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Summary 

In recent decades, the incidence of oesophageal adenocarcinoma has dramatically increased, 

particularly in developed countries. Treatment for oesophageal cancer has traditionally been 

associated with poor outcomes and consequently a poor prognosis, however morbidity and 

mortality rates, in addition to long term survival post oesphagectomy have all dramatically 

improved over the past two decades. Notwithstanding progress in survivorship, curative 

treatments are complex and remain associated with risks of morbidity and mortality. Major 

surgery, in combination with preoperative chemotherapy and radiotherapy, can have an 

attritional impact on physical functioning. Poor physical functioning is associated with 

decreased overall HRQOL and an increased risk of disability and therefore is an important 

outcome to measure in any population.  

A systematic review of the literature was carried to investigate the impact of curative 

treatment for oesophageal cancer on subjective and objective measures of physical 

functioning. Both neoadjuvant therapy and oesophagectomy were shown to have a significant 

negative impact on physical functioning in the acute phase post treatment. However there 

were inconsistencies in the literature regarding the long term recovery of physical functioning 

after successful completion of treatment for oesophageal cancer. In Study 1 in this thesis, 

survivors of oesophageal cancer (11-36 months post surgery) demonstrated significantly lower 

fitness and physical activity levels than age and gender matched control participants. A 

medical record review conducted as part of Study 1 revealed that the study cohort 

experienced a decrease in body weight and BMI at one, three and six months post-operatively 

with body weight continuing to be decreased up to three years post surgery. In addition, over 

30% of the total study cohort was classified as sarcopenic prior to surgery. The second study in 

this thesis (Study 2) involved a qualitative exploration of the impact of treatment on physical 

functioning from the perspectives of survivors who were one to five years post surgery. This 

study aimed to further explore the potential reasons for the suboptimal physical functioning 

observed in Study 1 and to provide a more in-depth and contextualised understanding of the 

patient experience and patient needs. Participants in Study 2 reported physical changes and 

side effects of treatment which had impacted on their physical functioning and lifestyle. This 

cohort had poor knowledge and awareness of physical activity guidelines and the wide ranging 

benefits of exercise and faced a number of disease specific and general barriers to exercise and 

optimal activity levels. Overall Study 1 and Study 2 demonstrated the significant adverse 

impact treatment for oesophageal cancer can have on physical functioning, which can persist 

up to five years post-operatively. These findings provide data that suggest that a 
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comprehensive multidisciplinary rehabilitation programme may be a promising intervention to 

improve physical performance and HRQOL in survivorship. Study 2 examined participants’ 

views on the development of such a programme. Participants expressed a high level of interest 

in rehabilitation and stated that they thought it would be beneficial for survivors of 

oesophageal cancer. Therefore interventional programmes appear feasible and would be well 

received in an oesophageal cancer population post completion of treatment.  

In order to investigate when changes in physical functioning may occur across the cancer 

continuum, the third study in this thesis (Study 3) prospectively measured the acute impact of 

curative multimodal treatment for oesophageal cancer on physical performance. The 

preliminary results from this ongoing study suggest that oesophagectomy has a marked 

adverse impact on physical functioning but that chemotherapy and radiotherapy have a lesser 

impact. Fitness, hand grip strength and physical activity levels remained the same during 

neoadjuvant treatment. However a significant loss of hand grip strength was observed in 

participants four weeks post oesophagectomy as compared to baseline measures. Similarly, a 

clinically meaningful decrease in fitness levels was observed from pre surgery to four weeks 

post surgery. In addition, this study recorded low physical activity levels across the study 

period; at diagnosis, post neoadjuvant treatment and four weeks post surgery. The final study 

in this thesis, Study 4, qualitatively explored the patients’ perspectives on their physical 

functioning from diagnosis and throughout their neoadjuvant treatment. This study gave a 

more in-depth evaluation of the impact of chemotherapy and radiotherapy on physical 

functioning and revealed that for most participants, neoadjuvant treatment did have some 

impact on physical functioning. However the majority of participants reported that the 

physical impact of neoadjuvant treatment was reasonably temporary and self limiting. While 

the objective measures of strength, fitness and physical activity levels were not significantly 

affected by chemotherapy and radiotherapy in Study 4, these measures were already low at 

diagnosis. As a result, this cohort may be an increased risk of post-operative complications. A 

prehabilitation intervention that would improve strength, physical activity and fitness pre-

operatively may positively influence these complications. Study 2 examined participants’ views 

on the development of a prehabilitation programme and the results overall indicated that a 

programme would be feasible between diagnosis and surgery. An important finding of this 

study however, was that the side effects of neoadjuvant treatment were experienced to 

varying degrees and at different times by participants. Therefore timing of interventions may 

have to be varied according to a patient’s response to therapy and reasonably flexible in terms 

of timing, structure and components. 
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Chapter 1 Introduction 

 

1.1 Oesophageal cancer 

 

The oesophagus is a long muscular tube that connects the pharynx to the stomach and forms 

part of the gastrointestinal (digestive) system. It is approximately 25 cm long in adults and is 

divided into three parts; the cervical, thoracic and abdominal oesophagus. The oesophagus is 

composed of four distinct tissue layers: a mucosal lining, a submucosal layer, a muscular layer 

and an outer covering layer of cells called the adventitia. The oesophagus is involved in the 

processes of swallowing and peristalsis to move substances from the mouth to the stomach. 

