different forms of 

cancer for inclusion in a meta-analysis196. No studies within this review looked at the 

prognostic role of GLUT1 in oesophageal adenocarcinoma, but one studied the 

association in patients with oesophageal squamous cell carcinoma. When combined 

in a meta-analysis there was shown to be a worse overall-survival (HR 1.78 95% CI 

1.57-2.01) and disease-free survival (HR 1.95 95% CI 1.23-3.10) in patients with high 

compared with low GLUT1 expression196. 

Since the publication of this meta-analysis there has been one study published which 

has looked at the impact of GLUT1 as a measure of prognosis in oesophageal 

adenocarcinoma197. This study was performed on the same Northern Ireland cohort 

of patients that are studied in this chapter. Using immunohistochemistry, the GLUT1 

expression was assessed in 141 patients who underwent neo-adjuvant treatment 

followed by surgical resection. Outcomes were compared in patients with tumours 

which expressed GLUT1 and those which were GLUT1 negative. In multivariate 
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analysis higher GLUT1 expression was associated with both a worsened overall 

survival (HR 2.06 95% CI 1.08-3.922; p=0.03) and relapse free survival (HR 2.35 95% 

CI 1.19; p=0.01). These results were validated on 262 separate patients with 

oesophageal adenocarcinoma and once again GLUT1 positive patients had a 

significantly worse prognosis (HR 1.85 95% CI 1.11-3.08) with a median overall 

survival of 18 months (95% CI 17-24) compared to a median overall survival of 39 

months (95% CI 33-53) in the GLUT1 negative patients197.  

3.1.3.3.3 Smoking, GLUT1 and survival in oesophageal adenocarcinoma 

No studies have reported on the impact of smoking on GLUT1 expression in any type 

of cancer. 

3.1.3.3.4 Alcohol, GLUT1 and survival in oesophageal adenocarcinoma 

No studies have reported on the impact of alcohol consumption on GLUT1 expression 

in any type of cancer. 

3.1.3.4 CD8 

3.1.3.4.1 CD8 and the impact on cancer development 

Several subsets of tumour infiltrating lymphocytes exist which play different roles in 

the immune response to tumour cells. These include CD3, CD4+ T cells, CD57, FoxP3 

and CD8+ T cells. For this thesis we are interested in the latter, which play an anti-

cancer role by directly killing tumour cells via releasing perforin or inducing 

apoptosis198.   

CD8+ T cells mount an immune response in the presence of tumour antigens and this 

interaction between tumour and immune system is known as ‘cancer 

immunoediting’ and describes the process whereby the immune system initially 

responds and then eventually succumbs to cancer cells resulting in tumour growth197. 

This process is described in three phases; Elimination which describes the ability of 

the immune system to destroy cancer cells in the early stages; Equilibrium, (which 

can last for years), describes how tumour cells can develop resistance to the immune 

system but the immune system responds vigorously to those non-resistant cells; 

Escape, when the immune system can no longer contain tumour cells due to immune 

evasion197.    
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3.1.3.4.2 CD8 expression and survival in oesophageal adenocarcinoma 

Multiple studies have investigated the role of tumour infiltrating lymphocyte 

expression as a marker of prognosis in various cancers. Gooden et al performed a 

meta-analysis of 23 such studies which evaluated the association between CD8 

expression and prognosis in cancer patients and results showed there to be an 

improved overall survival (HR 0.71 95% CI 0.62-0.82), disease-specific survival (HR 

0.63 95% CI 0.47-0.84) and relapse-free survival (HR 0.62 95% CI 0.44-0.87) in solid 

tumours with higher CD8 expression199. Although this study did not investigate the 

role of CD8 in individual cancers, other studies such as the systematic review 

performed by Zheng have. This study combined three studies with total of 323 

oesophageal adenocarcinoma patients and found a higher expression of CD8+ was 

associated with an improved overall survival (HR 0.63 95% CI 0.45-0.89; p=0.0008)200.  

3.1.3.4.3 Smoking, CD8 and survival in oesophageal adenocarcinoma  

No studies have investigated the interaction between smoking, tumour infiltrating 

lymphocytes and prognosis in oesophageal adenocarcinoma. Multiple studies have 

however been performed to study the immune response to smoking in smoking-

related lung diseases. For example, in animal and patient studies of chronic 

obstructive pulmonary disease (COPD), CD8 expression has been shown to rise with 

smoking which subsequently contributes to both the onset and progression of the 

disease201. There is a paucity of studies looking at the association between smoking 

and cancer mortality according to tumour CD8 expression. Kinoshita et al did study 

this association in lung cancer patients, by comparing the prognostic value of tumour 

infiltrating lymphocytes in smokers and non-smokers in 218 patients with non-small 

cell lung cancer202. They found that in smokers with lung adenocarcinoma, there was 

no difference in survival in patients with high CD8 compared to low CD8 expression 

(p=0.64) but did not compare survival with non-smokers202. There have been no such 

studies performed for oesophageal cancer. 

3.1.3.4.4 Alcohol, CD8 and survival in oesophageal adenocarcinoma 

An association between alcohol consumption and poorer survival in patients has 

been demonstrated for multiple cancers, including cancer of the oesophagus119, oral 

cavity and pharynx203, but the mechanisms by which this happens is not totally 
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understood. It was initially thought that alcohol consumption exerted 

immunosuppressive effects, but more recent research demonstrates that chronic 

alcohol consumption actually activates the immune system204. The immune system 

plays a key role in tumour development and CD8 has been shown to be a marker of 

prognosis in cancer, but no studies have specifically investigated the role of CD8 as a 

marker of prognosis in cancer patients who are alcohol drinkers versus non-drinkers.  
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3.2 Study aim 
The primary aim of this study is to investigate the association between smoking and 

alcohol intake and survival in patients with oesophageal adenocarcinoma. The 

second aim of the study considers the association between these lifestyle factors on 

survival in oesophageal adenocarcinoma patients according to tumour expression of 

p53, HER2, GLUT1 and CD8 biomarkers.  
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3.3 Methods 
This study was performed and reported in line with the REMARK guidelines205. 

3.3.1 Patient Selection 

In this population-representative study, all patients in Northern Ireland who 

underwent neoadjuvant chemotherapy followed by surgical resection for 

oesophageal adenocarcinoma between the 1st January 2004 and the 31st December 

2012 were included. There were 158 formalin-fixed paraffin embedded (FFPE) 

oesophageal adenocarcinoma resection specimens collected from the Northern 

Ireland Cancer Centre. Of these, there was matched clinical information available for 

137 patients, but seven other patients (for the reasons outlined in Figure 5) were 

excluded leaving 130 patients for inclusion in the primary analysis. These patients are 

the same cohort included in the VDR biomarker study in Chapter 5, enabling 

consistency of numbers across the different studies. In the second aim of this study 

which compared the outcomes according to smoking and alcohol status across 

different biomarkers there were different numbers in each biomarker study as not 

all cores taken from the TMA from each biomarker staining had tumour present. 

There were 130 cases included for p53, 130 for HER-2, 129 for GLUT1 and 100 for 

CD8. 
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Figure 3.5  Flow chart demonstrating reasons for patient exclusion from study 

3.3.2 Clinical data  

Clinical data and information on study outcomes up until 31st December 2014 was 

retrieved via patient note review at the Northern Ireland Cancer Centre.  Patient 

information included, age at diagnosis, date of diagnosis, date of surgery and patient 

sex. Smoking status was classified as never, current and former smokers for the 

descriptive statistics in Table 1 and survival statistics in Table 2 but was divided into 

never and ever smokers when performing stratified analysis for interaction between 

smoking and biomarker expression as shown in Table 3. Alcohol status was classified 

as never and ever drinkers in all statistical analysis performed. Those patients with 

an unknown smoking and alcohol status were also analysed separately to evaluate if 

they had differential associations between exposures and survival outcomes and to 

ensure significant results were not being excluded by chance.  

Pathology reports were reviewed for tumour characteristics including tumour 

location, presence of lymphovascular invasion, circumferential resection margin 

status, tumour differentiation and TNM stage. Tumour location was divided into 

lower third of oesophagus (greater than 5cm proximal to the oesophagogastric 

junction), Siewert 1 (within 1-5cm above the oesophagogastric junction), Siewert 2 

(within 1cm above and 2cm below the oesophagogastric junction) and Siewert 3 (2-

Patients with oesophageal adenocarcinoma 
undergoing surgery and chemotherapy, 

2004-2012 

Patients excluded due to: 
- Absence of tumour in all three 

core samples (n=4) 
- Insufficient clinicopathological 

data (n=21) 
- Complete response following 

neoadjuvant chemotherapy 
(n=2) 

- Metastasis present at time of 
surgery (n=1) 

 
Patients remaining for the main analysis 

(n= 130) 



110 

5cm below the oesophagogastric junction)206. Pathological staging was defined 

according to International Union Against Cancer (UICC) TNM staging, 8th edition207. 

Finally, the date and cause of death were recorded, where applicable.  

3.3.3 Construction of tissue microarrays  

A FFPE tissue block was selected from each resection specimen and three 1mm cores 

of tumour were embedded in a paraffin block using the Beecher Manual Arrayer®.  



111 

Table 3.1 Antibodies and techniques used for each method of immunohistochemical staining 

Antibody Clone Supplier 
Catalogue 
Number Species Platform  Retrieval 

Antibody Dilution 
and Incubation 

Detection 
Chemistry 

p53 DO-7 Dako M7001 Mouse Bond RX 

Epitope 
Retrieval 
Solution 1 
(ER1) 30MINS 1/100 15MINS 

Bond 
Polymer 
DAB Refine 
+ Enhancer 

GLUT1 NA 
Roche 
Ventana  760-4526 

Rabbit 
Polyclonal 

Ventana 
Benchmark 

Cell 
Conditioning 
Solution 1 
(CC1) 8min pre diluted 

Optiview 
DAB Kit 

CD8 C8/144B Dako M7103 Mouse Bond RX 

Epitope 
Retrieval 
Solution 2 
(ER2) 20mins 1/50 15mins 

Bond 
Polymer 
DAB Refine 
+ Enhancer 

HER4B5 4B5 
Roche 
Ventana 790-2991 Rabbit  

Ventana 
Benchmark 

Cell 
Conditioning 
Solution 1 
(CC1) 30min pre diluted 

Ultraview 
DAB IHC Kit 
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3.3.4 Immunohistochemistry staining and scoring 

Immunohistochemical analysis was performed within the NI-Molecular Pathology 

Laboratory (NI-MPL) at Queen’s University Belfast, following approval by the 

Northern Ireland Biobank (study number NIB15-0176). To enable biomarker 

expression to be evaluated slides were scanned on an Aperio AT2 scanner and viewed 

as digital images on Xplore (PathXL). The antibodies and techniques used for 

immunohistochemical staining are presented in Table 3.1 and the scoring methods 

are discussed below. 

3.3.5 Scoring methods for the biomarkers studied 

3.3.5.1 P53 

The staining intensity and percentage of tumour cells staining positive in each tissue 

section was assessed by two independent observers (SMcQ and JJ) and a final 

agreement on discordant results was made. Scoring was based on intensity (0 = no 

staining, 1 = weak, 2 = moderate and 3 = strong staining observed) and the 

percentage of tumour cells staining positive (0-100%). These two scores were 

multiplied to give an H-score between 0 and 300. Patients were then divided into 

tertiles of p53 expression with the cut offs for the tertiles being <80, 80-<240 and 

>240.  

3.3.5.2 GLUT1  

Staining was scored by three independent observers (RT, SMcQ and JJ) with 

agreement made on discordant results. If any tumour cells stained positive for GLUT1 

the tumour was considered to be GLUT1 positive and patients were subsequently 

divided into groups of GLUT1 positive and GLUT1 negative tumours.  

3.3.5.3 HER2 

Staining was scored by two observers (NR and SMcQ) and the scoring was in keeping 

with the accepted method in the UK and the US in which the accepted scoring for 

HER-2 is as follows; HER2 0-negative no staining or membrane staining is less than 

10% of cancer cells, 1+ negative faint/barely perceptive membrane staining in more 

than 10% of the cancer cells. 2+ equivocal weak to moderate complete membrane 

staining in more than 10% of cancer cells or <30% with strong complete membrane 
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staining- ISH should be undertaken to assess further. 3+ is considered positive and 

involves strong complete membrane staining in more than 30% of cancer cells208. 

Within this study these methods were followed and patients were divided into HER-

2 positive and HER-2 negative tumours.  

3.3.5.4 CD8  

Scoring for CD8 was performed by two independent observers (EP and EMcC) with a 

final agreement made on discordant results. A semiquantitative scoring system was 

employed for CD8 characterization. A score of 3 indicates strong CD8 expression, 2 

moderate expression, 1 low or weak expression, 0 absence. Patients were divided 

into groups of either CD8 positive (1,2,3) or CD8 negative tumours. 

3.3.6 Statistical analysis 

Patient demographics and tumour characteristics according to smoking and alcohol 

status were compared using chi-squared tests.  

Outcomes studied included the impact of smoking and alcohol on overall survival 

(death from any cause) and cancer-specific survival (death from oesophageal 

adenocarcinoma). This was evaluated using Cox proportional hazards regression 

models for unadjusted and adjusted results. The variables included in the adjusted 

analysis were age at diagnosis, gender, tumour nodal status, circumferential 

resection margin, tumour differentiation, lymphovascular invasion, and tumour 

location. There was a further set of mutually adjusted analysis performed which 

adjusted for smoking status when survival in alcohol consumption was studied and 

adjustment was made for alcohol consumption when survival in the smoking 

categories was studied.  

Survival analysis (overall and disease-specific survival) was also performed for the 

smoking and alcohol status across the categories of tumour biomarker expression. 

Stata version 14.2 (College Station, TX, USA) was used for statistical analysis. 
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3.4 Results 

3.4.1 Patient demographics and tumour characteristics  

Of the total 130 oesophageal adenocarcinoma patients in this study, 78% were male 

and 22% were female and the majority of patients were over 60 years old (70%). The 

majority of tumours were located at the gastro-oesophageal junction (84.6%), with 

Siewert 1 tumours the most common (50.8%), followed by Siewert 2 (25.4%) and 

Siewert 3 (8.5%). 

Table 3.2 presents the patient demographics and tumour characteristics across 

categories of smoking and alcohol status. There was no difference by patient sex, 

tumour site, lymphovascular invasion status, circumferential resection margin status, 

tumour differentiation, tumour t-stage or surgical nodal status according to 

categories of smoking and alcohol status. Current and former smokers were more 

likely to be older than non-smokers (p=0.02). 
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Table 3.2 Patient demographics and tumour characteristics according to smoking and alcohol status 

  Smoking Status Alcohol status 
 Total number 

n=130 
Never Current Former Un-

known 
P-
valu
e 

Never Ever Un-
known 

P-value 

Sex 
  Male 
  Female  

 
101 (77.7) 
29 (22.3) 

 
24 (70.6) 
10 (29.4) 

 
22 (71) 
9 (29) 

 
41 (85.4) 
7 (14.6) 

 
14 (82.4) 
3 (17.6) 

 
0.30 

 
28 (68.3) 
13 (31.7) 

 
56 (81.2) 
13 (18.8) 

 
17 (85) 
3 (15) 

 
0.20 

Age at diagnosis 
(years) 
  <50 
  50-59 
  60-69 
  ≥70 

 
 
14 (10.8) 
25 (19.2) 
61 (46.9) 
30 (23.1) 

 
 
5 (14.7) 
5 (14.7) 
16 (47.1) 
8 (23.5) 

 
 
6 (19.4) 
11 (35.5) 
13 (41.9) 
1 (3.2) 

 
 
3 (6.3) 
8 (16.7) 
23 (47.9) 
14 (29.2) 

 
 
0 (0) 
1 (5.9) 
9 (52.9) 
7 (41.2) 

 
 
0.02 

 
 
4 (9.8) 
6 (14.6) 
22 (53.7) 
9 (22) 

 
 
10 (14.5) 
16 (23.2) 
30 (43.5) 
13 (18.8) 

 
 
0 (0) 
3 (15) 
9 (45) 
8 (40) 

 
 
0.25 

Primary site 
  Lower third 
  GOJ 
   Siewert 
classification 
       1 
       2 
       3 

 
20 (15.4) 
110 (84.6) 
 
 
66 (50.8) 
33 (25.4) 
11 (8.5) 

 
2 (5.9) 
32 (94.1) 
 
 
18 (52.9) 
8 (23.5) 
6 (17.7) 

 
6 (19.4) 
25 (80.6) 
 
 
12 (38.7) 
11 (35.5) 
2 (6.4) 

 
9 (18.8) 
39 (81.3) 
 
 
28 (58.3) 
9 (18.7) 
2 (4.2) 

 
3 (17.7) 
14 (82.3) 
 
 
8 (47.1) 
5 (29.4) 
1 (5.9) 

 
 
0.36 
 
 
 
0.26 

 
8 (19.5) 
33 (80.5) 
 
 
19 (46.3) 
11 (26.8) 
3 (7.3) 

 
7 (10.1) 
62 (89.9) 
 
 
38 (55.1) 
17 (24.6) 
7 (10.1) 

 
5 (25) 
15 (75) 
 
 
9 (45) 
5 (25) 
1 (5) 

 
 
0.18 
 
 
 
0.67 

PET responder 
  No 
  Yes 
  Unknown 

 
43 (33.1) 
57 (43.9) 
30 (23.1) 

 
14 (41.2) 
13 (38.2) 
7 (20.6) 

 
12 (38.7) 
13 (41.9) 
6 (19.4) 

 
14 (29.2) 
23 (47.9) 
11 (22.9) 

 
3 (17.7) 
8 (47.1) 
6 (35.3) 

 
 
0.64 

 
15 (36.6) 
21 (51.2) 
5 (12.2) 

 
25 (36.2) 
27 (39.1) 
17 (24.6) 

 
3 (15) 
9 (45) 
8 (40) 

 
 
0.10 
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  Smoking Status Alcohol status 
 Total number 

n=130 
Never Current Former Un-

known 
P-
valu
e 

Never Ever Un-
known 

P-value 

Lymphatic 
vascular 
invasion 
  Yes 
  No 
  Unknown  

 
 
 
90 (69.2) 
39 (30) 
1 (0.8) 

 
 
 
25 (73.5) 
8 (23.5) 
1 (3) 

 
 
 
20 (64.5) 
11 (35.5) 
0 (0) 

 
 
 
32 (66.7) 
16 (33.3) 
0 (0) 

 
 
 
13 (76.5) 
4 (3.5) 
0 (0) 

 
 
 
0.62 

 
 
 
24 (58.5) 
16 (39) 
1 (2.5) 

 
 
 
52 (75.4) 
17 (24.6) 
0 (0) 

 
 
 
14 (70) 
6 (30) 
0 (0) 

 
 
 
0.29 

Circumferential 
resection 
margin 
  Negative 
  Positive 
  unknown 

 
 
 
72 (55.4) 
57 (43.8) 
1 (0.8) 

 
 
 
20 (58.8) 
14 (41.2) 
0 (0) 

 
 
 
16 (51.6) 
15 (48.4) 
0 (0) 

 
 
 
25 (52.1) 
22 (45.8) 
1 (2.1) 

 
 
 
11 (64.7) 
6 (35.3) 
0 (0) 

 
 
 
0.84 

 
 
 
24 (58.5) 
17 (41.5) 
0 (0) 

 
 
 
35 (50.7) 
33 (47.8) 
1 (1.5) 

 
 
 
13 (65) 
7 (35) 
0 (0) 

 
 
 
0.70 

Differentiation 
  Well  
  Moderate 
  Mod-poor 
  Poor 

 
2 (1.5) 
50 (38.5) 
14 (10.8) 
64 (49.2) 

 
1 (2.9) 
16 (47.1) 
4 (11.8) 
13 (38.2) 

 
1 (3.23) 
14 (45.2) 
2 (6.5) 
14 (45.2) 

 
0 (0) 
16 (33.3) 
4 (8.3) 
28 (58.3) 

 
0 (0) 
4 (23.5) 
4 (23.5) 
9 (52.9) 

 
 
 
0.39 

 
0 (0) 
17 (41.5) 
5 (12.2) 
19 (46.3) 

 
2 (2.9) 
26 (37.7) 
5 (7.3) 
36 (52.3) 

 
0 (0) 
7 (35) 
4 (20) 
9 (45) 

 
 
 
0.59 

Surgical T stage 
  1 
  2 
  3 
  4 

 
11 (8.5) 
25 (19.2) 
89 (68.5) 
5 (3.9) 

 
3 (8.8) 
5 (14.7) 
25 (73.5) 
1 (2.9) 

 
2 (6.5) 
7 (22.6) 
21 (67.7) 
1 (3.2) 

 
5 (10.4) 
8 (16.7) 
32 (66.7) 
3 (6.3) 

 
1 (5.9) 
5 (29.4) 
11 (64.7) 
0 (0) 

 
 
 
0.93 

 
3 (7.3) 
11 (26.8) 
25 (61) 
2 (4.9) 

 
7 (10.1) 
9 (13) 
50 (72.5) 
3 (4.4) 

 
1 (5) 
5 (25) 
14 (70) 
0 (0) 

 
 
 
0.55 
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  Smoking Status Alcohol status 
 Total number 

n=130 
Never Current Former Un-

known 
P-
valu
e 

Never Ever Un-
known 

P-value 

Surgical N stage 
  0 
  1 
  2 
  3 

 
44 (33.9) 
27 (20.8) 
29 (2.3) 
30 (23.1) 

 
9 (26.5) 
6 (17.7) 
11 (32.4) 
8 (23.5) 

 
9 (29) 
7 (22.6) 
8 (25.8) 
7 (22.6) 

 
19 (39.6) 
11 (22.9) 
9 (18.8) 
9 (18.8) 

 
7 (41.2) 
3 (17.7) 
1 (5.9) 
6 (35.3) 

 
 
0.60 

 
16 (39) 
9 (22) 
7 (17) 
9 (22) 

 
18 (26.1) 
15 (21.7) 
21 (30.4) 
15 (21.7) 

 
10 (50) 
3 (15) 
1 (5) 
5 (6) 

 
 
0.16 

Abbreviations: Gastro-oesophageal Junction; PET= Positive emission tomography scan; T-stage= Tumour stage; N stage= Nodal stage. 
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3.4.2 Survival analysis 

There were 75 patients who had died during a maximum of 9 (median 2.5) years of 

follow-up with 70 of these patients dying secondary to oesophageal adenocarcinoma 

and 5 dying due to other causes. Patients who died within 3 months of surgery were 

excluded from the outset. 