Cancer, also called malignancy, is an abnormal growth of cells. There are more than 100 types 

of cancer and each is classified by the type of cell that is initially affected. When altered cells 

divide uncontrollably, they form masses of tissue called tumors. Carcinomas develop from the 

epitheilial cells of organs and comprise at least 80% of all cancers. Other cancers arise from 

cells of the blood (leukaemias), immune system (lymphomas), and connective tissue 

(sarcomas). The lifetime prevalence of cancer is one in two for men and one in three for 

women (American Cancer Society, 2015). Cancer is one of the leading causes of morbidity and 

mortality worldwide.  

Cancer in the form of a tumour can occur in the cells of any part of the oesophagus. There are 

two main histological subtypes of oesophageal cancer: adenocarcinoma (AC) and squamous 

cell carcinoma (SCC). More than 90% of oesophageal cancers fall into one of these subtypes 

(Daly et al., 2000). Rarely, other carcinomas, melanomas, leiomyosarcomas, carcinoids, and 

lymphomas may also develop in the oesophagus (Enzinger and Mayer, 2003). In SCC, the 

cancer starts in the squamous cells that make up the inner lining of the oesophagus. In AC, the 

cancer starts in the gland cells which form the mucus in the lining of the oesophagus. When 

the origin is unknown, the cancer is defined as undifferentiated. Approximately three quarters 

of all adenocarcinomas are found in the distal oesophagus, whereas squamous cell carcinomas 

are mainly found in the middle and upper third of the oesophagus (Siewert et al., 2001).  
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1.1.1 Incidence and aetiology 

Oesophageal cancer is the eighth most common cancer worldwide and the sixth leading cause 

of cancer-related mortality (Ferlay et al., 2013). Ireland has one of the highest incidence rates 

of oesophageal cancer in Europe. According to the National Cancer Registry, an average of 386 

oesophageal cancers, 139 (36%) in females and 247 (64%) in males, was registered in Ireland 

between 2010 and 2012. Oesophageal cancer has a male to female ratio of over 2:1 and a peak 

incidence in the 60-80 age group. The epidemiology of oesophageal carcinoma has changed 

markedly over the past several decades. The incidence of oesophageal SCC has decreased 

while oesophageal AC has dramatically increased, particularly in developed countries (Thrift 

and Whiteman, 2012, Bosetti et al., 2008). This increasing incidence has been attributed to a 

“western” lifestyle, particularly the rising rates of obesity and metabolic syndrome (Devesa et 

al., 1998, Melhado et al., 2010).  

The exact aetiology and pathogenesis of oesophageal cancer is unknown but there are a 

number of risk factors associated with the disease (Table 1.1). Both increasing age and male 

gender are risk factors for oesophageal cancer. Smoking is the main avoidable risk factor for 

oesophageal cancer and is particularly associated with SCC. Alcohol consumption is also 

associated with SCC. Long term heavy drinkers of alcohol have an increased risk of 

oesophageal cancer and people who use both alcohol and tobacco are at an even greater risk. 

Overweight and obesity are associated with an increased risk of AC. In contrast, higher levels 

of body fat have been associated with a decreased risk of SCC (Vaughan et al., 1995). Diets that 

lack fruit and vegetables and vitamins A, C and riboflavin may increase the risk of oesophageal 

cancer. A history of gastro-oesophageal reflux disease has been associated with increased risk 

of AC, but not of SCC. Barrett’s oesophagus is associated with long standing reflux and 

increases the risk of developing cancer. There is also evidence that physical inactivity increases 

the risk of oesophageal cancer (Behrens et al., 2014). 
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Table 1.1 Risk factors for oesophageal cancer, by direction of association and strength of 
evidence (Source: National Cancer Registry Ireland) 

 Increases risk 
 

Decreases risk 

Convincing 
or probable 

 
Tobacco smoking 

 
Non-starchy vegetables 

 Smokeless tobacco Fruit 
 Alcohol Food containing beta-carotene 
 Greater body fatness (AC) Foods containing vitamin C 
 Gastro-oesophageal reflux disease Helicobactor pylori infection (AC) 
 Low socio-economic status Aspirin and other NSAIDS 
   
Possible  

Red meat 
 
Gastric atrophy (AC)  

 Processed meat  
 Pickled vegetables  
 High temperature drinks  
 Infection with human papilloma viruses (SCC)  
 Occupational exposure to hexavalent chromium  
 Gastric atrophy (SCC)  
Abbreviations: AC adenocarcinoma, SCC squamous cell carcinoma, NSAIDS non-steroidal anti 
inflammatory drugs. 