When comparing ever with never alcohol consumption in overall survival there was 

almost a two-fold increased risk of mortality in unadjusted analysis (HR 1.96 95% CI 

1.13-3.38) although this was not statistically significant when adjusted analysis was 

performed (HR 1.70 95% CI 0.95-3.04). In cancer-specific survival analysis, a similar 

pattern was observed when comparing ever versus never alcohol drinkers with a 

worsened survival in unadjusted analysis (HR 1.99 95% CI 1.12-3.55) and adjusted 

analysis (HR 1.7 95% CI 0.93-3.11) although the later did not reach a level of statistical 

significance. Mutually-adjusting for smoking status did not alter the results shown.  

Regarding smoking status, there was no apparent difference in overall or cancer-

specific survival in either current or former smokers compared to never smokers in 

both unadjusted and adjusted analysis (Table 3.3). Additional adjustment for alcohol 

status did not impact on either set of survival analyses.  

3.4.3 Stratified survival analysis by biomarker expression 

When comparing survival in ever versus never smokers across the different 

biomarker groupings there was no difference in patient outcomes when tumours had 

high or low expression of p53, or were positive for HER 2, GLUT-1 or CD8. These 

results are presented in Table 3.4.  

When evaluating survival in ever versus never alcohol drinkers across biomarker 

expression the previously observed increased risk of death was more evident in 

patients within the middle tertile of p53 expression (HR 11.8 95% CI 1.55-89.7), GLUT-

1 positive (HR 2.40 95% CI 1.31-4.41), CD 8 positive (HR 2.77 95% CI 1.26-6.09) and 

HER 2 positive tumours (HR 7.00 95% CI 0.85-57.6), although the latter did not reach 

statistical significance. These results are presented in Table 3.5.  
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Table 3.3 Oesophageal adenocarcinoma survival outcomes according to smoking 
and alcohol status 

 Dead 
n= 
 75 

Alive  
n= 
55 

Unadjusted 
Hazard ratio  
(95% CI) 

P-
value 

Adjusted  
Hazard ratioa  
(95% CI)  

P-
value 

Adjusted  
Hazard ratiob  
(95% CI) 

P-
value 

Overall 
survival 

        

Never 
alcohol 

18 23 1.00  1.00  1.00  

Ever 
alcohol 

45 24 1.96 (1.13-3.38) 0.02 1.70 (0.95-3.04) 0.07 1.67 (0.93-3.01) 0.09 

Un-
known 

12 8 1.64 (0.79-3.42) 0.18 1.73 (0.80-3.80) 0.17 4.29 (0.78-
23.68) 

0.09 

         
Never 
smoker 

21 13 1.00  1.00  1.00  

Current 
smoker 

18 13 1.10 (0.58-2.07) 0.77 1.14 (0.55-2.37) 0.72 1.08 (0.51-2.26) 0.85 

Former 
smoker 

26 22 0.93 (0.53-1.67) 0.83 1.25 (0.67-2.35) 0.49 1.10 (0.58-2.10) 0.77 

Un-
known  

10 7 1.33 (0.53-2.41) 0.75 1.19 (0.53-2.66) 0.66 0.38 (0.06-2.32) 0.29 

         
Cancer-
specific 
survivalc 

        

Never 
alcohol 

16 23 1.00  1.00  1.00  

Ever 
alcohol 

43 24 1.99 (1.12-3.55) 0.02 1.70 (0.93-3.11) 0.09 1.66 (0.90-3.06) 0.11 

Un-
known 

11 8 1.57 (0.72-3.39) 0.25 1.66 (0.73-3.75) 0.23 3.98 (0.71-
22.37) 

0.12 

         
Never 
smoker 

19 13 1.00  1.00  1.00  

Current 
smoker 

16 13 1.03 (0.52-2.01) 0.93 1.09 (0.50-2.37) 0.83 1.02 (0.46-2.6) 0.96 

Former 
smoker 

26 22 0.96 (0.53-1.75) 0.91 1.35 (0.71-2.58) 0.35 1.19 (0.61-2.31) 0.60 

Un-
known 

9 7 1.04 (0.47-2.29) 0.93 1.14 (0.49-2.64 0.76 0.39 (0.06-2.47) 0.32 

Abbreviations: CI= Confidence Intervals  
aVariables included in the adjusted analysis were age at diagnosis, gender, nodal status, 
circumferential resection margin, lymphovascular invasion, tumour location and tumour 
differentiation 
badjustment was made for age at diagnosis, sex, nodal status, circumferential resection margin, 
lymphovascular invasion, primary site, tumour differentiation and smoking 
c This analysis included 125 patients as 5 had died due to other causes 
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Table 3.4 Oesophageal adenocarcinoma survival outcomes according to smoking 
status within different biomarker categories 

  Never Ever Smoking Status 
  Dead/ 

Alive  
 

Dead/ 
Alive  
 

Neve
r 

Ever  
(Overall survival) 
Unadjusted 
Hazard ratio 
(95% CI) 

P-
valu
e 

Ever 
(Disease specific 
survival)a 

Unadjusted 
Hazard ratio (95% 
CI) 

P-
value 

 P53 
  240+ 
  80-<240 
  <80 

 
43 (33.1) 
38 (29.2) 
49 (37.7) 

n=34 
6/4 
8/8 
7/5 

n=79 
16/9 
10/11 
18/15 

 
1.00 
1.00 
1.00 

 
1.22 (0.47-3.14) 
0.68 (0.27-1.72)  
1.18 (0.49-2.87) 

 
0.68 
0.41 
0.72 

 
1.22 (0.48-3.15) 
0.62 (0.24-1.61) 
1.28 (0.47- 3.47) 

 
0.68 
0.33 
0.63 

HER-2 
  0 
  1 

 
111 (85.4) 
19 (14.6) 

n=34 
18/12 
3/1 

n=79 
37/28 
7/7 

 
1.00 
1.00 

 
1.07 (0.61-1.88) 
0.64 (0.16-2.48) 

 
0.81 
0.52 

 
1.07 (0.59-1.93) 
0.64 (0.16-2.48) 

 
0.83 
1.00 

GLUT 1 
  0 
  1 

 
22 (17.1) 
107 (82.9) 

n=34 
5/3 
16/10 

n=79 
5/6 
39/29 

 
1.00 
1.00 

 
0.75 (0.21-2.64) 
1.02 (0.57-1.83) 

 
0.66 
0.95 

 
0.54 (0.13-2.18) 
1.07 (0.59-1.95) 

 
0.39 
0.83 

CD 8 
  0 
  1        

 
36 (30) 
84 (70) 

n=30 
5/3 
14/8 

n=77 
17/6 
26/28 

 
1.00 
1.00 

 
1.32 (0.49-3.59) 
0.85 (0.44-1.64) 

 
0.59 
0.63 

 
1.22 (0.45-3.40) 
0.87 (0.44-1.73) 

 
0.69 
0.88 

Abbreviations: CI= Confidence Intervals 
a This analysis included 125 patients as 5 had died due to other causes 
 

Table 3.5 Oesophageal adenocarcinoma survival outcomes according to alcohol 
status within different biomarker categories 

  Never Ever Alcohol status 
  Dead/ 

Alive  
Dead/ 
Alive 

Never Ever  
(Overall survival) 
Unadjusted 
Hazard ratio (95% 
CI) 

P-
value 

Ever 
(Disease specific 
survival)a 

Unadjusted 
Hazard ratio 
(95% CI) 

P-
value 

 P53 
  240+ 
  80-<240 
  <80 

 
43 (33.1) 
38 (29.2) 
49 (37.7) 

n=41 
10/6 
1/9 
7/8 

n=69 
12/7 
16/6 
17/11 

 
1.00 
1.00 
1.00 

 
1.26 (0.54-2.91) 
12.37 (1.63-93.6) 
1.59 (0.65-3.87) 

 
0.60 
0.02 
0.31 

 
1.27 (0.55-2.94) 
11.8 (1.55-89.7) 
1.66 (0.61-4.54) 

 
0.58 
0.02 
0.32 

HER-2 
  0 
  1 

 
111 (85.4) 
19 (14.6) 

n=41 
17/18 
1/5 

n=69 
38/21 
7/3 

 
1.00 
1.00 

 
1.66 (0.94-2.95) 
7.00 (0.85-57.6) 

 
0.08 
0.07 

 
1.66 (0.91-3.04) 
7.00 (0.85-57.6) 

 
0.10 
0.07 

GLUT 1 
  0 
  1 

 
22 (17.1) 
107 (82.9) 

n=41 
3/2 
15/21 

n=69 
7/6 
38/18 

 
1.00 
1.00 

 
0.79 (0.20-3.12) 
2.5 (1.37-4.57) 

 
0.74 
0.003 

 
1.18 (0.14-
10.10) 
2.40 (1.31-4.41) 

 
0.88 
0.005 

CD 8 
  0 
  1        

 
36 (30) 
84 (70) 

n=39 
7/4 
9/19 
 

n=65 
15/5 
29/16 

 
1.00 
1.00 

 
1.67 (0.68-4.13) 
2.78 (1.31-5.89) 
 

 
0.26 
0.01 

 
1.71 (0.65-4.48) 
2.77 (1.26-6.09) 

 
0.27 
0.01 

Abbreviations: CI= Confidence Intervals 
a This analysis included 125 patients as 5 had died due to other causes 
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3.5 Discussion 
In this population-representative study, patients with oesophageal adenocarcinoma 

who consumed alcohol had a poorer survival than never drinkers, although statistical 

significance became attenuated in fully adjusted analyses. In our hypothesis-

generating analysis stratified by biomarker expression levels, patients who were 

ever-alcohol drinkers and had tumours positive for GLUT1 and CD8 had a significantly 

poorer survival than never drinkers with tumours that positively expressed GLUT1 

and CD8. Furthermore, those patients within the middle tertile of p53 expression and 

were ever alcohol drinkers also had a significantly worse survival than those who 

never drank and had tumours with high or low p53 expression. Smoking status was 

not associated with outcomes in patients with oesophageal adenocarcinoma, and 

these non-significant observations remained in analyses stratified by biomarker 

expression levels.  

Only three studies and one meta-analysis have been identified that study the impact 

of alcohol consumption on survival in oesophageal adenocarcinoma. A contributing 

factor to this lack of research may be the short life expectancy associated with this 

disease meaning it is difficult to detect a significant difference in survival whereas 

other cancers such as colorectal cancer have been investigated more extensively. 

Although none of the adjusted results in these studies reached statistical significance 

some of the studies did demonstrate a non-significant worse survival in alcohol 

drinkers136,137,135,119. The largest study to date was performed retrospectively in 

Australia and included 362 patients with oesophageal adenocarcinoma of which 219 

underwent attempted curative treatment with either resection and 

chemoradiotherapy (190 patients) or chemoradiotherapy alone (29 patients) and 137 

who underwent non-curative treatment136. Alcohol consumption was assessed by 

providing questionnaires which assessed patient consumption between the ages of 

0-29, 30-49 and >50 which was then used to divide patients into groups of average 

lifetime alcohol consumption of <1 drink, 1-6, 7-20 and greater than 20 drinks per 

week with one drink considered to be equivalent to 10g of alcohol. There were 37, 

83, 131 and 109 patients within the respective groups. In adjusted analysis when 

comparing outcomes in the groups who consumed alcohol regularly to the group who 
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consumed less than 1 drink per week there was no significant difference in outcomes, 

although in the group who drank 7-20 drinks per week there was a trend of worse 

survival which almost reached a level of statistical significance (HR 1.52 95% CI 0.98-

2.37)136. 

The second largest study was carried out by Trivers et al who performed a 

multicentred population-based case control study in the US with 293 cases of 

oesophageal adenocarcinoma of which 76 patients had localised disease, 7 had 

regional, 83 distant and the disease stage for 62 patients was unknown. There were 

70 never drinkers and 223 ever drinkers and in unadjusted analysis there was no 

significant difference in survival between never drinkers and ever drinkers (HR 1.08 

95% CI 0.81-1.44)137. The third study, a nationwide case control study performed by 

Sundelof et al in Sweden135 included 177 patients with oesophageal adenocarcinoma 

of which 102 underwent oesophagectomy and 75 did not. Alcohol intake was based 

on consumption 20 years prior to the questionnaire and was divided into never, 1-

15g per week, 16-70g per week and more than 70g per week. There was no difference 

in survival in any of the alcohol drinker groups compared to the never group135.  

The studies by Thrift et al and Sundelof et al were combined in the meta-analysis in 

Chapter 2 and although results did not reach a level of statistical significance they 

suggested that survival may be worse for moderate drinkers compared to never 

drinkers (HR 1.34 95% CI 0.95-1.89)119, however this trend did not continue when 

heavy alcohol consumption was compared to never consumption (HR 1.01 95% CI 

0.70-1.47)119. 

There has also been a limited number of studies that have examined the impact of 

cigarette smoking on survival in patients with oesophageal adenocarcinoma, but the 

results are in agreement with our findings.  The three studies discussed above looking 

at the impact of alcohol on survival also studied the impact of cigarette smoking on 

survival. Triver et al compared outcomes between never and ever smokers and in 

unadjusted analysis no significant difference in outcomes were seen (HR 0.86 95% CI 

0.64-1.16)137. Sundelof et al divided smoking status into never, ex-smoker and 

current smoker with an ex-smoker defined as someone who had quit within the last 

two years. In adjusted analysis there was no significant difference in survival in ex-
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smokers (HR 0.9 95% CI 0.6-1.4) or current smokers (HR 1.0 95% CI 0.6-1.7) compared 

to never smokers135. Thrift et al used smoking status one year prior to diagnosis for 

their analysis as well as calculating pack years of smoking from the history provided 

by the patient. When using both the smoking status of never, ex and current smoker 

and the patients cumulative smoking history of pack years there was no significant 

difference in survival outcomes across any of the categories136. Spreafico et al 

performed a cohort study of 564 patients diagnosed with oesophageal 

adenocarcinoma with combined data from Boston and Toronto134. Smoking data was 

collected retrospectively and this group found that there was no association with 

survival for every unit increase in packed years smoked prior to their diagnosis (HR 

1.01 95% CI 1.00-1.01). In our meta-analysis which combined these studies, there was 

no significant difference in survival outcomes when comparing never with current 

(HR 0.99 95% CI 0.73-1.36) and former smokers (HR 0.88 95% CI 0.68-1.14) 

respectively 119. Our hypothesis generating results for the impact of cigarette smoking 

on survival according to expression of tumour biomarkers, did also not demonstrate 

significant results.  

The hypothesis generating results within the alcohol status categories were more 

interesting and demonstrated that patients who were ever drinkers and had GLUT1 

positive tumours had a worsened survival than those who were never drinkers and 

GLUT1 positive. There was no difference in survival in patients who were GLUT1 

negative across the two alcohol categories. There has only been one study looking at 

the role of GLUT1 as a biomarker in oesophageal adenocarcinoma and positive GLUT1 

expression was associated with a poorer prognosis197. This is the first study however 

to identify an interaction between alcohol, GLUT1 expression and survival in 

oesophageal adenocarcinoma. This suggests the presence of an interaction between 

GLUT1, hypoxic tumours and alcohol consumption, but further confirmatory studies 

are required before these findings can influence lifestyle advice. Survival was also 

significantly worse in patients who were ever drinkers and had CD8 positive tumours 

compared to never drinkers who had CD8 positive tumours.  Positive CD8 expression 

has been shown to be associated with improved survival in cancer in general but our 

study suggests that the interaction between alcohol and CD8 positive tumours is 
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associated with a significantly worse surviva199l. Further studies are required to 

confirm these findings before lifestyle advice is provided to this cohort of patients.  

This study has several strengths. It adds to the small pool of studies that have been 

performed in this area and compliments their findings. Furthermore, it is the first 

study to perform the molecular epidemiology pathology method to study the 

interaction between lifestyle factors, biomarker expression and survival.   

The main limitation of this study is the relatively small sample size, although our 

cohort size of 130 patients is typical of this relatively rare disease site. The small 

sample size was particularly relevant when performing analysis across the biomarkers 

as division down into positive and negative biomarker across ever and never smokers 

and alcohol drinkers produced small numbers within each category as demonstrated 

in tables 3 and 4 and only enabled unadjusted analysis to be performed. However, 

this is the first analysis of its type and sets the tone for future larger studies. All 

patients in this study had surgically resectable disease, meaning this cohort 

represents patients with more favourable prognosis, and we cannot deduce if 

smoking or alcohol consumption impacts upon the outcome in patients with more 

advanced disease but given the limited expected survival within this group of patients 

it may be difficult to detect significant benefits from abstention209.  

When comparing our study to the previous studies it should be noted that there are 

significant differences in the design of the studies, in particular the way in which 

alcohol consumption and smoking history is quantified, the study size and the stage 

of disease which was included in the study. Despite this our adjusted results are 

similar to those in the previously discussed studies 

In an ideal study we would be able to compare outcomes in never, ever, current and 

former cigarette smokers and alcohol drinkers and also assess if outcomes differed 

depending on the dosage of exposure. However, this was not possible in this study 

due to the small number of patients that would be present within each exposure 

group. The smoking and alcohol data was collected retrospectively therefore raising 

the possibility of recall bias and future studies should be designed with prospective 

collection of data. However, this requires a large cohort of patients to enable 

meaningful comparisons between exposure groups. In the next chapter we present 



125 

our results of the impact of smoking and alcohol consumption on oesophageal cancer 

using the data from the OCCAMs consortium with 1002 number of patients  
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3.6 Future research recommendations  
Larger studies need to be performed to investigate these findings further as 

modification of a patient’s lifestyle is an easily targetable variable if there is a proven 

survival benefit. This is addressed in chapter four. Furthermore, the hypothesis 

generating results require further investigation and this is included in the long-term 

plan of the Cancer Epidemiology research group at Queen’s University Belfast.  
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3.7 Conclusion 
In conclusion, this study demonstrates that ever alcohol consumption may have a 

negative impact on survival in patients with oesophageal adenocarcinoma and in 

particular those patients with CD8 and GLUT1 positive tumours and expression of p53 

within the middle tertile. However, cigarette smoking was not shown to be 

associated with survival in patients with oesophageal adenocarcinoma.  
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4 Alcohol, smoking, and oesophageal 
adenocarcinoma survival: a UK cohort 
study within the OCCAMS consortium. 
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4.1 Introduction  
Much research has been performed to investigate the association between cigarette 

smoking and alcohol consumption on the development of oesophageal 

adenocarcinoma. For example, the BEACON consortium performed analysis on 12 

primary studies with 2,990 cases and demonstrated that there was a two-fold 

increased risk of developing oesophageal adenocarcinoma in ever versus never 

smokers (OR 2.08 95% CI 1.83-2.37)117. This study and the other available evidence 

investigating cigarette smoking as a risk factor for oesophageal adenocarcinoma is 

discussed in greater detail within section 2.1.2. This same consortium also 

investigated the association between alcohol consumption and oesophageal 

adenocarcinoma81. When 11 studies were combined with 1,821 cases of oesophageal 

adenocarcinoma, 1,837 oesophagogastric junctional adenocarcinomas and 10 854 

controls, there was no associated increased risk in the development of oesophageal 

adenocarcinoma in any of the performed analysis across categories of alcohol 

consumption81. This is discussed in greater detail in section 2.1.5.  

The role that these lifestyle factors play in cancer survival has received significantly 

less attention. However, this research is important because if pre-diagnostic 

exposure to these lifestyle factors is shown to have a detrimental effect on cancer 

survival, public health campaigns can highlight not just the role they play as cancer 

risk factors but also the impact they have on prognosis in patients diagnosed with 

cancer. The current lack of research is highlighted in our systematic review in Chapter 

2 in that we only identified four studies which investigated the association between 

smoking and oesophageal adenocarcinoma survival, and three studies which 

investigated the association between alcohol consumption and oesophageal 

adenocarcinoma survival. The results from the meta-analyses demonstrated no 

significant association between pre-diagnostic cigarette smoking or alcohol 

consumption on survival in oesophageal adenocarcinoma patients119. A maximum of 

two studies were able to be combined in any of the meta-analyses performed and 

therefore these results should be interpreted with caution. There were also 

shortcomings in the included studies including the retrospective study design, low 

numbers of participants and the inclusion of patients with advanced disease. It is 
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important to highlight that these studies did not investigate the association between 

lifestyle modifications at the time of cancer diagnosis and patient survival. The 

current advice on lifestyle modification following a cancer diagnosis, including an 

oesophageal cancer diagnosis, is based on the WCRF ten points on cancer 

prevention210. These are presented in section 2.1 and recommendations include 

abstaining from smoking and limiting alcohol consumption, if consumed.  

The impact of tobacco smoking cessation after a cancer diagnosis on cancer survival 

other than oesophageal cancer has received some attention, with a particular focus 

in lung cancer. Parsons et al performed a systematic review and identified ten 

observational studies which measured the effect of smoking cessation after a 

diagnosis of lung cancer211. In non-small cell lung cancer, continued cigarette smoking 

following a lung cancer diagnosis was associated with almost a three-fold increased 

risk of all-cause mortality (HR 2.94 95% CI 1.15-7.54) and a two-fold increased risk of 

recurrence (HR 1.86 95% CI 1.01-3.41) in comparison to those who ceased to 

smoke211. In small cell lung cancer, there was almost a two-fold increased risk of 

death (HR 1.86 95% CI 1.33-2.59) in continued smokers compared to those who 

stopped and a 26% (HR 1.26 95% CI 1.06-1.50) increased risk of recurrence in the 

former compared to the latter211. Other individual studies have been performed since 

the publication of this systematic review. For example, Gemine et al studied 547 

patients with non-small cell lung cancer, of whom 133 quit smoking within one month 

of diagnosis and demonstrated a significantly lower survival duration in the patients 

who were smokers, compared to those who quit smoking (272.46 days versus 362.46 

days p=0.01)212. All stages of disease were included in this study but patients who 

died within one month of their diagnosis were excluded from survival analysis. The 

Shanghai Cohort Study also demonstrated that there was a significantly increased risk 

of all-cause mortality in male lung cancer patients (HR 2.36 95% CI 1.63-3.42) who 

continued to smoke after their diagnosis compared to those who quit after their 

cancer diagnosis213. This group also demonstrated that continued smoking following 

a diagnosis of colorectal cancer (HR 2.31 95% CI 1.40-3.81) and bladder cancer 

patients (HR 2.95 95% CI 1.09-7.95) had a negative impact on survival in comparison 

to those who stopped smoking following their cancer diagnosis213. This study 
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included patients with all stages of disease but hypothesised that a change of 

smoking status immediately after a cancer diagnosis would have a limited impact on 

survival for patients dying within a few months and therefore excluded patients who 

died within a year of diagnosis. The survival analysis was adjusted for age at diagnosis, 

level of education received, cumulative pack years prior to diagnosis and treatment 

received. Given the findings from these observational studies, it is plausible that 

smoking cessation could have potential benefits in extending survival amongst 

patients with oesophageal cancer.  

Although the impact of smoking cessation on prognosis in cancer patients has been 

investigated in numerous studies above, much less attention has been given to the 

potential impact of changing alcohol intake in cancer patients. Alcohol is associated 

with the development of several cancers including, liver cancer214, colorectal 

cancer215 and oesophageal squamous cell carcinoma80, but no association has been 

demonstrated with the development of oesophageal adenocarcinoma 118. However, 

there is often a high incidence of alcohol consumption within smokers, and this can 

have a negative synergistic effect with cigarette smoking on cancer development, 

including oesophageal cancer122. This suggests that investigating the association 

between alcohol consumption and survival in oesophageal cancer patients may also 

be important.  

The lack of published evidence surrounding the association between smoking, 

alcohol and oesophageal adenocarcinoma survival highlights the necessity for further 

studies in this area, such as that reported in Chapter 3. This was a population-based 

cohort study which included 130 consecutive patients in Northern Ireland, who 

underwent neoadjuvant treatment followed by surgical resection for management 

of oesophageal adenocarcinoma. Results demonstrated that cigarette smoking was 

not associated with survival in oesophageal adenocarcinoma, whereas ever versus 

never alcohol consumption was associated with a worse survival in this cohort of 

patients. However, statistical significance became attenuated in fully adjusted 

analyses. In our hypothesis-generating analysis, which was performed using an MPE 

design, ever alcohol drinkers with GLUT1 positive and CD8 positive tumours had a 

significantly poorer survival than never drinkers with tumours which positively 
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expressed GLUT1 and CD8. These results suggest that there may be subgroups of 

patients with tumours in which lifestyle modification may be particularly beneficial. 

There are methodological shortcomings in the Chapter 3 study and in particular there 

was a relatively small sample size. Therefore, further studies are still required, ideally 

including a larger number of patients with potentially treatable oesophageal 

adenocarcinoma.   

In this chapter, some of the previous study limitations are addressed by performing 

a study investigating the association between alcohol intake, tobacco smoking, and 

oesophageal adenocarcinoma survival within the large UK Oesophageal Cancer 

Clinical and Molecular Stratification (OCCAMS) consortium. 

4.1.1 An introduction to OCCAMS 

The OCCAMS study is network of 20 specialist oesophago-gastric cancer centres 

within the UK established to facilitate clinical and molecular stratification of 

oesophagogastric cancer. This consortium has ethical approval for collection of 

detailed clinical information and corresponding tissue collection for analysis 

(Research Ethics Committee number 10/H0305/1). Centres included in this 

consortium and the year in which they started to recruit patients are presented in 

Table 4.1. The centres collect tissue from endoscopically or surgically resected 

tumours and match them with detailed clinical information. These samples are 

reviewed centrally in the MRC Cancer Unit in Cambridge prior to extraction of DNA 

and RNA to obtain whole genome sequences, in an attempt to understand the 

evolution of this heterogenous disease. Transcriptome and epigenomic data is also 

acquired from these samples to help develop an understanding of process of the 

transformation from pre-malignant Barrett’s oesophagus to oesophageal 

adenocarcinoma and onto metastatic disease. The consortium also aims to use this 

information to identify new biomarkers of progression and biomarkers which help 

predict response to medical therapies.  The available detailed clinical information 

also allows for large epidemiological studies such as that performed within this 

chapter, to help develop our understanding of the risk factors and prognostic factors 

involved in this disease process.  
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Table 4.1 OCCAMS centres and date at which recruitment began 

OCCAMS Centre Recruitment 
start date 

Belfast 19/02/2015 

Birmingham 19/01/2011 

Bournemouth 23/06/2014 

Cambridge 27/09/2010 

Coventry 27/06/2013 

Edinburgh 27/05/2011 

Gloucester/Worcester 01/03/2012 

Guildford 31/07/2012 

Guys, Kings and St Thomas 23/01/2012 

Kilmarnock 25/04/2013 

Manchester: Salford/Wigan 03/11/2011 

Manchester: Wythenshawe 17/01/2013 

Norfolk/Norwich 09/05/2012 

North Staffordshire 10/09/2013 

Nottingham 14/07/2011 

Plymouth 23/10/2012 

Romford 12/04/2013 

Southampton 13/12/2010 

UCL 06/12/2012 
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4.2 Study aim 
The aim of this study was to investigate the association between cigarette smoking 

and alcohol consumption on mortality in oesophageal adenocarcinoma patients 

within the UK OCCAMS consortium.  
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4.3 Methods 

4.3.1 Patient selection 

From 1st January 2011 to the 26th June 2019, 3,930 patients were recruited to the 

OCCAMS consortium. From this cohort, 2,342 patients had available information on 

smoking history and alcohol consumption. Patients were also excluded due to 

unknown sex (n=2), an implausible age at diagnosis (n=66) and a histological 

diagnosis other than adenocarcinoma (n=140). Treatment intent was classified as 

curative, palliative anti-cancer treatment (ie surgery, oncological treatment, 

endoscopic palliation), palliative supportive care and unknown. Only patients 

undergoing treatment with curative intent which included surgical resection were 

included and patients in the other three categories excluded (n=297). The Office of 

National Statistics/ Public Health England records conducted data linkage to provide 

information on the cause and date of death up to 22nd October 2017; this data was 

anonymised and analysis was only permitted via a remote secure data setting hosted 

by the MRC Cancer Unit/University of Cambridge. Restricting analysis to the 

remaining OCCAMS patients recruited prior to the data linkage date of 22nd October 

2017 left 1,002 patients for inclusion in our final analytical cohort. The breakdown of 

excluded cases is outlined in Figure 4.1.  
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Figure 4.1 Flow chart explaining why patients were excluded from this study. 

4.3.2 Clinical data 

A questionnaire was provided at time of diagnosis to all the patients recruited from 

each oesophago-gastric specialist centre. The data recorded for each patient included 

patient demographics, pre-treatment staging, medical treatment administered, 

N=3,930 patients recruited to OCCAMS 

 

From n=2,342 patients the following 
were excluded due to: 
 

- N=2 unknown sex 
- N=66 implausible age at 

diagnosis 
- N=140 histology other than 

adenocarcinoma 
- N=297 were not treated with 

curative intent 
- N=56 had in-situ tumours  

 

N=1,781 remaining tumours 

N=2,342 had information on smoking and 

alcohol consumptions status  

N=1002 had matched data with Public Health 

England to enable survival analysis  
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medical treatment response, surgical treatment, pathology result from resected 

specimen and endpoint.  

Tobacco smoking and alcohol status was recorded within the pre-diagnosis lifestyle 

exposures section of the questionnaire. 

Smoking status was divided into three categories of never, former and current 

smokers. The average number of cigarettes smoked daily and number of years the 

patient smoked was also recorded where possible but due to incomplete data this 

could not be included in the survival analyses. 

Alcohol intake was categorised into three categories of never drinker, former heavy 

drinker and current heavy drinker. Within the drinkers, patients were categorised as 

heavy drinker if they drank more than 21 units per week for males or 14 units per 

week for females. The alcohol type was also assessed with the weekly units of wine, 

beer and spirits recorded.  

Examination of the resected specimen was used to record, tumour differentiation, 

circumferential resection margin, lymphovascular status and TNM stage according to 

the International Union Against Cancer (UICC) TNM staging, 8th edition207. Tumour 

differentiation was classed as poor, moderate to poor, moderate, moderate to well, 

well and unknown. Circumferential resection margin involved (<1mm) was recorded 

as yes, no, not applicable or not recorded. The presence of lympho-vascular invasion 

was quantified as yes, no and not recorded.  

The patient’s performance status was assessed using The Eastern Cooperative 

Oncology Group scale (ECOG) from zero to four and those with unknown ECOG score 

also recorded. The presence or absence of other co-morbidities including 

cardiovascular disease, cerebrovascular disease, liver disease and a diagnosis of 

another cancer was also recorded.    

The curative treatment received was categorised as surgery only, definitive chemo-

radiotherapy or radiotherapy, and combined chemo-radiotherapy and surgery.  

All patients were discussed within local specialised multi-disciplinary team meetings. 

Investigations performed for accurate staging included high resolution CT scanning, 

endoscopic ultrasound, staging laparoscopy and fluorodeoxyglucose PET-CT. The 
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accepted management of T1 tumours is attempted EMR but when this is unsuccessful 

patients typically progress to surgical resection. Those patients with resectable 

disease and staged clinically as T2N0M0 and have well or moderately differentiated 

disease typically will go straight to surgery, whereas patients with a clinical staging 

worse than this or with a poorly differentiated tumour will attend for neo-adjuvant 

chemotherapy prior to surgical resection.   Neo-adjuvant chemotherapy is typically 

in the form of cisplatin and 5-fluorouracil or platinum-based triplet therapy. Some 

patients will receive neo-adjuvant chemo-radiotherapy in accordance with local 

practice for example to treat bulky tumours and there are also trials ongoing with 

chemo-radiotherapy being one of the treatment arms such as in the Neo-Aegis trial. 

4.3.3 Statistical analysis 

Patient demographics and tumour characteristics according to smoking and alcohol 

status were compared using chi-squared tests (with exception of age, which was 

normally distributed as a continuous variable, and compared using one-way ANOVA 

tests). These are presented in Table 4.2.  

 Cigarette smoking exposure was divided into never, former and current smokers and 

alcohol exposure is categorised into never drinkers, former heavy drinkers and 

current heavy drinkers. 

Outcomes studied included the impact of smoking and alcohol on overall survival 

(death from any cause) and cancer-specific survival (death from oesophageal 

adenocarcinoma) using Cox proportional hazards regression models. The ICD-10 

codes C15 and C16 for oesophago-gastric cancers and C26 for ill-defined cancers of 

the digestive system were used to capture those patients who died as a result of their 

oesophageal adenocarcinoma diagnosis.  

Four categories of survival analysis were performed, one of which was unadjusted 

and the other three had a variety of adjustments made. Minimally adjusted analysis 

was performed for age at diagnosis and patient sex only. A second set of adjusted 

analysis included the aforementioned adjustments plus adjustment for tumour 

differentiation, clinical T stage, clinical nodal stage, lymphovascular status, 

circumferential resection margin, patient ECOG status, and personal history of 



139 

comorbidities (cardiovascular disease, cerebrovascular disease, other cancers, and, 

for alcohol analysis only, liver disease). Treatment receipt was tested for, but did not 

impact on the results, therefore was not included in final analysis.  A third analysis 

was performed which further included mutual adjustment for smoking status and/or 

alcohol intake, as appropriate.  

Sensitivity analyses were performed, restricting to only patients who survived for at 

least one year after diagnosis. This aimed to exclude patients who died as a 

complication of their surgery in the survival analysis. Furthermore, it is unlikely that 

lifestyle factors play a significant role on survival over such a small timeframe. A 

further set of sensitivity analyses was performed excluding patients who had a 

previous cancer diagnosis. 

Stata version 14.2 (College Station, TX, USA) was used for statistical analysis. 
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4.4 Results 

4.4.1 Patient demographics and tumour characteristics 

Of the 1,002 oesophageal adenocarcinoma patients in this study, 836 (83.4%) were 

male and 166 (16.6%) were female. The mean (SD) age of patients was 66.1 (9.4) 

years, range 25.2-88.4 years. The majority of the cases (79.2%) were recruited to the 

study from 2013 to 2016, whereas only 21.8% were recruited between 2010 and 

2013. The majority of patients had neo-adjuvant chemo-radiotherapy and surgery 

(820, 81.8%), 158 (15.8%) had surgery alone, and 24 (2.4%) had definitive chemo-

radiotherapy alone.  

 

Results demonstrated no difference in treatment receipt, ECOG performance status, 

year of diagnosis, lymphovascular invasion status, circumferential resection margin 

status, tumour differentiation, surgical T-stage, surgical N-stage, cardiovascular 

disease, cerebrovascular disease or other cancers according to categories of smoking 

status. There was a difference in patient sex (p<0.01), age (p=0.02), alcohol status 

(p<0.001) and liver disease (p<0.001) across categories of smoking status. There was 

a higher proportion of females who were never smokers and current smokers in 

comparison to the males included in the study and there was a higher proportion of 

males who were former smokers in comparison to the females. There was also a 

higher proportion of never alcohol drinkers who were never smokers in comparison 

to those who were former heavy drinkers or current heavy drinkers. When comparing 

liver disease status across categories of smoking exposure there was a higher 

proportion of patients with liver disease who were current smokers in comparison to 

those who were never or former smokers.  

There was no difference in treatment receipt, performance status, lymphovascular 

invasion, circumferential resection margin status, tumour differentiation, surgical T-

stage, surgical N-stage, cardiovascular disease, liver disease and other cancers 

according to categories of alcohol exposure.  

There was a difference in patient sex (p<0.001), age (p<0.001), year of diagnosis 

(p<0.01) and cerebrovascular disease (p<0.001) across categories of alcohol 
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exposure. There was a higher proportion of males who were either former heavy, or 

current heavy alcohol consumers in comparison to females in which there was a 

higher proportion of never drinkers. When comparing cerebrovascular disease status 

across categories of alcohol consumption there was a higher proportion of patients 

with cerebrovascular disease who were current heavy drinkers in comparison to 

those who were former heavy or never drinkers. These results are presented in Table 

4.2. 