 

1.1.2 Signs and symptoms  

Oesophageal cancer is often diagnosed at an advanced stage because there are no early signs 

or symptoms. The most common presenting symptoms are dysphagia and weight loss. Less 

common symptoms include: odynophagia, gastro-oesophageal reflux, pain or discomfort 

(retrosternal or between the shoulder blades), hoarseness, persistent cough, vomiting, 

coughing up blood and chest pain. In addition, oesophageal cancer is associated with a 

relatively high frequency of malnutrition, sarcopenia and cachexia. Patients with oesophageal 

cancer are susceptible to developing malnutrition due to dysphagia and anorexia.  

 

1.1.3 Diagnosis and staging 

Oesophageal cancer is generally diagnosed using endoscopy (oesophagoscopy) and a barium 

swallow. Further tests including a computerised tomography (CT) scan, laparoscopy, an 

endoscopic ultrasound and a positron emission tomography (PET) scan are often carried out to 

stage the cancer. The TNM system is a widely recognised and accepted system used to stage 

cancers (Edge and Compton, 2010). Precise staging is essential to determine optimum 

treatment, as a baseline for response to treatment, and as a guide to the prognosis. T (tumour) 
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relates to the location and size of the cancer, N (nodes) refers to whether the cancer has 

spread to the lymph nodes and M (metastatic) describes whether the cancer has metastasised 

to other parts of the body. Oesophageal cancer can be staged as TX or T1-4, NX or T0-3 and 

M0-1 depending on how advanced it is. Numbered stages are also used to classify oesophageal 

cancer. These stages are briefly described in Table 1.2. The relationship between the 

numbered stages and the TNM system is described in Table 1.3.   

 

Table 1.2 Stages of oesophageal cancer 

Stage 0 Abnormal cells in mucosa or submucosa layer which may become cancerous. 
(High Grade Dysplasia) 

Stage I The cancer occurs in the superficial layers of cells lining the oesophagus. 
 

Stage II The cancer has invaded deeper layers of the oesophagus lining and may have 
spread to nearby lymph nodes. 
 

Stage III The cancer has spread to the deepest layers of the wall of the oesophagus 
and to nearby tissues or lymph nodes. 
 

Stage IV  The cancer has spread to distant tissues or organs. 
 

 

 

Table 1.3 Relationship between number and TNM stages for oesophageal cancer 

Stage IA T1 N0 M0 

Stage IB T2 N0 M0 

Stage IIA T3 N0 M0 

Stage IIB T1, T2 N1 M0 

Stage IIIA T4a N0 M0 

 T3 N1 M0 

 T1, T2 N2 M0 

Stage IIIB T3 N2 M0 

Stage IIIC T4a N1, N2 M0 

 T4b Any N  M0 

 Any T N3 M0 

Stage IV Any T Any N M1 
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1.1.4 Treatment 

The primary treatments for oesophageal cancer are surgery, chemotherapy and radiotherapy.  

Surgery is the primary curative treatment option and it is often carried out in conjunction with 

chemotherapy and radiotherapy. Oesophagectomy is the surgical removal of all or part of the 

oesophagus. There are two main types of oesophagectomy; transthoracic and transhiatal. A 

transthoracic oesophagectomy involves a thoracotomy and a laparotomy. Combined 

laparotomy and right thoracotomy is known as an Ivor Lewis procedure, or two stage 

oesophagectomy. A three incision transthoracic resection involving a laparotomy, thoracotomy 

and neck incision is known as a McKeown procedure, or three stage oesophagectomy. A 

transhiatal oesophagectomy involves a laparotomy and a neck incision. More recently, 

minimally invasive surgical techniques for oesophagectomy have also been introduced.  

While it has been suggested that transhiatal oesophagectomy is associated with lower 

morbidity rates than transthoracic oesophagectomy, mortality rates are generally similar 

between the different surgical approaches and there is no strong evidence favouring one 

method of oesophageal resection over another. The histological tumour type, its location, the 

extent of the proposed lymphadenectomy, patient factors and the experience of the surgeon 

should determine the operative approach (Allum et al., 2011).  

Chemotherapy and radiotherapy treatment can be delivered either neoadjuvantly (prior to 

surgery to shrink the tumour size to facilitate surgery), adjuvantly (following surgery to reduce 

the risk of recurrence) or in metastatic disease to ease symptoms and prolong life. The primary 

neoadjuvant and adjuvant treatment regimens for oesophageal cancer are the CROSS protocol 

and the MAGIC protocol. The MAGIC regimen consists of three cycles of chemotherapy pre-

surgery and a further three cycles of chemotherapy post-surgery. Each cycle of chemotherapy 

lasts three weeks. The drugs used in the MAGIC regimen include Epirubicin, Cisplatin and 5-

Flourouracil/Capecitabine. The CROSS protocol involves a combination of chemotherapy and 

radiotherapy prior to surgery. It consists of five weeks of radiotherapy and five weekly cycles 

of chemotherapy delivered concurrently. The radiotherapy (41.4 Gy/23 fractions) generally 

commences on the 1st day of treatment and runs for five weeks: days 1-5, days 8-12, days 15-

19, days 22-26 and days 29-31 inclusive. Chemotherapy is given by intravenous infusion on 

days 1, 8, 15, 22 and 29. The chemotherapy drugs include Paclitaxel and Carboplatin. A trial is 

currently underway in SJH to compare these two regimens in terms of one, two and three year 

survival in addition to a number of other outcomes (Keegan et al., 2014).  