When comparing alcohol status across categories of smoking exposure there was a 

higher proportion of current heavy drinkers who were also current smokers (27.6%) 

in comparison to current heavy drinkers who were never smokers (9.9%), p<0.001. 
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Table 4.2 Patient demographics and tumour characteristics according to categories of cigarette smoking 
and alcohol consumption 

  Smoking status Alcohol Status 

 Total 
number  

Never Former Current P-
value 

Never Former 
heavy 

Current 
heavy 

P-
value  

Sex 
  Male 
  Female  

 
836 (83.4) 
166 (16.6) 

 
242 (77.6) 
70 (22.4) 

 
471 (87.6) 
67 (12.4) 

 
123 (80.9) 
29 (19.1) 

 
<0.00
1 

 
628 (80.2) 
155 (19.8) 

 
58 (96.7) 
2 (3.3) 

 
150 (94.3) 
9 (5.7) 

 
<0.001 

Age (years) 
Mean (SD) 

 
66.1 (9.4) 

 
64.7 (10.8) 

 
67.2 (8.3) 

 
63.3 (9.0) 

 
<0.00
1 

 
66.1 (9.6) 

 
65.6 
(7.6) 

 
64.9 (8.4) 

 
0.02 

ECOG status 
  0-1 
  2-3 
  Unknown  

 
860 (85.8) 
38 (3.8) 
104 (10.4) 

 
270 (86.5) 
13 (4.2) 
29 (9.3) 

 
458 (85.1) 
20 (3.7) 
60 (11.2) 

 
132 (86.8) 
5 (3.8) 
15 (9.9) 

 
 
0.91 

 
671 (85.7) 
30 (3.8) 
82 (10.5) 

 
54 (90.0) 
3 (5.0) 
3 (5.0) 

 
135 (84.9) 
5 (3.1) 
19 (12.0) 

 
 
0.63 

Year of 
diagnosis 
  2010 
  2011 
  2012 
  2013 
  2014 
  2015 
  2016 

 
 
16 (1.5) 
63 (6.3) 
130 (13.0) 
205 (20.4) 
201 (20.1) 
204 (20.4) 
183 (18.3) 

 
 
6 (1.9) 
21 (6.7) 
31 (9.9) 
58 (18.6) 
71 (22.8) 
63 (20.2) 
62 (19.9) 

 
 
6 (1.1) 
34 (6.3) 
69 (12.8) 
112 (20.8) 
102 (19.0) 
120 (22.3) 
95 (17.7) 

 
 
4 (2.63) 
8 (5.3) 
30 (19.7) 
35 (23.0) 
28 (18.4) 
21 (13.8) 
26 (17.1) 

 
 
 
 
0.13 

 
 
11 (1.4) 
55 (7.0) 
103 (13.2) 
163 (20.8) 
156 (19.9) 
161 (20.6) 
134 (17.1) 

 
 
2 (3.3) 
0 (0.0) 
2 (3.3) 
4 (6.7) 
15 (25.0) 
20 (33.3) 
17 (28.3) 

 
 
3 (1.9) 
8 (5.0) 
25 (15.7) 
38 (23.9) 
30 (18.9) 
23 (14.5) 
32 (20.1) 

 
 
 
 
<0.001 
 

LVI 
  No 
  Yes 
  Unknown  

 
408 (40.7) 
434 (43.3) 
160 (16.0) 

 
125 (40.1) 
139 (44.5) 
48 (15.4) 

 
222 (41.3) 
227 (42.2) 
89 (16.5) 

 
61 (40.1) 
68 (44.7) 
23 (15.1) 

 
0.96 
 

 
320 (40.9) 
337 (43.0) 
126 (16.1) 

 
26 (43.3) 
27 (45.0) 
7 (11.7) 

 
62 (39.0) 
70 (44.0) 
27 (17.0) 

 
0.90 
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  Smoking status Alcohol Status 

 Total 
number  

Never Former Current P-
value 

Never Former 
heavy 

Current 
heavy 

P-
value  

CRM 
  Negative 
  Positive 
  Unknown 

 
591 (59.0) 
236 (23.5) 
175 (17/5) 

 
180 (57.7) 
79 (25.3) 
53 (17.0) 

 
311 (57.8) 
129 (24.0) 
98 (18.2) 

 
100 (65.8) 
28 (18.4) 
24 (15.8) 

 
0.40 

 
455 (58.1) 
196 (25.0) 
132 (16.9) 

 
34 (56.7) 
12 (20.0) 
14 23.3) 

 
102 (64.2) 
28 (17.6) 
29 (18.2) 

 
0.22 

Differentiati
on 
  Well/M 
  M-P/Poor 
  Unknown 

 
 
333 (33.2) 
504 (50.3) 
165 (16.5) 

 
 
97 (31.1) 
169 (54.2) 
46 (14.7) 

 
 
176 (32.7) 
267 (49.6) 
95 (17.7) 

 
 
60 (39.5) 
68 (44.7) 
24 (15.8) 

 
 
0.26 

 
 
252 (32.2) 
397 (50.7) 
134 (17.1) 

 
 
24 (40.0) 
29 (48.3) 
7 (11.7) 

 
 
57 (35.9) 
78 (49.1) 
23 (15.1) 

 
 
0.60 

Surgical T 
stage 
  T1/1a/1b 
  T2 
  T3 
  T4 
  Unknown 

 
 
41 (4.1) 
180 (18.0) 
664 (66.3) 
48 (4.8) 
69 (6.9) 

 
 
14 (4.5) 
61 (19.6) 
200 (64.1) 
22 (7.0) 
15 (4.8) 

 
 
25 (4.7) 
87 (16.2) 
363 (67.5) 
20 (3.7) 
43 (8.0) 

 
 
2 (1.3) 
32 (21.0) 
101 (66.5) 
6 (4.0) 
11 (7.2) 

 
 
 
0.09 

 
 
30 (3.8) 
132 (16.9) 
519 (66.3) 
43 (5.5) 
59 (7.5) 

 
 
2 (3.3) 
15 (25.0) 
42 (70.0) 
0 (0.0) 
1 (1.7) 

 
 
9 (5.7) 
33 (20.8) 
103 (64.8) 
5 (3.1) 
9 (5.7) 

 
 
 
0.15 

Surgical N 
stage 
  N0 
  N1-3 
  Unknown 

 
 
321 (32.0) 
608 (60.7) 
73 (7.3) 

 
 
110 (35.3) 
182 (58.3) 
20 (6.4) 

 
 
173 (32.2) 
327 (60.8) 
38 (7.1) 

 
 
38 (25.0) 
99 (65.1) 
15 (9.9) 

 
 
0.21 

 
 
246 (31.4) 
475 (60.7) 
62 (7.9) 

 
 
25 (41.7) 
30 (50.0) 
5 (8.3) 

 
 
50 (31.4) 
103 (64.8) 
6 (3.8) 

 
 
0.16 

Cardiovascu
lar disease 
  No 
  Yes 

 
 
672 (67.1) 
330 (32.9) 

 
 
218 (69.9) 
94 (30.1) 

 
 
344 (63.9) 
194 (36.1) 

 
 
110 (72.4) 
42 (27.6) 

 
 
0.07 

 
 
532 (68.0) 
251 (32.1) 

 
 
35 (58.3) 
25 (41.7) 

 
 
105 (66.0) 
54 (34.0) 

 
 
0.30 
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  Smoking status 
 

Alcohol Status 

 Total 
number  

Never Former Current P-
value 

Never Former 
heavy 

Current 
heavy 

P-
value  

Cerebrovas
cular 
disease 
  No 
  Yes 

 
 
 
960 (95.8) 
42 (4.2) 

 
 
 
301 (96.5) 
11 (3.5) 

 
 
 
515 (95.7) 
23 (4.3) 

 
 
 
144 (94.7) 
8 (5.3 

  
 
 
0.67 

 
 
 
755 (96.4) 
28 (3.6) 

 
 
 
60 (100) 
0 (0.0) 

 
 
 
145 (91.2) 
14 (8.8) 

 
 
 
0.00 

Liver 
disease 
  No 
  Yes 

 
 
995 (99.3) 
7 (0.7) 

 
 
312 (100) 
0 

 
 
535 (99.4) 
3 (0.6) 

 
 
148 (97.4) 
4 (2.6) 

 
 
<0.00
1 

 
 
779 (99.5) 
4 (0.5) 

 
 
60 (100) 
0 (0.0) 

 
 
156 (98.1) 
3 (1.9) 

 
 
0.13 

Other 
cancers 
  No 
  Yes 

 
 
920 (91.8) 
82 (8.2) 

 
 
285 (91.3) 
27 (8.7) 

 
 
496 (92.2) 
42 (7.8) 

 
 
139 (91.5) 
13 (8.5) 

 
 
0.90 

 
 
720 (92.0) 
63 (8.0) 

 
 
58 (96.7) 
2 (3.3) 

 
 
142 (89.3) 
17 (10.7) 

 
 
0.20 

Treatment 
receipt 
CR+Surgery 
Surgery only 
CR only 

 
 
820 (81.8) 
158 (15.8) 
24 (2.4) 

 
 
254 (81.4) 
51 (16.4) 
7 (2.2) 

 
 
436 (81.0) 
88 (16.4) 
14 (2.6) 

 
 
130 (85.5) 
19 (12.5) 
3 (2.0) 

 
 
0.28 
 
 

 
 
645 (82.4) 
120 (15.3) 
18 (2.3) 

 
 
49 (81.7) 
11 (18.7) 
0 (0.0) 

 
 
126 (79.3) 
27 (16.9) 
6 (3.8) 

 
 
0.50 
 
 

Abbreviations: CR: Chemo-radiotherapy, CRM: Circumferential resection margin, LVI: Lymphovascular invasion, M-P/Poor: 
Moderately-Poor or Poorly differentiated, Well-M/M: Well-Moderate or Moderately differentiated.  
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4.4.2 Survival analysis 

Of the 1,002 patients included within this study, 450 patients died at the end of study 

follow-up, of whom 381 died due to oesophago-gastric cancer. There was a mean 

follow-up of 2.5 years (SD 1.5 years) and the range of follow up was 0.1-7.3 years.  

4.4.2.1 Cigarette smoking 

Cancer-specific survival results are presented in Table 4.3. These demonstrate a 

pattern of a worse survival in former smokers and current smokers in comparison to 

never smokers. However, none of these results reached a level of statistical 

significance. These demonstrated a dose response association with all categories 

demonstrating a worse survival in current smokers than former smokers.  In fully 

adjusted analysis, which included adjustment for the patients alcohol status there 

was a 14% non-significant increased risk of mortality in former smokers (HR 1.14 95% 

CI 0.90-1.45) compared to never smokers and a 25% non-significant increased risk of 

mortality in current smokers (HR 1.25 95% CI 0.90-1.72) compared to never smokers.  

In overall survival analysis, the results mirrored those seen for cancer specific 

survival. There was a pattern of worse survival in former and current smokers in 

comparison to never smokers, but the majority of these results did not reach a level 

of statistical significance. This was a dose responsive association in that current 

smokers had a worse survival than former smokers. In fully adjusted analysis, which 

included adjustment for the patient’s alcohol consumption status, there was a 10% 

non-significant increased risk of mortality in former smokers (HR 1.10 95% CI 0.88-

1.37) compared to never smokers. In the same adjusted analysis, there was a 35% 

increased risk of mortality in current smokers in comparison to never smokers and 

these results reached statistical significance (HR 1.35 95%CI 1.01-1.81; p=0.04). These 

results are presented in Table 4.4.   

4.4.2.2 Alcohol consumption 

In cancer-specific survival analysis there was a trend of improved survival in both 

former and current heavy alcohol drinkers in comparison to never alcohol drinkers. 

This demonstrated a dose-dependent association with an improved survival in 

former heavy drinkers compared to current heavy drinkers. However, none of these 

results reached a level of statistical significance. For example, in fully adjusted 
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analysis which included the patient’s smoking status, there was a 25% non-significant 

decreased risk of mortality in former heavy alcohol drinkers (HR 0.75 95% CI 0.45-

1.25) and a 16% non-significant decreased risk of mortality in current heavy alcohol 

drinkers (HR 0.84 95% CI 0.62-1.14) in comparison to never alcohol drinkers. These 

results are presented in Table 4.3.   

In overall survival, results were very similar to those seen for cancer-specific survival. 

Once again there was a trend of improved survival in former and current drinkers 

compared to never alcohol drinkers but none of the results reached a level of 

statistical significance. These results are presented in Table 4.4.  

4.4.3 Sensitivity analysis 

Sensitivity analysis was performed which included only patients who were followed 

up for a year or more. The results for the survival analyses across categories of 

smoking exposure mirrored those seen when all patients were included. In cancer-

specific survival analysis, there was the same pattern of an increased risk of mortality 

in former and current smokers compared to non-smokers, but hazard ratios were 

enhanced in all categories in comparison to the results which included all patients. 

For example, in fully adjusted analysis which included the patient’s alcohol status 

there was a 28% and 41% increased risk of mortality in former and current smokers 

in comparison to never smokers. This was in comparison to a 14% and 25% increased 

risk of mortality in the mirrored results when all patients were included. These results 

are presented in Table 4.3.  

In overall survival analysis, a similar pattern was seen with enhanced hazard ratios 

when comparing outcomes in former and current smokers to never smokers. In 

adjusted analysis with the patient’s alcohol status excluded there was a 52% 

significantly increased risk of mortality in current smokers (HR 1.52 95% CI 1.09-2.12) 

compared to never smokers and when alcohol status was included in the adjustments 

this increased to a 61% increased risk of mortality (HR 1.61 95% CI 1.14-2.25). These 

results are presented in Table 4.4  

In sensitivity analysis across categories of alcohol exposure the results for both 

cancer-specific survival and overall survival mirrored those seen when all patients 
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excluded. None of the corresponding hazard ratios altered by more than 0.1 and no 

results reached a level of statistical significance. These results are presented in Tables 

4.3 and 4.4.  
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a adjusted for age at diagnosis and sex 
b adjusted for age at diagnosis, sex, tumour differentiation, clinical T stage, clinical nodal stage, lymphovascular status, circumferential resection margin, ECOG status, 
cardiovascular disease, cerebrovascular disease, other cancers, and liver disease in the alcohol analysis 
C adjusted for same as b and also adjusted alcohol status in smoking analysis and smoking status in alcohol analysis 
x cancer-specific survival analysis in the patients who were followed up for one year or more 
 

Table 4.3 Cancer specific survival analysis across categories of smoking and alcohol status in patients with oesophageal adenocarcinoma 

 Dead 
 
 

Alive  
 
 

Unadjusted 
hazard ratio  
(95% CI) 

P-value Adjusted  
hazard ratioa  
(95% CI)  

P-value Adjusted  
hazard ratiob  
(95% CI) 

P-
value 

Adjusted  
hazard ratioc  
(95% CI) 

P-value  

Cancer-specific survival 381 621         
Never alcohol 113 199 1.00        
Former heavy alcohol 207 331 0.76 (0.46-1.25) 0.28 0.75 (0.45-1.24) 0.26 0.78 (0.47-1.30) 0.34 0.75 (0.45-1.25) 0.27 
Current heavy alcohol 61 91 0.79 (0.59-1.07) 0.12 0.79 (0.59-1.06) 0.11 0.87 (0.64-1.18) 0.36 0.84 (0.62-1.14) 0.26 
           
Never smoker 313 470 1.00  1.00  1.00    
Former smoker 16 44 1.07 (0.85-1.34) 0.58 1.07 (0.85-1.35) 0.58 1.11 (0.88-1.41) 0.38 1.14 (0.90-1.45) 0.28 
Current smoker 52 107 1.08 (0.79-1.48) 0.61 1.08 (0.79-1.48) 0.62 1.19 (0.87-1.63) 0.28 1.25 (0.90-1.72) 0.18 
           
Cancer- specific survivalX  294 567         
Never alcohol 243 430 1.00  1.00  1.00  1.00  
Former heavy alcohol 12 37 0.76 (0.42-1.35) 0.35 0.74 (0.42-1.33) 0.32 0.76 (0.42-1.36) 0.35 0.70 (0.39-1.27) 0.24 
Current heavy alcohol 39 10 0.76 (0.54-1.07) 0.11 0.75 (0.54-1.06) 0.10 0.87 (0.61-1.23) 0.43 0.82 (0.58-1.17) 0.28 
           
Never smoker 82 179 1.00  1.00  1.00  1.00  
Former smoker 164 305 1.17 (0.90-1.53) 0.25 1.18 (0.90-1.55) 0.23 1.25 (0.95-1.63) 0.12 1.28 (0.98-1.70) 0.08 
Current smoker 48 83 1.17 (0.82-1.68) 0.38 1.17 (0.82-1.67) 0.39 1.34 (0.93-1.93) 0.11 1.41 (0.98-2.04) 0.07 
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a adjusted for age at diagnosis and sex 
b adjusted for age at diagnosis, sex, tumour differentiation, clinical T stage, clinical nodal stage, lymphovascular status, circumferential resection margin, ECOG status, 
cardiovascular disease, cerebrovascular disease, other cancers, and liver disease in the alcohol analysis 
C adjusted for same as b and also adjusted alcohol status in smoking analysis and smoking status in alcohol analysis 
y overall survival analysis in the patients who were followed up for one year or more. 

 

Table 4.4 Overall survival analysis across categories of smoking and alcohol exposure in patients with oesophageal adenocarcinoma 

 Dead 
 
 

Alive  
 
 

Unadjusted 
hazard ratio  
(95% CI) 

P-value Adjusted  
hazard ratioa  
(95% CI)  

P-value Adjusted  
hazard ratiob  
(95% CI) 

P-value Adjusted  
hazard ratioc  
(95% CI) 

P-value  

Overall survival 450 552         
Never alcohol 365 418 1.00  1.00  1.00  1.00  
Former heavy alcohol 19 41 0.78 (0.49-1.23) 0.28 0.77 (0.48-1.22) 0.26 0.81 (0.51-1.30) 0.38 0.78 (0.49-1.25) 0.49 
Current heavy alcohol 66 93 0.87 (0.67-1.13) 0.28 0.85 (0.66-1.11) 0.24 0.92 (0.70-1.20) 0.53 0.87 (0.66-1.15) 0.34 
           
Never smoker 132 180 1.00  1.00  1.00  1.00  
Former smoker 249 298 1.06 (0.86-1.31) 0.60 1.04 (0.84-1.28) 0.74 1.07 (0.86-1.34) 0.52 1.10 (0.88-1.37) 0.41 
Current smoker 78 74 1.19 (0.90-1.57) 0.23 1.19 (0.90-1.57) 0.23 1.30 (0.98-1.74) 0.07 1.35 (1.01-1.81) 0.04 
           
Overall survival y 337 524         
Never alcohol 278 395 1.00  1.00  1.00  1.00  
Former heavy alcohol 13 36 0.73 (0.42-1.27) 0.27 0.72 (0.41-1.25) 0.24 0.74 (0.42-1.30) 0.30 0.68 (0.38-1.20) 0.18 
Current heavy alcohol 46 93 0.78 (0.57-1.07) 0.13 0.77 (0.56-1.06) 0.11 0.87 (0.63-1.20) 0.40 0.81 (0.58-1.12) 0.20 
           
Never smoker 91 170 1.00  1.00  1.00  1.00  
Former smoker 186 283 1.20 (0.93-1.54) 0.16 1.19 (0.92-1.54) 0.18 1.25 (0.97-1.62) 0.09 1.30 (1.00-1.69) 0.05 
Current smoker 60 71 1.32 (0.95-1.83) 0.09 1.31 (0.95-1.82) 0.18 1.52 (1.09-2.12) 0.02 1.61 (1.14-2.25) 0.01 
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4.5 Discussion 
This UK wide prospective cohort study has demonstrated that former and current 

cigarette smoking is associated with reduced overall survival in patients with 

oesophageal adenocarcinoma, compared to non-smokers. Poorer cancer-specific 

survival was also observed for oesophageal adenocarcinoma patients who were 

smokers, but results did not reach a level of statistical significance. There was no 

association found between alcohol consumption and survival in this patient cohort. 

Our findings in this study somewhat contradict those previously reported in Chapters 

two and three. The systematic review performed in Chapter 2 demonstrated no 

association between cigarette smoking and survival in oesophageal adenocarcinoma 

in both the individual studies included and the meta-analysis results134,135,136,137. 

However, only a maximum of two studies were able to be combined in any of the 

meta-analyses performed due to the different methodology used across studies, and 

this may have contributed to the results. The included studies also had significant 

methodological shortcomings including low study numbers, retrospective study 

design introducing the potential for recall bias, and the inclusion of patients with all 

stages of disease. For example, in the study by Spreafico et al, 78% of the included 

patients had locally advanced or metastatic disease134.  

The study performed in Chapter 3 demonstrated a trend of a worsened survival in 

oesophageal adenocarcinoma patients who were both former or current smokers but 

none of these results reached a level of statistical significance in either adjusted 

cancer-specific or overall survival analysis. The inclusion of only 130 patients 

decreased the power of this study and therefore results need to be interpreted with 

caution. However, there were positive differences in this study’s methodology in 

comparison to those studies identified in the systematic review. For example, it only 

included patients who were managed with curative intent in the form of neo-

adjuvant treatment followed by surgical resection and therefore had the predicted 

longest survival within oesophageal adenocarcinoma patients. By including these 

patients there is an increased likelihood of detecting a difference in survival across 

smoking categories if one exists. There were some patients for which tumour tissue 
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was not available post-chemotherapy and this introduced a degree of bias to this 

study as these patients were excluded from the study.  

This current study mirrored the methodology in Chapter 3 by only including patients 

undergoing curative treatment and eliminated the issue of low study numbers by 

including 1002 patients in the final analysis. The recruitment of this large sample size 

enabled sensitivity analysis to be performed. This analysis excluded patients who 

were followed up for less than one year. The aim of this analysis was to exclude 

patients who may have had a reduced survival time due to a complication of their 

surgery. There was a similar approach taken in chapter 3 but only patients followed 

up less than 30 days were excluded as final numbers would have been decreased too 

much. It is well recognised that cigarette smoking is associated with higher surgical 

complications and by including these patients in the survival analyses results may be 

biased. Interestingly, all hazard ratios were enhanced when patients followed up for 

more than one year were included. Another reason for this may be that as previously 

alluded to that it is difficult to identify true differences in survival across short survival 

times.  

Different methods of recording smoking exposure were used across the studies 

identified and this may also have contributed to a difference in results between 

studies. Within this study smoking status was divided into current, former and never 

smoking. This was evaluated through a questionnaire at time of diagnosis which was 

more robust than the methods used in Chapter 3 but still did have short-comings. For 

example, the definition of being a former smoker was not stated and therefore this 

introduces the risk of bias as patients may simply classify themselves as former 

smokers if they decided to cease smoking on the day of their cancer diagnosis. There 

was also no quantification of the amount of smoking exposure to enable survival 

analysis across light, moderate and heavy categories to investigate the impact of 

dosage on survival. Within chapter 3, the same groupings were used to classify a 

patient’s smoking status. In the studies included in the meta-analysis, Triver et al137 

compared outcomes between never and ever smokers and Sundelof et al135 divided 

smoking status into never, ex-smoker and current smoker with an ex-smoker defined 

as someone who had quit within the last two years. Thrift et al136 used smoking status 
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one year prior to diagnosis for their analysis as well as calculating pack years of 

smoking from the history provided by the patient and Spreafico et al134 assessed 

survival for every unit increase in smoking pack years prior to their oesophageal 

cancer diagnosis. Ideally smoking data should be collected prospectively in large 

cohort studies, but these studies have the disadvantage of being costly and take years 

before data can be analysed and results are available.  

The non-significant results when investigating the association between cigarette 

smoking and cancer-specific survival in oesophageal adenocarcinoma were 

somewhat surprising given that smoking is associated with the development of this 

malignancy. The results for overall survival were expected given the multiple health 

conditions associated with smoking. The non-significant results obtained in the 

survival analysis across categories of alcohol consumption are less surprising given 

that alcohol is not a risk factor for the development of oesophageal adenocarcinoma 

and therefore hypothetically less likely to impact on survival than smoking.  

Only four other studies have investigated the association between alcohol 

consumption and survival in oesophageal adenocarcinoma. Three of these studies 

were identified in the systematic review in Chapter 2 and the other study was 

performed in Chapter 3135,136,137. Only a maximum of two studies were able to be 

combined in the meta-analyses but there was no associated difference in survival 

across any of the categories of alcohol consumption. However, these results should 

be interpreted cautiously due to methodological shortcoming in individual studies 

including small sample sizes, retrospective study designs and the inclusion of a 

significant number of patients with advanced disease. In the study in chapter three 

there was a trend of worsened survival in ever versus never smokers but in adjusted 

analysis none of these results reached a level of statistical significance. These results 

also require cautious interpretation primarily due to the small study size and also due 

to the broadly classified alcohol exposure status of ever and never drinkers. 

In this study, analysis was performed using the categories of never drinkers, former 

heavy drinkers and current heavy drinkers. Heavy alcohol consumption was classified 

as 21 units or more a week for males and 14 units or more for females. There were 

significant variations in how alcohol exposure was assessed in the studies from the 
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meta-analysis. In the three studies within the systematic review, Trivers et al137 

grouped patients into ever and never drinkers, Thrift et al 136recorded alcohol 

consumption at ages 20-29, 30-49 and >50 and used these levels to calculate a 

weighted average number of standard drinks (10g of ethanol) consumed per week 

between 20 and age at diagnosis and Sundelof et al 135recorded alcohol intake based 

on consumption 20 years prior to the questionnaire and was divided into never, 1-

15g per week, 16-70g per week and more than 70g per week. Despite these 

differences in methodology the results across the studies were similar with no 

significant association between alcohol consumption and oesophageal 

adenocarcinoma survival. These different methods of measuring alcohol 

consumption resulted in categories to be classified as ever versus never drinkers and 

light, moderate and heavy alcohol consumption versus light or never alcohol 

consumption in the meta-analysis.  

Accurate assessment of alcohol consumption is important in order to produce 

reliable results, especially as other studies on the impact of alcohol consumption on 

survival have shown that results are very much dose related. For example, there has 

been shown to be a J-shaped relationship between alcohol intake and mortality from 

cardiovascular disease whereas even light-moderate alcohol intakes have been 

shown to be associated with an increased risk of some cancers216. The majority of 

studies conducted a one-off assessment of a patient’s alcohol status at baseline to 

perform survival analysis, but this does not accurately inform investigators of a 

patient’s lifetime alcohol exposure. By measuring lifetime alcohol exposure it is easier 

to separate former and current drinkers and give an overall more comprehensive 

understanding of a patients alcohol exposure216. For example, a patient who was a 

heavy drinker at baseline may only have been so for a limited time period and 

therefore by classifying them as a heavy drinker introduces bias to the study.  

This study has several strengths. It is a multicentre study from across the UK and with 

3,930 patients at the outset and 1002 patients included in the final analysis it is easily 

the largest identified study to date which examines the association between cigarette 

smoking and alcohol consumption on survival in oesophageal adenocarcinoma 

patients. The previously largest study performed included 564 patients and this 
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highlights the extent to which this study adds to the current evidence pool. Data was 

collected at time of diagnosis which facilitated temporal analysis of the association 

between lifestyle exposures and survival. Lastly, only patients who underwent 

attempted curative treatment were included, meaning of all patients with 

oesophageal adenocarcinoma this cohort had the predicted longest survival and 

therefore if there is a true difference in survival it is most likely to be identified in this 

grouping.  

The main limitation to this study is the exclusion of 779 patients who were excluded 

due to incomplete follow up data being available. When this data becomes available, 

further statistical analysis will be performed and this will strengthen this study 

further. Only patients who were treated with curative intent, the majority of whom 

underwent surgical resection, raises the possibility of excluding some patients with 

early stage tumours who were unfit for surgery, which may skew the results. 

Furthermore, a range of neo-adjuvant treatment modalities were administered 

which had the potential to impact on survival. In our survival analysis we did not 

adjust for this. This study only measured alcohol exposure at a specific point in time 

and classified patients into former heavy or current heavy drinkers and did not 

categorise into light or moderate alcohol consumption. Therefore, the impact of 

alcohol dose on survival in this cohort of patients could not be assessed. 
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4.6 Future research recommendations  
Given the contradictory findings, further studies are required to help conclude if 

cigarette smoking in particular is associated with survival in patients with 

oesophageal adenocarcinoma. In the first instance this could be an extension of this 

study when follow-up data is available for a greater proportion of the patients 

enrolled within the OCCAMS consortium. The trends identified within this study 

highlight the necessity for similar studies such as the MPE design in chapter three and 

this set of data would be ideal to perform a similar analysis. This is currently being 

undertaken by my supervisory team and the plan is for these results to be available 

within the next five years. This study does not answer if smoking cessation or 

stopping alcohol consumption following an oesophageal adenocarcinoma diagnosis 

impacts on patient survival and future studies should also focus on this. This would 

require the comparison of outcomes between those who choose to stop smoking or 

cease alcohol consumption and those who continue. A randomised controlled would 

be unethical given that all patients should be encouraged to alter these lifestyle 

habits.  
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4.7 Conclusion 
This study has demonstrated that in patients with oesophageal adenocarcinoma, 

cigarette smoking is associated with poorer overall, but not cancer-specific, survival 

in current smokers compared to never smokers. This is contrast to the findings in 

chapters 2 and 3 which have not demonstrated any association between cigarette 

smoking and survival in oesophageal adenocarcinoma. There was no significant 

results to demonstrate that alcohol consumption is associated with survival in 

oesophageal adenocarcinoma patients but there was a trend of improved survival 

and this contrasts with the results in chapter three which demonstrated a non-

significant worsened survival in ever versus never drinkers.    
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5 Vitamin D receptor as a marker of 
prognosis in oesophageal 
adenocarcinoma: a prospective cohort 
study 
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5.1 Introduction 
Vitamin D is a secosteroid and is classically recognised for its role in calcium and 

phosphate metabolism.  Adequate vitamin D levels are essential to maintain bone 

and muscle strength with deficiency leading to the development of rickets, 

osteomalacia and impaired muscle function85. However, there is also evidence 

demonstrating that vitamin D plays a role in the aetiology and prognosis of various 

cancers through its interaction with the vitamin D receptors (VDR). Within this 

chapter, the physiology, methods of measuring, reference ranges, and the impacts 

on the hallmarks of cancer of vitamin D are discussed. The most up-to-date evidence 

surrounding the role of vitamin D on carcinogenesis and prognosis is also discussed 

followed by the methods, results and discussion of this study. 

5.1.1 Physiology of vitamin D 

Approximately 90% of vitamin D is synthesised in the skin from 7-dehydrocholesterol 

following exposure to ultra-violet B (UVB) light, whilst the remaining 10% is ingested 

in food in the form of cholecalciferol (D3) from animal foods such as fish and eggs 

and ergocalciferol (D2) from plants85.  

Vitamin D itself is inactive and can be classified as a pre-hormone whilst its active 

form, 1,25-dihydroxyvitamin D (1,25(OH)2D) can be considered a hormone which 

exerts its affects at the VDR. The formation of 1,25(OH)2D is caused by the 

hydroxylation firstly of vitamin D to 25-hydroxyvitamin D (25(OH)D) in the liver and 

then to 1,25(OH)2D in the kidney. This pathway is illustrated inTable 5.185. 

Cytochrome P450 (CYP) enzymes are catalysts in this process with CYP2R1 and 

CYP27A1 involved in the production of 25(OH)D and CYP27B1 involved in the 

production of 1,25(OH)2D217,218. Other CYP enzymes  are involved in the degradation 

of these vitamin D metabolites and the interaction of CYP24A1 with 1,25(OH)2D is 

one such example217. 
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Figure 5.1 Pathway of vitamin D metabolism (adapted from P Lips vitamin D 
physiology85).  

5.1.2 Measurement of vitamin D  

Measurements of vitamin D should reflect the total amount of vitamin D that is 

available for cellular use within the body and results should be reproducible to enable 

accurate comparisons between studies to be made219. Various methods of measuring 

vitamin D have been described but the most commonly measured aspect is 

circulating levels of 25(OH)D in serum220. Although 1,25(OH)2D is the active form of 

vitamin D, this is not considered to be an accurate method of assessing vitamin D 

levels as it has a half-life of less than 4 hours and is tightly regulated by factors such 

as parathyroid hormone221. Even in cases of vitamin D deficiency, the 1,25(OH)2D 

levels may be normal through upregulation of CYP27B1221.  

Measuring serum 25(OH)D levels still has limitations. It has a half-life of about 2-3 

weeks and, therefore only gives a short-term reflection of a person’s vitamin D 

status222. A single one-off reading will be impacted upon by the season of blood draw 

with lower UVB exposure in the winter months (for individuals residing in Northern 

latitudes) with a resultant decreased 25(OH)D serum level as has been discussed in 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwj54sX37fTWAhWCvBoKHWRBCtkQjRwIBw&url=http://jamanetwork.com/journals/jama/fullarticle/1104979&psig=AOvVaw0EBEGBina2CSxR5qTvuMJt&ust=1508233279087796
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section x. Furthermore, the measurement of 25(OH)D does not account for stored 

vitamin D in fat or muscle, and the accuracy of the result may also be affected by 

other variables including underlying inflammation (which can cause apparent 

decreased levels), the assay used for the test, and variations between 

laboratories223,224. These factors should be kept in mind when interpreting studies 

investigating vitamin D and its role in cancer development and outcomes, as results 

may be subject to bias.  

Several laboratory tests are used to measure serum 25(OH)D levels with advantages 

and disadvantages of each test. The two most frequently used laboratory techniques 

are antibody-based methods (immunoassays and protein binding assays) and liquid 

chromatography (LC). The former methods are cheaper and have been the test of 

choice over the past 20-30 years but have the disadvantage of producing results 

which are dependent on the assay used to perform the test225. This variation in results 

was demonstrated by The Vitamin D External Quality Assurance Scheme (DEQAS) 

which compared results of 25(OH)D across approximately 700 laboratories and have 

shown that results vary between laboratories by 15-20% depending on the type of 

assay used226. LC assays use a tandem mass spectrometer (LC-MS/MS) which has the 

advantage of being able to produce readings individually for 25(OH)D2 and 25(OH)D3 

and although the costings are higher this technique has better reproducibility and is 

believed to represent the future gold standard for measuring 25(OH)D levels225. 

The study design is also important when interpreting results on the impact of vitamin 

D on cancer incidence and outcomes. Case-control studies should be interpreted with 

caution as this would suggest the blood sample to measure the vitamin D level is 

taken following a cancer diagnosis in the case population. This introduces the 

potential for reverse causation, whereby cancer patients have lower vitamin D status 

due to reduced sunlight exposure due to illness/lack of mobility and hospitalisation, 

and/or dietary changes. The use of a prospective study design or nested case-control 

study which use blood samples to record the vitamin D level before a cancer diagnosis 

has been made and therefore the impact that diagnosis may have on the vitamin D 

level as seen in case-control studies is unlikely.  
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5.1.3 Vitamin D deficiency 

The level at which a patient is deemed to be vitamin D deficient differs depending on 

the health outcome under investigation and recommended ranges have varied from 

12.5nmol/l and 120nmol/l227. A serum 25(OH)D level of 25nmol/l and above is 

recommended in the UK to enable musculoskeletal health and prevent conditions 

such as rickets and osteomalacia228. However, in the US the Institute of Medicine 

found that for 97.55% of the normal healthy population to have sufficient vitamin D 

levels for bone health that serum 25(OH)D levels of 50nmol/l are required228. The 

Endocrine Society Task Force on Vitamin D agreed with this cut-off but felt that in 

order to maximise the effect of vitamin D on bone health, serum 25(OH)D levels 

should be over 75nmol/l229.  

The main cause of vitamin D deficiency is decreased exposure to sunlight although 

the intensity of UVB exposure is as important as the amount of time exposed to 

sunlight230. Latitude is an obvious determining factor of adequate UVB radiation 

exposure and in the Northern Hemisphere, latitudes below 37 degrees north provide 

sufficient sunlight for vitamin D synthesis all year round231. However, the precise 

correlation between latitude and vitamin D status remains equivocal232.  

Although exposure to UVB light can help to achieve adequate vitamin D levels, 

prolonged sun exposure without sunscreen is a hazard due to the risk of developing 

skin cancer. Sunlight exposure during the hours of 11am-3pm is the optimum time 

for vitamin D production but it is also the time at which sunlight exposure may cause 

the most harm. However, the UK National Institute for Clinical Excellence (NICE) 

guidelines state that 10-20 minutes of sunlight exposure outside of the hours of 11am 

and 3pm should be adequate to produce the necessary vitamin D levels and therefore 

the majority of people going about their daily activities should have adequate 

exposure to produce sufficient levels of vitamin D233. In the UK this is only applicable 

for the months April to September due to seasonal variations and so vitamin D 

supplements are recommended outside of these months233,230. In the USA and 

Canada some foods are now fortified with vitamin D to tackle the issue of vitamin D 

deficiency234. It should also be noted however that excess vitamin D can cause 
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hypercalcaemia leading to damage of the renal and cardiovascular systems235, 

although extremely high doses would be required to achieve such a negative effect. 

Other factors which contribute to vitamin D deficiency include a patient’s race and 

body composition236,237. Dark skinned people require a much greater exposure to 

UVB to form the same levels of vitamin D due to melanin filtering out UVB radiation, 

while those with an increased BMI tend to have lower 25(OH)D levels due to 

sequestration in fatty compartments236,237,. 

Studies have also been performed to assess if people have a genetic predisposition 

to vitamin D deficiency. Ahn et al performed a genome-wide association study of 

circulating vitamin D levels in 4501 persons of European ancestry to identify if genetic 

variants exist that impact upon the circulating levels of 25(OH)D238. This group found 

that variants in the GC, the NADSYN1/DHCR7 locus and CYP2R1 gene are associated 

with serum 25(OH)D levels. Although there are limitations to this study including a 

single blood sample at one point in time and different laboratory techniques to 

record 25(OH)D levels, the findings suggest genetic variations may play a role in 

vitamin D deficiency and further investigations are required238.  

5.1.4 Vitamin D receptors 

Vitamin D, through a chain of events contributes to the regulation of gene 

transcription. This is demonstrated in Figure 5.2239. Ultimately vitamin D therefore 

has the potential to impact upon the hallmarks of cancer as discussed below in 

section 5.1.5240. Although the study of vitamin D in cancer incidence and outcome is 

important, the study of VDR in this regard has greater biological plausibility as vitamin 

D status may be insufficient if there are inadequate VDR for circulating vitamin D to 

combine with and exert its influence. Furthermore, quantifying VDR expression in 

tissue overcomes limitations associated with circulating vitamin D levels, such as 

confounding from a generally healthy lifestyle or season of blood draw impacting on 

results. There are also external factors which impact on VDR expression such as the 

patient’s vitamin D and calcium level and their age241, 242. 

VDR expression varies significantly throughout the body. Given the significant role of 

vitamin D in calcium and phosphate metabolism, it is not surprising that cells in the 
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parathyroid, renal tubules, large and small bowel all express high levels of VDR241. 

However, other organs including the pancreas, breast, prostate, ovaries and lungs 

have also been shown to express VDR, but their role in in these organs which are not 

involved in calcium and phosphate metabolism is less well understood243. In contrast 

with studies showing no expression of VDR in normal oesophageal mucosa, VDR 

expression has been evidenced in Barrett’s oesophagus and oesophageal 

adenocarcinoma tissue, therefore suggesting that VDR may play a role in the 

pathogenesis of this malignancy114.  It is important therefore to understand the basic 

science of vitamin D, VDR and carcinogenesis and this is discussed below in Section 

5.1.5.  

 

Figure 5.2  Process whereby vitamin D combines with the VDR and contributes to 
gene coding244 

5.1.5 Impact of the activation of vitamin D receptors on the hallmarks of 
cancer 

The mechanisms behind the anti-cancer effects of vitamin D combining with the VDR 

have been investigated extensively but there are still gaps in the knowledge base and 

it is not totally understood. A concise overview of the current understanding is 

presented below and some of mechanisms are presented in Figure 5.3.    
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• Apoptosis: Animal studies have demonstrated that VDR has the capabilities 

to regulate apoptosis by enhancing and down regulating pro-apoptotic and 

anti-apoptotic genes respectively245.   

 

• Inflammation: Chronic inflammation is a key component which enables 

cancer cells to thrive. VDRs have anti-inflammatory capabilities and one 

recognised mechanism is reducing prostaglandin production through the 

regulation of cyclooxygenase expression245.  

 

• Angiogenesis: Activation of VDR suppresses angiogenesis by decreasing the 

expression of vascular endothelial growth factors and interleukin-8 which are 

both key regulators in the process of angiogenesis246. Animal studies have 

confirmed these findings by showing an increased expression of these 

angiogenesis regulators when the VDR gene was knocked off245. 

 

• Cell proliferation: Some of the mechanisms by which VDR contributes to the 

control of cell proliferation include promoting inhibitors of cyclin proteins 

such as p21 and p27, preventing signals from growth factors such as insulin-

like growth factor 1, and the suppression of proto-oncogenes such as MYC245. 

 

• Cell differentiation: Activation of VDR enhances the pathways involved in cell 

differentiation by controlling transcription factors245.   

 

• Invasion and metastasis: VDRs increase the expression of tumour suppressor 

genes including E-cadherin and cytokines such as IL-6 and IL-1 which have all 

been shown to have an inverse association with metastasis245. 
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Figure 5.3  Diagram demonstrating some of the pathways in which VDR activation 
impacts on carcinogenesis245 

5.1.6 The impact of vitamin D deficiency on cancer risk and prognosis 

Through its interaction with the VDR, circulating vitamin D has been shown to induce 

anticancer effects247. Therefore, deficiency in vitamin D or in VDRs could theoretically 

have a negative impact on the development and prognosis of cancer. The most up-

to-date research on the impact of vitamin D levels and VDR expression on 

carcinogenesis and cancer survival is discussed below.  

5.1.7 Vitamin D and cancer risk 

5.1.7.1 Observational studies 

The potential association of vitamin D deficiency and cancer development has been 

investigated to varying degrees across multiple cancers. The meta-analyses for those 

commonly investigated cancers are presented in Table 5.1248. Breast cancer is the 

cancer which has thus far received the most attention by investigators studying the 

impact of vitamin D levels on cancer development.  Six individual meta-analysis have 

been published with a variety of results, and when Theodoratou et al combined these 
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studies and demonstrated that higher 25OHD levels are associated with a decreased 

risk of breast cancer248. Meta-analyses for colorectal cancer and pancreatic cancer 

have also demonstrated promising results of decreased cancer incidence with higher 

vitamin D levels, whereas no association has been demonstrated in relation to 

prostate, kidney, or ovarian cancer risk.  