Two recent meta-analyses have demonstrated a significant survival benefit of neoadjuvant 

chemoradiotherapy and neoadjuvant chemotherapy over surgery alone (Gebski et al., 2007, 
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Kidane et al., 2015). Accordingly this increasingly constitutes the standard of care for patients 

with locally advanced tumours, who do not have contraindications against this approach (Stein 

et al., 2005). There is no clear evidence to date that neoadjuvant radiotherapy improves 

survival for patients with resectable oesophageal cancer (Arnott et al., 2005). For patients with 

localised oesophageal adenocarcinoma deemed unsuitable for surgery, definitive 

chemoradiation is a valid treatment option (Anderson et al., 2007).  Toxicities arising from the 

treatments for oesophageal cancer will be discussed in Section 1.1.6. 

 

1.1.5 Prognosis and survival 

Treatment for oesophageal cancer has traditionally been associated with poor outcomes and 

consequently a poor prognosis, however morbidity and mortality rates post oesphagectomy 

have dramatically improved over the past two decades (Stein et al., 2005). Coinciding with a 

marked decrease in postoperative mortality, long term survival after oesophageal resection 

has also markedly improved in recent decades. Improved survival rates have been attributed 

to: changes in epidemiology, increased rate of early tumour stages, improved staging 

modalities, advances in surgical technique and perioperative management and an increased 

use of neoadjuvant treatment protocols (Stein et al., 2005). The improvement in five year 

survival rates in Ireland from 1994 – 2012 are shown in Table 1.4.  

 

Table 1.4 Five year net survival rates for oesophageal cancer in Ireland (Source: National 
Cancer Registry Ireland) 

Years Net Survival 

(age standardised) 

95% confidence intervals 

1994 - 1999 11.3% (9.6 – 12.9%) 

2000 - 2006 13.7% (12.0 – 15.5%) 

2006 - 2011 18.6% (16.5 – 20.8%) 

2008 – 2012* 18.3% (16.1 – 20.6%)  

*hybid estimate 

 

Notwithstanding this progress in survivorship, oesophageal cancer symptoms often present 

late in the progress of the disease and at diagnosis patients may already have an unresectable 

tumour or metastatic disease which results in continued poor survival rates for this particular 

group (Schlansky et al., 2006). Therefore a number of factors are important when considering 
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outcomes and survival rates associated with oesophageal cancer. Relevant factors include 

cancer stage, histological subtype, performance status and treatment type. For localised 

cancers, the five year survival rate is 40% or higher, for regional cancer the survival rate is 

approximately 20-30%, while for distant or metastasised cancers the survival rate is as low as 

4% (Howlader et al., 2015). The five year stage specific survival rates in Ireland, between 2008 

and 2012 are presented in Figure 1.1. In Ireland the five year survival rate for stage I cancer is 

almost 70%. The histological subtype of cancer has been identified as an independent 

prognostic indicator after oesophagectomy with the prognosis of resected ACs significantly 

better than that of resected SCCs (Stein and Siewert, 2004). Performance status or physical 

functioning is also an important consideration as higher fitness and physical activity levels prior 

to surgery have been shown to be associated with improved outcomes (Feeney et al., 2011, 

Murray et al., 2007, Moyes et al., 2013). 

 

 

 

Figure 1.1 Five year stage specific survival rates for oesophageal cancer in Ireland between 
2008 and 2012 (Source: National Cancer Registry Ireland)  
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1.1.6 Treatment side effects 

Currently, oesophageal resection is associated with morbidity rates of approximately 30% and 

mortality rates of up to 5% (Metzger et al., 2004, Gockel et al., 2005, Courrech Staal et al., 

2010). These rates are a vast improvement on the morbidity and mortality rates of 20 years 

ago which were approximately 50% and 20% respectively (Stein et al., 2005). Reasons for the 

improvement in outcomes after surgery are high hospital volumes, high surgeon volumes, 

patient selection, standardisation of surgical techniques and perioperative management and 

an aggressive approach to postoperative complications (Stein and Siewert, 2004). While 

current morbidity and mortality rates are a vast improvement on historical rates, treatment for 

oesophageal cancer is highly complex and continues to be associated with significant risks and 

side effects. The surgical trauma that oesophagectomy imposes is considered one of the 

greatest among general surgical populations. The surgery often involves the abdomen, chest, 

and neck, is technically complex and the margin of error is small (Law et al., 2004).  