Table 5.1 Summary of studies investigating the impact of vitamin D levels on cancer 
risk248 

Outcome Biomarker Meta-
analysis 
metric 

Number 
of 
studies 

Number 
of 
events 

Total 
number 

Relative 
risk (95% 
CI) 

P-value 

Aggressive 
prostate 
cancer 

25OHD OR 6 871 4524 0.98(0.84-
1.15) 

0.81 

Breast 
cancer 

25OHD OR 21 11771 26317 0.55(0.42-
0.71) 

0.00001 

Colorectal 
cancer 

25OHD RR 10 2764 6712 0.70(0.58-
0.84) 

0.0002 

Kidney 
cancer 

25OHD OR 6 740 1480 1.01(0.65-
1.58) 

0.97 

Ovarian 
cancer 

25OHD OR 10 884 2489 0.83(0.63-
1.09) 

0.18 

Pancreatic 
cancer 

25OHD OR 6 866 2113 2.13(1.02-
4.47) 

0.04 

5.1.7.2 Vitamin D supplementation and cancer risk 

There are a lack of interventional studies, and in particular randomised controlled 

trials, which study the impact of vitamin D supplementation on cancer development 

as a primary outcome. A Cochrane review performed in 2014 identified and 

combined 18 controlled studies that tested vitamin D supplementation versus no 

intervention or a placebo249. The majority of these studies were performed to 

investigate the impact of vitamin D supplements on the bone health of elderly 

patients and therefore should be interpreted cautiously. There was no association 

with cancer incidence (RR 1.00 95% CI 0.94-1.06) as a whole, nor for any of the 10 

different cancer types analysed individually249.  
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Since the publication of this Cochrane review, Scragg et al have completed a post-hoc 

analysis of the data produced from the Vitamin D Assessment (VIDA) study which was 

a randomised, double blind, placebo-controlled trial performed in New Zealand250. 

There were 5,110 participants randomised to either placebo (n=2,552) or vitamin D3 

(n=2,558). Oral vitamin D3 was given as a one of bolus of 200 000 IU followed by 100 

000 IU on a monthly basis for a median of 3.3 years. There was no significant 

difference in total cancer incidence between the two groups (p=0.95) with 165 cases 

diagnosed within the supplement group and 163 cases diagnosed within the placebo 

group. These results suggest that vitamin D supplementation is safe and does not 

impact upon the overall incidence of cancer in general.   

5.1.8 Vitamin D and oesophageal cancer risk 

There are a limited number of studies investigating the impact of vitamin D levels on 

oesophageal cancer risk. Furthermore, the methodology across these studies varies 

significantly with the way in which a patient’s vitamin D status is calculated being the 

main difference.  

Eight cohort studies which have investigated the association between 25OHD levels 

and oesophageal adenocarcinoma risk have been combined in the vitamin D pooling 

project of rarer cancers. The studies included were the Alpha-Tocopherol, Beta-

Carotene Cancer Prevention Study (ATBC); CLUE; the Cancer Prevention Study II (CPS-

II) Nutrition Cohort; the Multiethnic Cohort Study (MEC); the New York University 

Women's Health Study (NYU-WHS); the Prostate, Lung, Colorectal and Ovarian 

Cancer Screening Trial (PLCO); the Shanghai Men's Health Study (SMHS); and the 

Shanghai Women's Health Study (SWHS). This study included a total of 1,065 upper 

gastrointestinal cancer cases, matched with 1,066 controls. Of these, 265 cases had 

developed oesophageal cancer, comprising 142 squamous cell carcinoma and 104 

adenocarcinoma cases (the remaining 19 cases were of unspecified histological 

subtypes and therefore excluded from the study). Overall, no association between 

circulating 25(OH)D levels and oesophageal adenocarcinoma or oesophageal 

squamous cell carcinoma incidence was observed251. A recent Mendialian 

Randomisation study has also confirmed a lack of association between genetically 
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estimated 25(OH)D status and risk of Barrett’s oesophagus or oesophageal 

adenocarcinoma within the BEACON consortium252.  

Two other studies have used dietary vitamin D intake to test for an association 

between vitamin D and oesophageal adenocarcinoma risk. Mulholland et al included 

218 oesophageal adenocarcinoma cases and 252 controls in Ireland and assessed 

dietary vitamin D using a 101-item FFQ253. This study demonstrated an increased risk 

of oesophageal adenocarcinoma in individuals with the highest compared to the 

lowest tertile of vitamin D intake (OR 1.99 95% CI 1.03-3.86)253. Mayne et al studied 

282 patients with oesophageal adenocarcinoma and 687 controls. Dietary intake was 

assessed by a combination of face-to-face interviews and structured 

questionnaires254. There was no significant difference in oesophageal 

adenocarcinoma risk in the high compared to the low intake categories (OR 1.10 95% 

CI 0.86-1.40)254. These two studies were combined in a meta-analysis and overall 

demonstrated no significant difference in oesophageal adenocarcinoma rates in high 

versus low intake of vitamin D (OR 1.45 95% CI 0.65-2.24)109. The usefulness of these 

studies is questionable when considering the impact of vitamin on oesophageal 

adenocarcinoma cancer rates given that the contribution of dietary factors to overall 

vitamin D levels is negligible and sunlight exposure is not assessed. Furthermore, the 

retrospective nature of the studies and the methods of assessing vitamin D 

introduces the real possibility of recall bias.  

5.1.9 Vitamin D and cancer survival  

5.1.9.1 Observational studies 

The impact of vitamin D on cancer survival has also been investigated extensively. 

The largest and most up to date meta-analysis was performed by Vaughan-Shaw 

which included 38 studies with 12 different types of cancer and a total of 24 013 

patients255. There was a significantly decreased overall risk of death in patients with 

high versus low levels of circulating 25OHD (HR 0.40 95% CI 0.66-0.82). When broken 

down to study individual cancers there were significantly better outcomes in breast, 

colorectal, liver, gastric and ovarian cancer and haematological malignancies, 

whereas there was no significant difference in outcome in lung, head and neck, 

prostate, pancreatic, skin and kidney cancer (Table 5.2) 
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Similar results were also observed within this study when the outcome studied was 

disease progression255.  

Three other meta-analyses of prospective studies have also been performed 

investigating the impact of vitamin D on cancer-specific mortality256,257,258. Although 

there is some overlap in the studies included in these reviews, their approaches to 

analysis were somewhat different. Yin et al included 13 studies and demonstrated 

that survival was improved with higher serum vitamin D levels, however, when males 

and females were considered separately results were only significant in the female 

cancer patients (RR 0.76 95% CI 0.6-0.98)256. Similar studies by Chowdhury et al257 

and Schottker et al258 also demonstrated an improved survival with higher vitamin D 

levels and a pooled study by Afzal et al found that as the vitamin D level increased in 

increments of 20nmol/l there was a decreased risk of cancer mortality259. 

The combined results for multiple types of cancer suggest that cancer survival is 

improved in groups with higher vitamin D levels. It is likely that certain types of 

cancers have a greater contribution to these overall outcomes and further research 

is required to understand which cancers will have the greatest prognostic benefit 

with higher vitamin D levels. These results are all focused on observational studies 

and, although small in number, interventional studies investigating the impact of 

vitamin D supplementation on cancer survival is discussed below. 
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Table 5.2 Summary of meta-analyses comparing outcomes across various cancers in 
high versus low expression of serum 25(OH)D255 

Cancer type Number of 
studies 

Number of patients Survival analysis (HR 
and 95%CI) 

Breast  8 7262 0.75 (0.56-0.95) 

Haematological 16 3066 0.59 (0.42-0.77) 

Colorectal 7 4178 0.75 (0.60-0.90) 

Lung 4 1519 1.07 (0.17-1.98) 

Head and neck 2 628 0.79 (0.40-1.17) 

Prostate 4 3583 0.84 (0.63-1.06) 

Pancreatic 2 434 0.83 (0.36-1.29) 

Skin 2 1646 0.64 (0.20-1.07) 

Liver 1 200 0.50 (0.28-0.88) 

Gastric 1 197 0.59 (0.37-0.91) 

Kidney 1 630 0.70 (0.39-1.24) 

Ovarian 1 670 0.69 (0.51-0.93) 

 

5.1.9.2 Vitamin D supplementation and cancer survival 

The majority of studies investigating the impact of vitamin D supplementation on 

cancer survival have originated from studies set up to assess the impact of vitamin D 

supplementation on bone health. Goulao et al performed a meta-analysis of 30 such 

studies with a combination of 18,808 participants of which 1061 developed a new 

cancer diagnosis during follow-up. Vitamin D supplementation was not associated 

with a reduced risk of total cancer incidence (RR 1.03 95% CI 0.91-1.15) or cancer 

death (RR 0.85 95% CI 0.70-1.04) in this study, nor did the baseline serum vitamin D 

level impact on survival outcomes260. It should be noted that outcomes for individual 

cancers were not analysed separately260. These results are in contrast to the 

observational studies described in section 5.1.9.1 and this may be due to selection 

bias and the inclusion of healthier volunteers within the trials.  

The AMATERASU randomised clinical trial investigated the effect of vitamin D 

supplementation on relapse-free survival in cancers of the gastro-intestinal tract 
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from the oesophagus to the rectum261. There were 417 patients included of which 

251 received vitamin D (2000 IU/d vitamin D3) or placebo. There was no difference 

in the relapse-free survival between the placebo and the intervention group (69% vs 

77%). Vitamin D supplementation did not significantly reduce risk of relapse or death 

compared to placebo. This study included 40 cases of oesophageal cancer but the 

histological subtype was not classified. There was no significant difference in survival 

between the placebo and intervention groups within this subgroup of patients261. 

However, numbers are small meaning a potential difference in outcome would be 

difficult to detect.    

5.1.10 Vitamin D and oesophageal cancer survival 

Limited research has been performed investigating the association between vitamin 

D and oesophageal cancer survival. Fanidi et al used the data from the European 

Prospective Investigation into Cancer and Nutrition (EPIC) group to investigate the 

impact of circulating vitamin D on survival in head and neck cancers and oesophageal 

cancer262. There were 73 cases of squamous cell carcinoma and 74 cases of 

adenocarcinoma. There was no significant difference in overall survival or cancer 

specific survival between high and low levels of 25(OH)D when data for both 

histological groups was combined. Subgroup analysis was not performed262. 

The only other study identified is discussed in section 5.1.9 in the context of the 

AMATERASU trial261. This shortage of available research highlights the necessity of 

further studies in this field.   

5.1.11 Vitamin D receptors in oesophageal tissue  

To current knowledge, there have been five studies published which to one degree 

or another compare VDR expression across a variety of oesophageal mucosa 

including normal oesophageal squamous cell mucosa, Barrett’s oesophagus, Barrett’s 

oesophagus with dysplasia, oesophageal adenocarcinoma and oesophageal 

squamous cell carcinoma.   

The largest study to date, performed by Zhou et al described how no VDR were 

identified in normal oesophageal squamous mucosa, whereas the majority of 

patients with Barrett’s mucosa, low grade dysplasia and oesophageal 
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adenocarcinoma stained positive for VDR (95%, 100%, and 79% respectively)114. 

These results were similar to those findings reported by Trowbridge et al who found 

that native oesophageal squamous mucosa stained negative for VDR but areas of 

Barrett’s mucosa and gastric columnar mucosa had a strongly positive staining for 

VDR263. This study did not consider the expression of VDR within oesophageal 

adenocarcinoma tissue. Janmaat et al also compared VDR expression in Barrett’s and 

normal squamous cell epithelium and showed that in 20 out of 25 patients there was 

a two-fold increase in VDR expression in the Barrett’s epithelium (p=0.002)264. 

However, studies by Di Gottardi et al and Bao et al contradict these findings. The 

former sampled tissue biopsies from patients with normal oesophagus, reflux 

oesophagitis, Barrett’s oesophagus and oesophageal adenocarcinoma. There were 

only six patients in each group but they found no difference in VDR expression across 

these groups265. VDR expression was also assessed in cell lines from human Barrett’s 

oesophagus and oesophageal adenocarcinoma and although expression was lower in 

adenocarcinoma cells, this did not reach a level of statistical significance265. Bao et al 

compared the VDR expression in oesophageal squamous cell carcinoma and adjacent 

normal tissue in 362 resected specimens. This group actually found that VDR 

expression was higher in the normal tissue compared to the malignant tissue266. 

A similar study to the above studies has been performed for gastric mucosa. Wen et 

al reported a linear decrease in VDR expression between normal gastric mucosa 

(83%), pre-malignant conditions (73%) and gastric cancer (57%) (p=0.001). These 

samples were from different patients rather than comparing tissues within 

patients267. These results corroborate results from some of the oesophageal studies, 

since VDR expression decreased between pre-malignant and malignant conditions 

and given that Barrett’s mucosa resembles gastric mucosa these findings can be 

somewhat considered along with the aforementioned oesophageal studies. 

One study has also compared the VDR expression between different grades of 

oesophageal adenocarcinoma. Trowbridge et al found that there was higher VDR 

expression in tumours which were well or moderately differentiated tumours 

compared to poorly differentiated tumours247. These results are similar to those seen 

in other cancers including colorectal, skin, breast, lung and prostate cancer and 



173 

suggest that VDR may be a marker of prognosis in these cancers240. The potential 

mechanisms behind this are numerous as presented in Figure 5.4. 

Collectively, these findings demonstrate that VDR expression differs between 

different forms of oesophageal mucosa, but it is unclear if there is a cause-or-effect 

role. It is important therefore to investigate these findings in greater detail to enable 

us to understand if VDR expression can be used as a biomarker for prognosis in 

oesophageal adenocarcinoma but also to establish if the VDR is a target for novel 

therapy. To date, little research has been performed looking at the role the VDR 

expression in the development and prognosis of oesophageal cancer and this study 

will add to the current evidence pool.  

 

Figure 5.4  Mechanisms whereby VDR expression decreases as cancer progresses268 

5.1.12 VDR expression and cancer survival 

The role of VDR expression in relation to cancer survival has been studied across 

multiple cancer types. A variety of techniques have been used to quantify VDR 

expression, although immunohistochemistry is the most common. This method is 

cost effective, easily accessible and can be performed on tissue which has not been 

recently resected and is fixed in formalin. However, on the downside this method can 

produce different results depending on the antibody used for protein staining, the 

scoring system used to grade expression and the accuracy of the operator scoring the 

slides. To date a variety of antibodies and scoring techniques have been used to 
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staining and calculate VDR expression.  Some of these immunohistochemistry 

methods of scoring are presented in Table 5.3  

High VDR expression has been associated with improved survival in colorectal and 

pancreatic cancer, cholangiocarcinoma and urothelial bladder cancer whereas no 

survival benefit has been shown in breast cancer111,112,110,113,269, 266. These results are 

presented in Table 5.3 and correspond with some of the different scoring techniques 

presented in Table 5.4. In colorectal cancer Evans et al found that VDR expression in 

tumour tissue was significantly lower in the normal colonic tissue than the malignant 

tissue and patients with well differentiated tumours had higher ratio of 

tumour/normal tissue VDR expression111. An RNase protection assay was used to 

measure VDR expression and calculate the ratio of VDR expression in the tumour and 

normal tissue and this is the only identified who adopted this technique111. Within 

another study, there was an upregulation of VDR in malignant breast tissue compared 

to normal tissue and a higher VDR expression was associated with smaller tumour 

size (p=0.001) and the absence of lymph node involvement (p=0.009)110. This did not 

translate into improved outcomes but would suggest the need for further research 

in this area. 
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Table 5.3 Studies across various cancers investigating the impact of VDR expression on survival 

Cancer studied Total 
number 
of 
patients  

VDR status 
studied 

Statistical test  Result 

(95% CI) 

P-value 

Colorectal cancer111 46 Higher VDR ratio 
between tumour 
and normal tissue 

Cox proportional 
hazards ratio 

0.22 (0.06-0.90) 0.04 

Cholangiocarcinoma270 111 No VDR expression Cox proportional 
hazards ratio 

2.00 (1.07-3.76) 0.03 

Breast cancer110 82 Higher VDR 
expression 

Cox proportional 
hazards ratio 

0.67 (0.24-1.90) 0.44 

Urothelial bladder 
cancer269 

71 VDR expression 
absent 

Cox proportional 
hazards ratio 

2.47 (0.85-7.22)  

Pancreatic cancer112 61 Low versus high 
VDR expression 

Kaplein-meier Low VDR 
expression 
associated with 
poorer 
prognosis 

0.04 

Given the different methodologies and low study numbers these results should be interpreted cautiously and highlight the necessity for further high quality 
research in this area.  
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Table 5.4  Different methods of calculating the VDR expression in published studies 

Study author Type of cancer Method of staining for 
VDR 

Method of scoring 
grade of staining 

Method of scoring 
percentage of cells 
staining positive 

Description of how the overall score and cut off 
points were calculated 

Our study Oesophageal 
adenocarcinoma 

Rabbit monoclonal VDR 
antibody 

0-no staining 
1-Weak  
2-Moderate 
3-Strong  

Percentage of 
tumour cells staining 
positive 

Grade multiplied by percentage to give H-score 
between 0-300 

Zhou et al114 Oesophageal 
adenocarcinoma 

Mouse mono-clonal 
anti-VDR antibody 

0-no staining 
1+Weak  
2+Moderate 
3+Strong 

>or< than 10% of 
tumour cells staining 
positive  

If 10% or more of cells stained 2+ or 3+ was 
deemed to have high expression 

Wang et al112 Pancreatic 
adenocarcinoma 

3,3 diaminobenzidine 
with western blot 

0-no staining 
1-Weak  
2-Moderate 
3-Strong 

Score 0 (<5%) 
Score 1 (6-25%) 
Score 2 (26-50%) 
Score 3 (51-75%) 
Score 4 (76-100%) 

Grade score multiplied by percentage score. 
Maximum of 12 with <4 low expression and 4 or 
greater high expression 

Seubwai et al270 Cholangiocarcino
ma 

Rat anti-VDR 
monoclonal antibody 

Did not score grade 0=negative 
1+ (1%-25%) 
2+ (26%-50%) 
3+ (>50%) 

Patients were grouped into one of the four groups 
as per the percentage of staining. Analysis often 
involved presence versus absence of VDR 

Ditsch et al110 Breast Cancer Vitamin D antibody 
(monoclonal clone 2F4 
isotype IgG2a, AbD 
Serotec) 

0-no staining 
1-Weak  
2-Moderate 
3-Strong 

0= negative 
1=<10% 
2= 11%-50% 
3= 51%-80% 
4=>81% 

Grade was multiplied by percenatage that stained 
positive with a maximum score of 12. 0-1 indicated 
no staining, 2-4 was moderate staining and 6-12 
was high staining 

Brozna et al113 Cutaneous 
melanoma 

Monoclonal antibodies 
(clone 97A, Abcam Inc, 
Cambridge) 

0-no staining 
1-Weak  
2-Moderate 
3-Strong 

Did not score 
percentage 

Cut off points were as per the three levels of 
grading 
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5.1.13 VDR and oesophageal cancer survival 

Only one study which was performed at the University of Rochester, New York has 

previously investigated the association between VDR expression and oesophageal 

adenocarcinoma outcomes. This included 116 patients who underwent 

oesophagectomy without prior neo-adjuvant treatment.  Immunohistochemistry was 

used to score VDR expression. The intensity of staining was graded 0, 1+, 2+ or 3+. If 

10% or more of the cells stained with an intensity of 2+ or 3+ there was deemed to 

be a high VDR expression. There was no significant difference in outcome in those 

patients with high (21 months) compared to low (20 months) VDR expression 

(p=0.99)114.  

There has also been one study which has investigated the impact of VDR expression 

on oesophageal squamous cell carcinoma outcomes. This included 362 cases of 

oesophageal squamous cell carcinoma with samples of adjacent normal tissue. VDR 

expression was assessed using immunohistochemistry. The staining intensity was 

scored from 0-3, with strong staining counted as a score of 3 or 2, and weak staining 

as one, and no staining as zero. Survival analysis demonstrated a significantly 

improved survival in VDR positive tumours compared to VDR negative tumours266.  

Despite relatively strong evidence that vitamin D is associated with the development 

and progression of some tumours, the role of vitamin D in oesophageal cancer and 

in particular oesophageal adenocarcinoma on risk and prognosis has received much 

less attention and there are significant gaps in the current knowledge. Furthermore, 

many of the studies discussed within this section have significant weaknesses both in 

study design and in measuring vitamin D levels and should therefore be interpreted 

with caution. 

5.1.14  Aim 

The aim of this study is to investigate the impact of tumour VDR expression on 

prognosis in oesophageal adenocarcinoma. 
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5.2 Methods 
This study was performed and reported in line with the REMARK guidelines205. 

5.2.1 Patient Selection 
In this population-representative study, all patients in Northern Ireland who 

underwent neoadjuvant chemotherapy followed by surgical resection for 

oesophageal adenocarcinoma between the 1st January 2004 and the 31st December 

2012 were included. There were 158 formalin-fixed paraffin embedded (FFPE) 

oesophageal adenocarcinoma resection specimens collected from the Northern 

Ireland Cancer Centre. Of these, slides with tumour which could be scored and 

matched clinical information was available for 137 patients. Seven patients were 

excluded from further analysis, as two were staged as T0 disease, one had metastatic 

disease, and tissue microarray (TMA) cores were unable to be scored for VDR 

expression for four patients, leaving 130 patients for inclusion in our final analysis. 

Figure 5.5 summarises the indications for exclusion from this study. 

 

 

Figure 5.5  Flow chart demonstrating reasons for patient exclusion from study 

 

Patients with oesophageal adenocarcinoma 
undergoing surgery and chemotherapy, 2004-

2012 

Patients excluded due to: 
- Absence of tumour in all three 

core samples (n=4) 
- Insufficient clinicopathological 

data (n=21) 
- Complete response following 

neoadjuvant chemotherapy (n=2) 
- Metastasis present at time of 

surgery (n=1) 
 

Patients remaining for the main analysis 

(n= 130) 
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5.2.2 Clinical data  

Clinical data and information on study outcomes up until 31st December 2014 was 

retrieved via patient note review at the Northern Ireland Cancer Centre.  Information 

included age at diagnosis, date of diagnosis, date of surgery, patient sex, smoking and 

alcohol status. Pathology reports were reviewed for tumour characteristics including 

tumour location, presence of lymphovascular invasion, circumferential resection 

margin status, tumour differentiation and TNM stage. Tumour location was divided 

into lower third of oesophagus (greater than 5cm proximal to the oesophagogastric 

junction), Siewert 1 (within 1-5cm above the oesophagogastric junction), Siewert 2 

(within 1cm above and 2cm below the oesophagogastric junction) and Siewert 3 (2-

5cm below the oesophagogastric junction)206. Pathological staging was defined 

according to International Union Against Cancer (UICC) TNM staging, 8th edition207. 

Finally, the date and cause of death were recorded, where applicable.  

5.2.3 Construction of tissue microarrays  

A FFPE tissue block was selected from each resection specimen and three 1mm cores 

of tumour were embedded in a paraffin block using the Beecher Manual Arrayer®.  

5.2.4 Immunohistochemistry staining and scoring 

Immunohistochemical analysis was performed within the NI-Molecular Pathology 

Laboratory (NI-MPL) at Queen’s University Belfast, following approval by the 

Northern Ireland Biobank (study number NIB15-0176). Slides were immunostained 

on a Ventana BenchMark fully automated immunostainer, with a previously validated 

rabbit monoclonal VDR antibody (cell signalling-clone number D2K6W:  1/100, pre-

treatment CC1 32 minutes, Optiview detection without amplification) to enable VDR 

expression to be identified and then scanned on an Aperio AT2 scanner , and viewed 

as digital images on Xplore (PathXL).  

Biomarker expression was evaluated by a trainee pathologist (JT) and an independent 

observer (surgical registrar, SMcC), who were both blinded to clinical data. This 

process was carried out following the training and guidance of an expert 

gastrointestinal pathologist (DMcM). The staining intensity from each tissue section 

was assessed along with the percentage of tumour cells staining positive and a final 
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agreement on discordant results was made. Scoring was based on intensity (0 = no 

staining, 1 = weak, 2 = moderate and 3 = strong staining observed) and this was 

multiplied with the percentage of tumour cells staining positive to give an H-score 

between 0 and 300. Examples of these different grades of staining are demonstrated 

in Figure 5.6. Different methods for evaluating the VDR expression are reported in 

the literature and may contribute to different results. A range of these methods are 

displayed in Table 5.4. 

 

A                     B     

    C             D         

Figure 5.6  VDR staining in oesophageal adenocarcinoma tissue microarray core 
samples. 

Figure 2 Legend: A: no staining [intensity 0]; B: weak staining [intensity 1]; C: 

moderate staining [intensity 2]; D: strong staining [intensity 3]. 
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5.2.5 Statistical analysis 

Median and maximum H-scores for VDR expression across the triplicate tumour cores 

were generated for each patient, to explore if there was an association with 

outcomes. Following evaluation of histograms, the median and maximum H-scores 

were used to create groupings of both high/low VDR expression and tertiles of 

high/medium/low VDR expression, although the distributions in the histograms did 

appear to favour the latter method. Primary analysis evaluated the distribution based 

on the maximum H-score (which may be more clinically relevant) from the triplicate 

cores in TMAs, and median H-scores (which may be less subject to sampling errors) 

were evaluated in secondary analysis.  

Patient demographics and tumour characteristics according to tumour VDR status 

were compared using chi-squared tests. Outcomes studied included the impact of 

VDR expression across tertiles on overall survival (death from any cause) and cancer-

specific survival (death from oesophageal adenocarcinoma). Comparison between 

VDR status and prognosis was evaluated using Cox proportional hazards regression 

models for unadjusted and adjusted results. The variables included in the adjusted 

analysis were age at diagnosis, gender, tumour nodal status, circumferential 

resection margin, tumour differentiation, lymphovascular invasion, smoking status 

and tumour location. Sensitivity analysis was performed for junctional tumours 

separately. Stata version 14.2 (College Station, TX, USA) was used for statistical 

analysis. 
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5.3 Results 

5.3.1 Patient demographics and tumour characteristics  

Of the total 130 oesophageal adenocarcinoma patients in this study, 78% were male 

and 22% were female. The majority of tumours were located at the gastro-

oesophageal junction (84.6%), with Siewert 1 tumours the most common (50.8%), 

followed by Siewert 2 (25.4%) and Siewert 3 (8.5%). 

Table 5.5 presents the patient demographics and tumour characteristics across 

tertiles of maximum VDR expression. There was no difference by patient sex, age at 

diagnosis, year of diagnosis, smoking, or alcohol status according to tertiles of VDR 

expression. There were fewer Siewert 1 tumours in the highest compared with the 

lowest tertile of VDR expression (p=0.04). There was also a difference in T-stage 

(p=0.04) according to tertiles of VDR expression, although this mostly reflect small 

numbers in some categories. There was no difference in lymphovascular invasion, 

circumferential resection margin status, tumour differentiation or surgical nodal 

status according to tertiles of VDR expression.  
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Table 5.5 Patient demographics and tumour characteristics according to tertiles of 
maximum VDR expression. 

 Total 
number 

Tertile 1 

H score <120 

Tertile 2 

H score 
120-240 

Tertile 3 

H score >240 

P-
value 

 n=130 n=48 n=47 n=35  

Sex      

  Male 101 (77.7) 34 (70.8) 38 (80.9) 29 (82.9)  

  Female 29 (22.3) 14 (29.2) 9 (19.2) 6 (17.1) 0.35 

Age at diagnosis (years)      

  <50 14 (10.8) 6 (12.5) 4 (8.5) 4 (11.4)  

  50-59  25 (19.2) 7 (14.6) 11 (23.4) 7 (20.0) 0.79 

  60-79 61 (46.9) 26 (54.2) 21 (44.7) 14 (40.0)  

  ≥80 30 (23.1) 9 (18.8) 11 (23.4) 10 (28.6)  

Smoking status      

  Never smoker 34 (26.2) 12 (25) 11 (23.4) 11 (31.4)  

  Former smoker 48 (36.9)  18 (37.5) 17 (36.7) 13 (37.4)  

  Current smoker   31 (23.9) 11 (22.9) 14 (29.8) 6 (17.1) 0.90 

  Unknown 17 (13.1) 7 (14.6) 5 (10.64) 5 (14.3)  

Alcohol       

  Never drinker 41 (31.5) 12 (25.0) 15 (31.9) 14 (40.0)  

  Ever  69 (53.1) 27 (56.3) 26 (55.3) 16 (45.7) 0.64 

  Unknown 20 (15.4) 9 (18.8) 6 (12.8) 5 (14.3)  

Primary site      

  Lower third 20 (15.4) 6 (12.5) 6 (12.8) 8 (22.9)  

  Gastro-oesophageal   

  junction 

110 (84.6) 42 (87.5) 41 (87.2) 27 (77.1) 0.36 

       Siewert classification         

        1 66 (50.8) 24 (50) 31 (66) 11 (31.4)  

        2 33 (25.4) 16 (33.3) 6 (12.8) 11 (31.4) 0.04 

        3 11 (8.5) 2 (4.2) 4 (8.5) 5 (14.3)  
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PET responder      

  No 43 (33.1) 16 (33.3) 14 (29.8) 13 (37.1)  

  Yes 57 (43.9) 20 (41.7) 22 (46.8) 15 (42.9) 0.95 

  Unknown 32 (23.1) 12 (25.0)  11 (23.4) 7 (20.0)  

Lymphatic vascular 
invasion 

     

  No 40 (30.8) 15 (31.3) 13 (27.7) 12 (34.3)  

  Yes 90 (69.2) 33 (66.7) 34 (72.3) 23 (65.7) 0.81 

Circumferential 
resection margin status 

     

  Negative 73 (56.1) 26 (54.2) 27 (57.5) 20 (57.1)  

  Positive 57 (43.9) 22 (45.8) 20 (42.6) 15 (42.9) 0.94 

Differentiation 

  Well or Moderate 

 

52 (40.0) 

 

22 (45.8) 

 

17 (36.2) 

 

13 (37.1) 

 

  Moderate-Poor or Poor 78 (60.0) 26 (54.2) 30 (63.8) 22 (62.9) 0.58 

Surgical T stage      

  1 11 (8.5) 6 (12.5) 1 (2.1) 4 (11.4)  

  2 25 (19.2) 4 (8.3) 15 (31.9) 6 (17.1)  

  3 89 (68.5) 36 (75) 28 (59.6) 25 (71.4) 0.04 

  4 5 (3.9) 2 (4.2) 3 (6.4) 0 (0)  

Surgical N stage      

  0 44 (33.9) 16 (33.3) 16 (34.0) 12 (34.3)  

  1 27 (20.8) 11 (22.9) 10 (21.3) 6 (17.1)  

  2 29 (22.3) 9 (18.8) 13 (27.7) 7 (20.0) 0.86 

  3 30 (23.1) 12 (25.0) 8 (17.0) 11 (28.6)  

 
Abbreviations: PET= Positive emission tomography scan; T-stage= Tumour stage; N 
stage= Nodal stage. 
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5.3.2 Survival analysis 

There were 75 patients who had died during a maximum of 9 (median 2.5) years of 

follow-up. As shown in Table 5.6, in unadjusted analysis, a higher VDR expression 

showed a trend towards significance with an improved survival. In adjusted analysis, 

a dose-response association between higher VDR expression and improved overall 

survival became apparent. In patients with tumour VDR expression in the middle 

tertile, there was a 40% non-significant reduced risk of death (HR 0.60 95% CI 0.33-

1.09; p=0.09) and those in the highest tertile had a 51% significantly lower risk of 

death (HR 0.49 95% CI 0.25-0.96; p=0.04), compared with the lowest VDR expression 

category. This association was not as apparent in analysis evaluating high and low 

VDR expression as determined by the median cut-off; higher VDR expression was 

associated with an 18% non-significant reduced risk of death (HR 0.82 95% CI 0.48-

1.38; p=0.45) for high VDR expression compared with the low VDR expression group. 

Very similar patterns of results were observed in cancer-specific survival analysis 

(Table 5.6)  
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Table 5.6 Oesophageal adenocarcinoma survival outcomes according to Vitamin D 
receptor expression 

 Dead 

n= 75 

Alive  

n= 55 

Unadjusted 
Hazard ratio  

(95% CI) 

P-
value 

Adjusted  

Hazard ratioa  

(95% CI)  

P-
value 

Overall survival       

Low (<median) 39 23 1.00  1.00  

High (≥median) 36 32 0.71 (0.45-
1.13) 

0.15 0.82 (0.48-
1.38) 

0.45 

       

Tertile 1 (<120) 24 18 1.00  1.00  

Tertile 2 (120-240) 31 17 0.84 (0.5-1.41) 0.51 0.60 (0.33-
1.09) 

0.09 

Tertile 3 (>240) 20 20 0.65 (0.36-
1.20) 

0.17 0.49 (0.25-
0.96) 

0.04 

Cancer-specific survivalb       

Low (<median) 37 23 1.00  1.00  

High (≥median) 33 32 0.72 (0.45-
1.15) 

0.17 0.83 (0.48-
1.42) 

0.49 

       

Tertile 1 (<120) 28 19 1.00  1.00  

Tertile 2 (120-240) 26 18 0.80 (0.47-
1.37) 

0.42 0.55 (0.29-
1.04) 

0.06 

Tertile 3 (>240) 16 18 0.69 (0.37-
1.27) 

0.23 0.50 (0.26-
0.99) 

0.05 

Abbreviations: CI= Confidence Intervals. a Variables included in the adjusted analysis 
were age at diagnosis, gender, tumour nodal status, circumferential resection 
margin, tumour differentiation, lymphovascular invasion, smoking status and 
tumour location. b This analysis included 125 patients as 5 had died due to other 
causes. 

5.3.3 Sensitivity analysis  

Table 5.7 outlines sensitivity analysis restricted to junctional tumours.  As with the 

main analysis, higher VDR expression was associated with improved overall survival 

and cancer-specific survival, and the magnitude of associations were strengthened. 
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Patients with VDR expression in the highest tertile had a significant 54% reduction in 

all-cause mortality (HR 0.44 95% CI 0.21-0.98), with similar reductions in cancer-

specific mortality, although statistical significance was slightly attenuated (HR 0.47 

95% CI 0.21-1.02) compared to patients with the lowest VDR expression tumour 

cores.  

Secondary analysis in which all above outcomes were evaluated for median, rather 

than maximum, VDR expression largely showed similar results that were attenuated 

in statistical significance (data not shown).  

Table 5.7 Sensitivity analysis of oesophageal adenocarcinoma survival outcomes 
according to Vitamin D receptor expression, restricted to junctional tumours only 

 Dead 

n= 67 

Alive  

n= 43 

Adjusted  

Hazard ratioa  

(95% CI)  

P-
value 

Overall survival     

Tertile 1 (<120) 25 17 1.00  

Tertile 2 (120-240) 26 15 0.50 (0.26-
0.97) 

0.04 

Tertile 3 (>240) 16 11 0.46 (0.21-
0.98) 

0.04 

Cancer-specific survivalb     

Tertile 1 (<120) 24 17 1.00  

Tertile 2 (120-240) 23 15 0.44 (0.21-
0.89) 

0.02 

Tertile 3 (>240) 15 11 0.47 (0.22-
1.02) 

0.05 

 
Abbreviations: CI= Confidence Intervals.  
a Variables included in the adjusted analysis were age at diagnosis, gender, tumour 
nodal status, circumferential resection margin, tumour differentiation, 
lymphovascular invasion, and smoking status. 
b This analysis included 105 patients as opposed to 110 patients as in the overall 
survival analysis as 5 had died due to other causes. 
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5.4 Discussion 
This study is the first to demonstrate a significant, dose-response, association 

between higher VDR expression and improved survival in patients with oesophageal 

adenocarcinoma. Sensitivity analysis also demonstrated that the association 

between higher VDR expression and improved survival was particularly evident in 

patients with oesophago-gastric junctional tumours. 

These findings contrast with those from the only other published study to have 

considered the impact of VDR expression on oesophageal cancer survival. In a study 

of 116 patients in the USA, no significant difference in overall survival (21 months in 

high VDR expression versus 20 months in low VDR expression) was demonstrated 

between groups with high and low VDR expression (p=0.99)114. There are multiple 

differences in that study’s design compared with ours that may account for the 

conflicting results. Firstly, in our study, all patients underwent neoadjuvant 

treatment prior to surgical resection, whilst in the aforementioned study all patients 

had surgical resection without neo-adjuvant therapy114. Limited research is available 

to explore the impact of neoadjuvant treatment upon VDR expression of the primary 

tumour, although one small study in 15 patients found those with higher VDR 

expression were less likely to respond to treatment, indicating a potential 

interaction247. However, the authors accepted that these results could be simply due 

to chance247. Secondly, the methods of scoring and analysing the VDR expression 

differed in that there was only one sample taken for each patient and there was 

considered to be a high expression of VDR if 10% or more of cells stained with an 

intensity score of 2+ or 3+114. This would be the equivalent of an H-score of 20 or 30 

in our study to divide patients into high and low expression, whereas our lowest 

tertile reflected an H-score of less than 120. Our methods also involved scoring three 

cores rather than one from each tumour specimen, which reduces the likelihood of 

sampling bias. Thirdly, there may be underlying differences in the population studied 

(Northern Ireland and the USA) and fourthly, this study used a different antibody to 

stain the specimens. All of these factors may account somewhat for the difference in 

findings.  
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Although there is limited research looking at the impact of high VDR expression in 

oesophageal adenocarcinoma outcomes, there are multiple other clinical studies 

which look at the impact of high VDR expression on survival in patients with other 

cancer sites. Some, but not all, studies within colorectal cancer patients have 

demonstrated that higher VDR expression is associated with improved 

survival111,271,272. A single study looking at the impact of VDR expression on survival 

in pancreatic adenocarcinoma performed in a Chinese population of 61 patients 

found that patients with high VDR expression survived longer than those with low or 

no VDR expression112. Similar results were found in a single study looking at the 

impact of VDR expression in cholangiocarcinoma in a Thai study of 111 patients. 

Patients with no VDR expression had a 2-fold higher increased risk of death than in 

patients whose tumours expressed VDR (HR 2.00 95% CI 1.07-3.76)270. Studies in 

melanoma skin cancer, breast cancer, oesophageal squamous cell carcinoma and 

urothelial bladder cancer have also found similar findings with improved overall 

survival and progression free survival in patients with higher VDR expression within 

the tumour tissue113,110,269.  

Another interesting feature of previous studies in other cancer sites was that higher 

VDR expression was more frequently observed in well differentiated tumours 

compared to poorly differentiated tumours in colorectal cancer, pancreatic 

adenocarcinoma and cholangiocarcinoma111,112,270. This corroborates similar findings 

in a previous study by Trowbridge et al in tissue from 15 oesophageal 

adenocarcinoma patients247.  In our study however, there was no association 

between tumour grade and VDR expression, and adjustment for grade within our 

survival analysis did not affect our results.  

When we performed sensitivity analysis for junctional tumours only, there was a 

greater magnitude of association between VDR expression and overall survival and 

disease-specific survival, although statistical significance was slightly attenuated for 

the latter. Previous findings suggest that VDR expression only features in 

oesophageal cells after they have undergone metaplastic transition, but it is unclear 

if this is a cause-or-effect role263,265. Our findings in the sensitivity analysis may 

therefore arise due to a difference in VDR expression between tumour sites. This 
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theory is supported by the fact that junctional tumours can arise from oesophageal 

tissue or gastric tissue and these tissues may differ biologically in both their normal 

state and pre-malignant state.  

Evidence from our study demonstrates for the first time that any association between 

circulating vitamin D levels and oesophageal adenocarcinoma outcomes, mediated 

by VDR expression, may be biologically plausible.  VDR are activated when they 

combine with vitamin D3, the active form of vitamin D. This subsequently combines 

with the retinoid x receptor which can then promote or suppress hallmarks of 

tumorigenesis273,240. Indeed, a cell-line study has demonstrated that VDR activation 

regulates apoptosis and cell differentiation, and suppresses tumour proliferation274.  

However, further studies that incorporate assessment of serum 25-hydroxyvitamin D 

status in addition to tumour VDR expression in patients with oesophageal 

adenocarcinoma are required to corroborate this hypothesis. 