Anastomotic leakage is a frequent surgical complication after oesophagectomy and can 

contribute to substantial morbidity. The most common medical complication is cardiac 

arrhythmia; however in most cases this is benign. Post-operative pulmonary complications 

(PPCs), particularly pneumonias, are the most common serious morbidity after 

oesophagectomy (Law et al., 2004). The effects of anaesthesia, post-operative pain, prolonged 

recumbency, immobility and the administration of medications can all result in respiratory 

abnormalities in the form of reduced lung volumes, decreased mucociliary clearance and 

suboptimal respiratory muscle function. The incidence of PPCs can reach above 30%, even in 

high volume centres (Law et al., 2004). There is conflicting evidence regarding the impact of 

postoperative morbidity on long term survival. While some studies have found a significant  

association between technical surgical complications and poorer survival rates (Rizk et al., 

2004, Rutegard et al., 2012, Luc et al., 2015), others have reported that surgical complications 

were not associated with a poorer overall survival (Hii et al., 2013, Ancona et al., 2006, Ferri et 

al., 2006). However, surgical complications have been shown to have a negative effect on 

several parameters of health related quality of life (HRQOL) in both short term (Rutegard et al., 

2008, Viklund et al., 2005) and long term survivors of oesophageal cancer (Derogar et al., 

2012) and therefore postoperative morbidity remains an important target for improvement.   

There are numerous side effects associated with chemotherapy and radiotherapy treatments 

which depend on the individual and the dose used. Chemotherapy is a cytotoxic agent and 

therefore in the process of destroying cancer cells, treatments also damage healthy tissue. 

Chemotherapy drugs used in the treatment of oesophageal cancer include Epirubicin, 
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Cisplatin, 5-Flourouracil/Capecitabine, Paclitaxel and Carboplatin. These are all associated with 

a number of side effects including fatigue, nausea, vomiting, risk of infection, 

myelosuppression, anaemia, myopathies and neuropathies, as well as hepatic, renal and 

cardiac toxicities. Peripheral neuropathies are most often as a result of treatment with 

Cisplatin and taxanes such as Paclitaxel (Peedell, 2005). Cisplatin is the drug most responsible 

for nephrotoxicity. Anthracyclines, such as Epirubicin are particularly associated with 

cardiotoxicities, specifically cardiomyopathy and congestive heart failure (Volkova and Russell, 

2011, Peedell, 2005). In addition, Paclitaxel can cause cardiac disturbances including 

ventricular arrhythmias, bradycardia, atrioventricular conduction block, bundle branch block 

and cardiac ischaemia while 5-Flourouracil can cause angina-like chest pain (Bovelli et al., 

2010).   

Side effects from radiotherapy can include fatigue, skin reactions, oropharyngeal mucocitis, 

oesophagitis, nausea and neuropathies. As radiation therapy for oesophageal cancer is carried 

out in the thoracic region it carries a particular risk of pulmonary side effects such as radiation 

pneumonitis and pulmonary fibrosis (Tsoutsou and Koukourakis, 2006). Late effects of 

gastrointestinal radiotherapy include strictures, obstruction, perforation, bleeding, diarrhoea 

and malabsorption (Peedell, 2005). Late effects are more common and severe with greater 

total doses of radiation, larger fraction sizes and larger treatment volumes (Peedell, 2005).  

As discussed in Section 1.1.2, common symptoms of oesophageal cancer are dysphagia, weight 

loss and sarcopenia. Treatment for oesophageal cancer may further compound this earlier 

weight loss and muscle wasting. As oesophageal resection involves extensive reconstruction of 

the upper gastrointestinal tract, it carries a risk of malnutrition. In addition, problems with 

dysphagia due to stricture of the anastomosis and gastro-oesophageal reflux owing to 

resection of the lower oesophageal sphincter are common after surgery. Weight loss is one of 

the most pronounced side effects up to six months post surgery. Almost two-thirds of patients 

lose at least 10% of their preoperative BMI during the six months after operation, with one 

fifth losing at least 20% (Martin et al., 2007) and weight loss can continue up to three years 

post-operatively (Martin and Lagergren, 2009). Post-operative malnutrition can negatively 

influence the chance of survival, as well as the efficacy of treatment. It has been shown that 

malnutrition can double the risk for long term cancer recurrence (D'Journo et al., 2012). 

As a result of the toxicities associated with treatments, patients with oesophageal cancer 

exhibit many symptoms and losses of functional ability which can have a significant impact on 

HRQOL. As the prognosis of oesophageal cancer remains quite poor, particularly for those 

diagnosed at later stages, HRQOL is an outcome of particular importance (Viklund et al., 2006, 
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Parameswaran et al., 2008). The measurement of HRQOL is useful for providing additional 

information which will enhance the usual clinical endpoints used in determining the benefits 

and toxicity of treatment. Therefore increased research is warranted to measure the impact of 

treatment on HRQOL and importantly, to develop strategies to optimise outcomes in this 

group.   

 

1.2 Impact of cancer and cancer treatment on physical functioning 

 

Physical functioning is an important component of HRQOL. HRQOL is defined as the functional 

effect of a medical condition and/or its consequent therapy upon a patient. It is a 

multidimensional concept which consists of physical, mental, emotional and social functioning 

(Figure 1.2). The measurement of HRQOL is particularly useful for elucidating the effects of 

various cancers and their treatments on patients’ lives. While cancer survivors can experience 

losses in all functional domains, it has been shown that their losses are most profound in the 

area of physical functioning (Hewitt et al., 2003) and that HRQOL is more often influenced by 

physical issues than emotional problems (Weaver et al., 2012). Poor physical functioning is 

associated with decreased overall HRQOL and an increased risk of disability in cancer survivors 

and therefore is increasingly being recognised as an outcome of importance across the cancer 

continuum (Blanchard et al., 2004, Mosher et al., 2009). The measurement of physical 

functioning is described in Chapter 2.  

 

 

 

Figure 1.2 Components of HRQOL 

 

Mental 

Social Emotional 

Physical 
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A diagnosis of cancer and curative cancer treatments pose challenges for multiple body 

systems involved in overall physical functioning. Cancer and cancer therapy have the potential 

to affect the health-related components of physical fitness as well as neuromotor function 

(Pescatello, 2013). As described in Section 1.1.6, common physical side effects of cancer and 

its treatment include fatigue, myopathies, neuropathies, cachexia, sarcopenia and pain.  These 

can all lead to deficits in aspects of physical functioning including physical activity, fitness and 

strength. Up to 90% of all survivors of cancer can experience cancer-related fatigue (Prue et 

al., 2006). Cancer related fatigue is particularly prevalent in patients receiving chemotherapy 

and radiotherapy and may persist for months or years after treatment completion.  Cancer 

related fatigue is associated with a number of physiological and psychological mechanisms and 

persistent fatigue can have a considerable negative impact on physical functioning into 

survivorship (Hofman et al., 2007). Radiotherapy and chemotherapy can disturb muscle 

integrity and result in myopathies which can cause muscle imbalance and weakness. Similarly, 

decreased sensation and paraesthesia as a result of peripheral neuropathies can cause 

difficulties with walking. Cachexia occurs in up to 80% of patients with upper gastrointestinal 

cancers (Laviano and Meguid, 1996, Bruera, 1997) and is characterised by a loss of skeletal 

muscle mass. Decreased muscle strength, due to both decreased protein synthesis and 

increased muscle proteolysis, is a key feature of this condition (Strasser, 2008) and accordingly 

cachexia is associated with fatigue, weakness and poor physical performance (Donohoe et al., 

2011b). Pain can be caused by surgery (incision sites), chemotherapy (painful neuropathies 

causing burning pain in hands and feet) or radiotherapy (irradiating skin, scarring nerves) and 

can be a barrier to optimal physical and functional recovery.  

There is a growing body of evidence in the area of physical functioning in cancer survivorship. 

This research has identified suboptimal fitness and physical activity levels in survivors of 

breast, prostate, colorectal and lung cancer (Jones et al., 2008b, Lynch et al., 2011, Forbes et 

al., 2014, Broderick et al., 2014b). In addition, a large population based study of cancer 

survivors five years or more post treatment found that more than half report physical 

performance limitations including crouching/kneeling, standing for two hours, lifting/carrying 

4.5kg and walking 0.4 km (Ness et al., 2006). The majority of research to date in this area 

however has been carried out in cancers such as breast, prostate and colorectal and less so in 

more complex cancers such as oesophageal. The aggressiveness of oesophageal cancer in 

addition to the complexity of its treatment may result in a more profound impact on physical 

functioning. Therefore in order to gain a greater understanding of the impact of treatment on 

physical functioning, specifically in patients with oesophageal cancer, a systematic review of all 
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the evidence currently available on this topic was completed, which is described in the 

following section.  

1.3 Impact of oesophageal cancer treatment on physical functioning  

A systematic review of the literature was carried out to investigate the impact of curative 

treatment for oesophageal cancer on physical functioning. Preliminary non systematic and 

informal searching of the literature by the researcher (JG) indicated that there was a paucity of 

published studies with objective data on physical functioning in patients with oesophageal 

cancer. There is, however, a large body of evidence regarding HRQOL in this population. For 

the purpose of this systematic review, both subjective and objective measures of physical 

functioning were included. Due to the large amount of HRQOL literature in this cohort, a meta-

analysis of the results for subjectively measuring physical functioning was planned.  

Commonly used HRQOL questionnaires often contain a subscale which relates specifically to 

physical functioning. The European Organisation for Research and Treatment of Cancer Quality 

of Life Questionnaire (EORTC-QLQ) is a frequently used HRQOL questionnaire in cancer 

populations. This measure is described in detail in Section 2.5.2. Other commonly used HRQOL 

measures include the Medical Outcomes Study 36-Item Short Form Survey (SF-36), the Medical 

Outcomes Study 20-Item Short Form Survey (MOS SF-20), the Rotterdam Symptom Checklist 

(RSCL) and the Functional Assessment of Cancer Therapy – for patients with Esophageal cancer 

(FACT-E). Both the SF-36 and the SF-20 have a ‘physical functioning’ subscale. The subscale 

consists of 10 items in the SF-36 and six items in the SF-20. Included items relate to the 

patient’s ability to complete moderate and vigorous activities, bend, lift, walk, walk uphill and 

to complete self care activities. The RSCL measures physical functioning using the ‘activity 

level’ subscale which consists of eight items. Items included are self care, walking, light 

housework, climbing stairs, heavy housework, walking outdoors, going shopping and going to 

work. The FACT-E assesses physical functioning primarily with the ‘physical well-being’ 

subscale. The subscale consists of seven items which include: energy levels, nausea, pain, 

treatment side effects, and needing bed rest.   
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1.3.1 Aims and objectives 

The aim of this systematic review was to investigate the effect of neoadjuvant therapy 

(chemotherapy and/or radiotherapy) and surgery on physical functioning in oesophageal 

cancer patients.   