Research into the impact of vitamin D with respect to oesophageal adenocarcinoma 

risk is highly controversial, with observational studies having reported null results, 

decreased risks, or indeed increased risks of oesophageal adenocarcinoma in patients 

with higher levels of vitamin D intake or status 251,109,268,275 . No clear associations for 

circulating vitamin D levels and prognosis after a diagnosis of oesophageal cancer 

were identified in a European cohort study, although that included only 74 

adenocarcinoma patients262. Our study provides some evidence that VDR is 

associated with oesophageal adenocarcinoma outcomes, and therefore indirect 

evidence of a biological role for vitamin D. 

One observational study has investigated the impact of post-operative vitamin D 

supplementation in patients having undergone surgical resection for their 

oesophageal squamous cell carcinoma276. There were 280 patients with oesophageal 

squamous cell carcinoma and of these there were 49 patients who took daily vitamin 

D supplements of between 200-400 international units daily276. Although vitamin D 

supplement use was not associated with improved overall survival, it was associated 

with a 39% reduction in disease recurrence in adjusted analysis (HR 0.61 95% CI 0.38-

0.98)276.  This demonstrates the role that vitamin D may play in the post-operative 

phase in oesophageal squamous cell carcinoma.   
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Theoretically, if VDR levels impact on survival and vitamin D activates the VDR, then 

vitamin D may play a role in the neo-adjuvant treatment phase or even in the chemo-

preventative setting 18,277. This hypothesis is supported by findings in other cancers 

with in-vivo studies in colorectal, pancreatic and gastric cancer having shown 1,25-

dihydroxyvitamin D3, 25-hydroxyvitamin D3 and vitamin D analogues to decrease 

cancer cell growth278,279,280. Furthermore, results in animal models have been 

encouraging as vitamin D3 has been shown to decrease both pre-cancerous and 

cancerous lesions in gastric cancer in rats281.  

This study has several strengths, including being the first study to identify VDR as 

potential biomarker to predict outcomes in oesophageal adenocarcinoma, and only 

the second study to investigate this association. Furthermore, our study was 

performed in a population which has low exposure to vitamin D and a high incidence 

of oesophageal adenocarcinoma19,282. Survival remains poor in this disease with 

limited treatment options and this study enables hypothesis generation around the 

role of vitamin D analogues in the management of oesophageal adenocarcinoma283.   

The main limitation of this study is the relatively small sample size, although our 

cohort size of 130 patients is typical of this relatively rare disease site. All patients 

had surgically resectable disease, therefore this cohort represents patients with more 

favourable prognosis, and we cannot deduce if VDR expression impacts upon the 

outcome in patients with more advanced disease. Future studies should aim to 

evaluate associations between VDR expression and survival in patients with advanced 

disease as has been demonstrated for other cancer sites, however given the limited 

expected survival within this group of patients it may be difficult to detect significant 

benefits209.  

In conclusion, in this Northern Irish population, patients with higher VDR expression 

in oesophageal adenocarcinoma have a more favourable prognosis. However, further 

work is needed to validate these findings and define the role of VDR in the aetiology, 

management and progression of oesophageal adenocarcinoma.  
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6 Discussion 
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6.1 Aims of thesis 
The aim of this thesis was to examine the association between epidemiological risk 

factors, related biomarkers and oesophageal adenocarcinoma survival. This question 

was addressed by performing a combination of studies including a systematic review 

and three cohort studies of which two had molecular pathological epidemiology 

components. These studies are summarised below. 

• Study 1. A systematic review investigating the association between alcohol, 

smoking and oesophageal cancer risk was performed. Pooled estimates were 

calculated using meta-analysis techniques. This study reports the best and 

most up to date evidence on this topic and enabled us to identify the gaps 

that exist in the in the current evidence base.  

• Study 2. A population-based cohort study in Northern Ireland examined the 

association between alcohol consumption, cigarette smoking, and 

oesophageal adenocarcinoma survival. This study also had a molecular 

pathology epidemiology component in that survival analysis across categories 

of smoking and alcohol consumption according to the expression of 

biomarkers known to be prognostic or biologically relevant to this disease was 

performed. 

• Study 3. A cohort study using the data from the OCCAMS consortium 

investigated the association between alcohol consumption, cigarette 

smoking, and oesophageal adenocarcinoma survival.  

• Study 4. The role of vitamin D on oesophageal adenocarcinoma survival was 

investigated by performing a molecular pathology epidemiology cohort study. 

This study examined the association between Vitamin D receptor expression 

in resected oesophageal adenocarcinoma specimens on cancer survival.  

 

Within this discussion we summarise the findings, methodology and translational 

impact of each individual study followed by the current gaps in knowledge which 

require further investigation.  
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6.2 Do smoking and alcohol behaviours influence 
oesophageal adenocarcinoma survival? A systematic 
review and meta-analysis. 

6.2.1 Summary of findings 

This systematic review identified 4 studies which investigated the association 

between cigarette smoking and oesophageal adenocarcinoma survival and 3 studies 

which investigated the association between alcohol consumption and oesophageal 

adenocarcinoma survival.  

In the smoking analysis there was a maximum of two studies combined within the 

meta-analysis and there was no significant difference in survival across any of the 

smoking categories. There was no between study heterogeneity with I2 =0% in the 

analysis. When both histological subgroups were considered together in the analysis 

there was also no association between smoking across any of the exposure categories 

and oesophageal cancer survival.  

In the alcohol analysis there was also a maximum of two studies included which 

investigated outcomes in oesophageal adenocarcinoma across the exposure 

categories. There was no difference in mortality across any of the exposure groups 

although there was a trend of an increased risk of mortality in the moderate drinkers 

compared to light/never drinkers, but this did not reach a level of statistical 

significance (HR 1.34 95% CI 0.95-1.89 I2=0%). There was no between study 

heterogeneity I2=0% in the combined studies. When both histological subtypes were 

considered together there was a 23% increased risk of mortality in ever alcohol 

drinkers compared to never drinkers when nine studies were combined (HR 1.23 95% 

CI 1.10-1.37 I2=33.7%) but there was no significant increased risk of mortality when 

light, moderate or heavy alcohol consumption was compared to light or never alcohol 

consumption. 

6.2.2 Methodological considerations and translational implications 

The methodology of this systematic review was sound but there were various 

shortcomings in the individual studies. All studies were retrospective in design and 

included patients with all grades of tumour but there was a preponderance for 
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patients with advanced disease. These patients typically have short survival times of 

weeks or months and therefore it may be difficult to detect a statistically significant 

difference in survival across exposure categories. Furthermore, exposure to smoking 

and alcohol was assessed prior to the patient’s cancer diagnosis which introduces the 

risk of recall bias.  

These studies are designed to answer if these pre-diagnostic lifestyle habits are 

associated with oesophageal adenocarcinoma survival. This is important as public 

health campaigns can inform the public not only about their impact on cancer risk, 

but also on cancer survival. Given the non-significant results in this systematic review 

they cannot be used to provide evidence that smoking or alcohol habits impact upon 

oesophageal adenocarcinoma survival, but we advocate further, better designed 

studies to help answer this question.  

The studies, neither individually or collectively inform us if cessation of cigarette 

smoking or alcohol consumption at the time of an oesophageal adenocarcinoma 

diagnosis will influence survival. This is also a clinically relevant question as these 

represent potentially modifiable lifestyle factors which if altered may improve cancer 

outcomes as seen in other cancers.   
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6.3 Alcohol and smoking related biomarkers and 
oesophageal adenocarcinoma survival: a molecular 
pathology epidemiology cohort study in Northern 
Ireland 

6.3.1 Summary of findings  

This was a population-representative study which included 158 patients with 

oesophageal adenocarcinoma who underwent neo-adjuvant treatment followed by 

surgical resection. The primary analysis investigated the association between 

cigarette smoking and alcohol consumption on survival within this cohort of patients. 

Secondary analysis investigated the association between these lifestyle factors and 

survival in this cohort of patients according to biologically relevant biomarkers (p53, 

HER2, GLUT1 and CD8). Given the small numbers within the categories this analysis 

was largely performed to enable hypothesis generation.  

Unadjusted results demonstrated almost a two-fold increased risk of overall and 

cancer-specific mortality in ever versus never drinkers although in adjusted analysis 

this lost statistical significance. There was no difference in survival across categories 

of cigarette smoking exposure. In stratified survival analysis by biomarker exposure 

in ever versus never drinkers, there was a statistically significant increased risk of 

death in patients with tumours in the middle tertile of p53 expression and GLUT1 

positive and CD8 positive tumours.    

6.3.2 Methodological considerations and translational implications 

This study adds to the limited evidence pool as identified in the systematic review in 

Chapter 2. Although the small sample size is not unusual for a disease with a low 

incidence rate like oesophageal adenocarcinoma, it was relevant when performing 

stratified analysis across tumour biomarker categories and meant only unadjusted 

analysis was able to be performed. These results should be interpreted with caution 

and the main focus of these stratified analyses was to enable future hypothesis 

generation.  

Unlike the studies identified in the systematic review in Chapter 2 this study only 

included patients who underwent neo-adjuvant treatment followed by surgical 
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resection. Theoretically these patients have the best prognosis and therefore if a 

statistically significant difference in survival is going to be identified in this disease 

with poor outcomes then it is most likely to be seen in this group of patients. The 

restriction to this patient group however means results cannot be applied to other 

oesophageal adenocarcinoma patients with more advanced disease.  

In this study, cigarette exposure was quantified as current, former and never 

smokers, and alcohol exposure was quantified as never and ever alcohol drinkers. 

This methodology is sub-optimal as it does not capture the dose which patients were 

exposed to. Within the ever drinkers there may be a significant variation in the 

amount of alcohol consumed and this study does not account for this. The same can 

be applied to the smoking categories. However, in order to have more groupings of 

smoking and alcohol exposure there would need to a larger cohort size as otherwise 

multiple groupings would have small numbers within each category which would 

make it difficult to detect a statistically significant difference in outcome.  
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6.4 OCCAMS study  

6.4.1 Summary of findings 

This cohort study which included 1002 patients from 20 specialised centres in the UK 

demonstrated a non-significant reduction in cancer-specific survival in former and 

current smokers compared to never smokers in both unadjusted and adjusted 

analysis. There was a dose responsive association in that survival was worse in 

current smokers than former smokers.  In overall survival analysis, the results 

mirrored those seen for cancer specific survival. There was worse survival in smokers 

compared to never smokers which was dose responsive in that current smokers had 

a worse survival than former smokers. Results reached a level of statistical 

significance when current smokers were compared to never smokers and 

adjustments included alcohol consumption (HR 1.35 95%CI 1.01-1.81; p=0.04).  

In cancer-specific survival analysis there was a trend towards improved survival in 

both former and current heavy alcohol drinkers in comparison to never alcohol 

drinkers but none of these results reached a level of statistical significance. This 

demonstrated a dose-dependent association with an improved survival in former 

heavy drinkers compared to current heavy drinkers. In overall survival, results were 

very similar to those seen for cancer-specific survival as once again there was a trend 

of improved survival in former and current drinkers compared to never alcohol 

drinkers, but none of the results reached a level of statistical significance. 

6.4.2 Methodological considerations and translational implications 

This study is the largest study to date which investigates the association between 

cigarette smoking and alcohol consumption on survival in oesophageal 

adenocarcinoma patients. It should be noted that despite the impressive study size 

there were 779 patients excluded as follow up data was not yet available and future 

analysis will focus on all these patients. Similar to Chapter 3, only patients who 

underwent attempted curative treatment were included, meaning if there was a 

difference in survival it was most likely to be identified in this cohort. Patient data 

was collected prospectively via patient questionnaires which despite being more 

robust than the methods used in Chapter 3 still had short-comings. Smoking status 
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was divided into current, former and never smoking but the definition of a former 

smoker was not stated. This introduces the risk of bias as patients may simply classify 

themselves as former smokers if they decided to cease smoking on the day of their 

cancer diagnosis. There was also no quantification of the amount of smoking 

exposure to enable survival analysis across light, moderate and heavy categories to 

investigate the impact of dosage on survival. 

Alcohol exposure was classified as never, former heavy and current heavy alcohol 

consumption. By focusing on the extremes of alcohol consumption there is a greater 

likelihood of identifying a difference in survival if one does exist. However, this 

method fails to identify if mild or moderate alcohol consumption is associated with 

survival. Accurate assessment of alcohol consumption is important in order to 

produce reliable results, especially as other studies on the impact of alcohol 

consumption on survival have shown that results are very much dose related. For 

example, there has been shown to be a J-shaped relationship between alcohol intake 

and mortality from cardiovascular disease whereas even light-moderate alcohol 

intakes have been shown to be associated with an increased risk of some cancers.  

The questionnaire used a one-off assessment of a patient’s alcohol status at baseline 

to perform survival analysis. A better method would be to measure lifetime alcohol 

exposure to give an overall more comprehensive understanding of a patient’s alcohol 

exposure. For example, a patient who was a heavy drinker at baseline may only have 

been so for a limited time period and therefore by classifying them as a heavy drinker 

introduces bias to the study.  

6.4.3 Future research 

The three studies performed in Chapters 2, 3 and 4 have demonstrated inconclusive 

results regarding the association between cigarette smoking and alcohol 

consumption on survival in oesophageal adenocarcinoma patients. Further studies 

are required to enable a conclusion to be drawn on the impact of these lifestyle 

factors on oesophageal adenocarcinoma survival. In the first instance, the analysis in 

Chapter 4 can be completed when follow-up data becomes available for the excluded 

patients. This large database of patients with matched tissue would also be an ideal 

cohort for similar studies such as the MPE design in chapter three. If further studies 



200 

are to be designed and performed, there should be a focus on improving the 

methodological shortcomings identified in the studies discussed and performed 

within this thesis. This study does not answer if smoking cessation or stopping alcohol 

consumption following an oesophageal adenocarcinoma diagnosis impacts on 

patient survival and future studies should also focus on this.  

6.4.4 Translational summary 

Although there were some significant results within these three chapters they do not 

provide enough evidence to conclude that these lifestyle factors are associated with 

different survival outcomes in oesophageal adenocarcinoma. Currently the WCRF 

recommends lifestyle changes after a cancer diagnosis in keeping with the 

recommendations for cancer prevention and these should continue to be adhered to 

in the absence of further evidence. 
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6.5 Vitamin D receptor as a marker of prognosis in 
oesophageal adenocarcinoma: a prospective cohort 
study. 

6.5.1 Summary of findings  

This study included the same patient cohort as those discussed in Chapter 3. In 

adjusted survival analysis, there was a dose-response association between higher 

VDR expression and improved overall survival. In the highest tertile of VDR expression 

there was a 51% significantly lower risk of death (HR 0.49 95% CI 0.25-0.96) compared 

to the lowest tertile of VDR expression. In the cancer specific survival analysis there 

was also a dose responsive improved survival in patients with a higher VDR 

expression compared to those within the lowest tertile of VDR expression. However, 

this only reached statistical significance within the third tertile (HR 0.50 95% CI 0.26-

0.99). When we performed sensitivity analysis for junctional tumours only, there was 

a greater magnitude of association between VDR expression and overall survival and 

disease-specific survival, although statistical significance was slightly attenuated for 

the latter  

6.5.2 Methodological considerations and translational implications 

In this study, VDR expression was calculated by multiplying the percentage of tumour 

cells staining positive for VDR by the grade of staining to give an H-score between 

zero and three hundred. Although this method has been replicated in other studies, 

there are several other techniques published as presented in Table 5.4. The only 

other study to date investigating the association between VDR expression and 

oesophageal adenocarcinoma survival used a different method for measuring VDR 

expression (as described in Section 5.1.13)114. This may in part account for the 

difference in the results as there was no association between VDR expression and 

survival in this study. The two studies differed in multiple other ways but of particular 

interest is that in the study by Zhou et al all patients underwent surgical resection 

whereas in our study all patients had neo-adjuvant treatment followed by surgical 

resection.  
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It is possible that the difference in outcomes between the studies is caused by the 

administration of chemotherapy and it may be that higher VDR expression may be 

associated with a positive response to chemotherapy. However, one study has 

investigated this and reported that patients with higher VDR expression were less 

likely to respond to chemotherapy. However, the authors concluded that these 

results were likely due to chance.  

Given that our study only included patients with surgically resectable disease the 

results can only be applied to this group of patients and further studies are required 

to investigate the role of VDR expression in patients with more advanced disease. 

However, the patients in our study were selected as they will have hypothetically the 

longest survival times meaning that the possibility of identifying a true difference in 

survival between groups if one was present was maximised. Furthermore, when 

complete surgical resection was performed histological evaluation is maximised in 

comparison to the minimal tissue which is retrieved at the time of random biopsies 

in patients with unresectable disease.   

We performed sensitivity analysis for junctional tumours only but were unable to do 

further subgroup analysis across all of the and consider the association between VDR 

expression and survival in each of the Siewert groupings. As the number of patients 

was small within some of the groupings the results produced implausible hazard 

ratios. This is important to investigate given that tumours may arise from primary 

oesophageal tissue or primary gastric tissue and this may have implications for the 

outcomes.  

6.5.3 Future research 

Firstly, these findings need to be validated on a larger cohort but other studies are 

also needed to help understand the role of VDR in tumorigenesis. The mechanisms 

behind the anti-cancer effects of vitamin D combining with the VDR have been 

investigated extensively and VDR activation has a known protective effect on the 

hallmarks of cancer. However, there are significant gaps in the current knowledge 

and it is not totally understood if the quantity of VDR expression is the cause of 

tumour progression, or if it is the tumour environment and growth which impacts on 

the amount of VDR expression. Therefore, studies are needed to compare VDR 
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expression in tumour tissue, pre-malignant tissue and normal background to 

understand how VDR expression changes between the disease states. Multiple other 

studies could also be performed to build on these findings. 

 

• Studies using the same methodology as described in this study but which 

include all stages of oesophageal adenocarcinoma are required to add to the 

evidence pool regarding the role of VDR in predicting prognosis in 

oesophageal adenocarcinoma.  Future studies need to use the same method 

of scoring VDR expression as multiple methods have been used in the past as 

shown in Table 5.4. This variation in techniques makes the comparison of 

outcomes difficult. Furthermore, the patient’s vitamin D levels should be 

measured to investigate for a correlation between patient vitamin D levels 

and tumour VDR expression. 

 

• This study demonstrates for the first time that any association between 

circulating vitamin D levels and oesophageal adenocarcinoma outcomes, 

mediated by VDR expression, may be biologically plausible. To investigate this 

a randomised controlled trial should be performed comparing outcomes in 

patients with oesophageal adenocarcinoma who received vitamin D 

supplements in the neo-adjuvant phase compared to placebo. The neo-

adjuvant phase should be targeted as post resection there should be no 

tumour VDR to target.   

 

• If VDR activation is shown to associated with better outcomes in oesophageal 

adenocarcinoma, it is also important to investigate if VDR are potential 

targets for chemoprevention in Barrett’s oesophagus. One study has shown 

that VDR expression peaks in Barrett’s oesophagus and a randomised-

controlled trial of vitamin D versus placebo in patients with Barrett’s 

oesophagus will help answer this question.  
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• The role of VDR expression in predicting a response to oesophageal 

adenocarcinoma and this could be investigated by looking at tumour 

response across categories of VDR expression 

6.5.4 Translational summary 

These results are an exciting finding as this is the first study that reports VDR as a 

marker of prognosis in oesophageal adenocarcinoma. As of yet these results are 

unable to be translated into clinical practice but they set the tone for further research 

as discussed in section 6.5. 
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6.6 Final conclusions 
This thesis has identified the shortage of existing studies that have investigated for 

an association between cigarette smoking and alcohol consumption on oesophageal 

adenocarcinoma survival. The studies in Chapters two and three have added to the 

current evidence pool with the former demonstrating that alcohol consumption may 

be associated with poorer outcomes in patients with GLUT1 positive and CD8 positive 

tumours and tumours within the middle tertile of p53 expression. In Chapter 3, the 

largest study to date which investigates the role of these lifestyle factors on 

oesophageal adenocarcinoma, cigarette smoking was associated with a poorer over-

all survival. This thesis has also for the first time demonstrated that VDR expression 

is associated with survival in oesophageal adenocarcinoma patients. All these 

findings require further studies as presented within this discussion to enable strong 

conclusions to be made. 
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