The objectives of this review were:  

 To measure the effect of curative treatment for oesophageal cancer on subjectively 

reported physical functioning.  

 To investigate the effect of curative treatment for oesophageal cancer on objectively 

measured physical functioning. 

  

1.3.2 Methods 

1.3.2.1 Inclusion/Exclusion criteria 

Studies were eligible and included in the review only where they reported on: 

 Participants:  Patients with oesophageal cancer undergoing treatment with a curative 

intent.  

 Exposure: Primary neoadjuvant therapy (chemotherapy and/or radiotherapy) or 

surgery with a curative intent.  

 Outcomes: Physical functioning measured subjectively as a domain of a 

psychometrically validated, multidimensional, patient-reported outcome measure 

(PROM) or objectively using a measure of fitness, muscle strength or physical activity. 

 Study type: Randomised controlled trials (RCTs) or longitudinal studies where outcome 

was assessed at baseline (pre-treatment) and at one or more time points post 

treatment.  

 

Studies were excluded that (1) reported on questionnaire development or validation, (2) 

assessed HRQOL as a predictive or prognostic indicator of clinical outcomes, (3) reported on 

cost analyses, (4) assessed interventions in addition to primary neoadjuvant therapy and 

surgery (e.g enhanced nutritional support during chemotherapy), (5) assessed treatments for 

cervical oesophageal cancer or (6) reported on oesophageal cancers not amenable to 

oesophagectomy. Non English language texts and non full text articles (e.g. conference 

abstracts) were also excluded.  
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1.3.2.2 Search and selection strategies 

The search strategy was developed in consultation with a medical librarian, which was tailored 

to each individual database. One author (JG) conducted searches using EMBASE, PubMed, 

CINAHL, Scopus and PsycINFO databases to include publications from inception of the 

database up to 1st April 2015. The following key words (among others) were used in various 

combinations: “o/esophageal cancer”, “o/esophageal neoplasm“, “o/esophageal 

adencarcinoma” “o/esophageal carcinoma” o/esophagectomy”,” o/esophagogastrectomy, 

“o/esophageal surgery”, “o/esophageal resection”, “neoadjuvant treatment”, 

“chemotherapy”, “radiotherapy”, “radiation therapy”, “chemoradiotherapy”, “combined 

modality therapy”, “multimodal treatment”, “physical function/ing”, “physical activity”, 

“fitness”, “physical performance”, “physical capacity”, “exercise”, “strength”, “quality of life”, 

“health status”, and “functional status”. In addition, similar subject terms, relevant to each 

individual database were searched. Full details of the search strategies for each database can 

be found in Appendix I.  

The titles and abstracts of all studies identified through the search strategy were reviewed and 

assessed for eligibility by two authors (JG and LON). All potentially relevant articles were then 

independently reviewed as full text articles by two authors (JG and LON). Disagreements 

between the reviewers were resolved through discussion to achieve consensus. Failing 

agreement, a third reviewer (EG) arbitrated. 

 

1.3.2.3 Quality assessment of included studies 

For the studies to be included the meta-analyses the “Checklist for Measuring Study Quality” 

(Downs and Black, 1998) was used to measure study quality.  The “Checklist for Measuring 

Study Quality” can be used to assess the quality of both randomised and non-randomised 

studies and contains 27 ‘yes’-or-'no’ questions across five sections. The tool provides both an 

overall score for study quality and a numeric score out of a possible 30 points. The five 

sections include questions about: (1) study quality (10 items) – the overall quality of the study, 

(2) external validity (3 items) – the ability to generalise findings of the study, (3) study bias (7 

items) – to assess bias in the intervention and outcome measure(s), (4) confounding and 

selection bias (6 items) – to determine bias from sampling or group assignment and (5) Power 

of the study (1 items) – to determine if findings are due to chance. This instrument has been 

shown to be both valid and reliable (Downs and Black, 1998) and has been recommended for 

assessing risk of bias in non-randomised studies (Deeks et al., 2003). A copy of this checklist is 
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included in Appendix II. For question 27, which relates to power and sample size, the question 

was simplified to a yes or no answer indicating whether or not a power calculation was carried 

out. Therefore in this review, scores for the quality assessment were calculated from a 

maximum of 28. The following cut points to categorise studies by quality have been proposed 

and used in the literature: excellent (26-28), good (20-25), fair (15-19) and poor (≤14) 

(Silverman et al., 2012, Kennelly, 2011, Hooper et al., 2008).These categories were applied to 

the scores from the quality assessment in this review to give a broad evaluation of overall 

study quality. The quality assessment of studies included in the meta-analyses was carried out 

by two authors (JG and LON). Disagreements between the reviewers were resolved through 

discussion to achieve consensus or consultation with a third reviewer (EG). Consultation with a 

third reviewer was necessary for two studies.  

 

1.3.2.4 Data extraction 

A pre-defined data extraction sheet was used by two authors (JG and LON) to record data on 

study design and results. Items that were extracted included: key study characteristics, patient 

characteristics, treatments carried out, instrument(s) used to measure physical functioning 

and the number and timing of the assessments of physical functioning. Where email addresses 

were provided, authors were contacted for additional results and information in the case of 

insufficient data in the original manuscript. Where studies compared different treatment 

regimes (e.g definitive chemoradiation vs surgery only), only the group that met the inclusion 

criteria was included. 

  

1.3.2.5 Data synthesis and analysis 

Meta-analysis of subjectively measured physical functioning 

Due to the large amount of HRQOL data available, meta-analyses were used to measure the 

impact of treatment on subjectively reported physical functioning. The EORTC-QLQ was the 

most widely used subjective measure of physical functioning and therefore studies using this 

measure were included in the meta-analyses. Inclusion criteria for the meta-analyses were: 

numerical results for the physical functioning subscale of the EORTC-QLQ measured at baseline 

(pre-surgery) and at either; 1-3 months, 4-6 months or 10-12 months post treatment. Studies 

were excluded from the meta-analyses where the specific results needed were not detailed in 

the paper and it was either: impossible to contact the author, there was no response from the 
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author or the author was not able to provide the relevant data. Studies using a HRQOL 

questionnaire other than the EORTC-QLQ were too few to be analysed separately and 

therefore were also excluded from the meta-analysis.  

For the purpose of the meta-analyses in this review, results for open surgery (transhital or 

transthoracic oesophagectomy) and minimally invasive oesophagectomy were analysed 

separately. Heterogeneity was measured using the I2 statistic which describes the percentage 

of total variation across studies that is due to heterogeneity rather than chance (Higgins et al., 

2003). 

Narrative review of subjectively measured physical functioning  

The studies which subjectively measured physical functioning but were not suitable for 

inclusion in the meta-analysis were included separately in a narrative review.  

Narrative review of objectively measured physical functioning 

The studies which objectively measured physical functioning were included in a narrative 

review.  

1.3.3 Results 

1.3.3.1 Identification and selection of studies  

The systematic database search identified 3244 citations (1682 from EMBASE, 783 from 

PubMed, 89 from CINAHL, 670 from Scopus and 20 from PsychINFO). After removing 

duplicates, 1899 unique citations were screened by title and abstract and, of these, 1787 

citations were excluded as they did not meet the inclusion criteria for the review. Full-text 

papers of the remaining 112 citations were obtained and reviewed. Sixty nine of these were 

excluded for reasons detailed in Figure 1.3. This resulted in 43 papers for inclusion in the 

review. Of the included studies, 16 were suitable for inclusion in the meta-analysis of 

subjectively measured physical functioning, 20 were included in the narrative review of 

subjectively measured physical functioning and seven were included in the narrative review of 

objectively measured physical functioning.  
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Figure 1.3 Flow chart of publication identification (PF physical functioning)
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1.3.3.2 Meta-analyses of subjectively measured physical functioning  

 

Study design and characteristics  

Sixteen studies were suitable for inclusion in the meta-analyses (Chang et al., 2014, Barbour et 

al., 2008, Hong et al., 2013, van Meerten et al., 2008, Ramakrishnaiah et al., 2014, Reynolds et 

al., 2006, Parameswaran et al., 2010, Nafteux et al., 2011, Wang et al., 2010, Wang et al., 2011, 

Wang et al., 2015, Lv et al., 2014, Leibman et al., 2006, Teoh et al., 2011, Lagergren et al., 

2007, Avery et al., 2007a) Included articles were published between 2006 and 2015. Of the 16 

studies suitable for inclusion in the meta-analysis, there were 13 longitudinal studies, one RCT, 

one phase II trial and one longitudinal study where the participants were randomly assigned to 

either open or minimally invasive surgery.  All studies measured physical functioning as a 

subsection of the EORTC-QLQ. Sample sizes ranged from 25 to 444 participants and the studies 

included a mixture of patient groups with regards to cancer histology (AC, SCC and others) and 

stage (stage 0-IV). The studies evaluated patients who had received multimodal treatment or 

surgery only. Surgery types evaluated included open (transthoracic and transhiatal) and 

minimally invasive oesophagectomy (MIO).  Characteristics of the included studies are detailed 

in Table 1.5. 
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Table 1.5 Study and patient characteristics for the studies included in the meta-analyses of subjectively measured physical functioning 

Author (year) Study 
period 

Type of study  Sample size* Me(di)an age 
(SD/range) 

Histology Stage Surgery 
type(s) 

Neoadjuvant/ 
adjuvant treatment  

Chang et al., 
(2014) 

2008-
2011 

Prospective 
longitudinal  

99 55.5  (32-83) AC, SCC 0-III Open  NACRT: 70% 

Barbour et al., 
(2008) 

2000-
2003 

Prospective 
longitudinal 

43 60 (9) Siewert type I-III 
AC 

TX,T1-3, 
NX, N0-
1, M0 

Open - TTO   NACT or NACRT: 
84% 

Hong et al., 
(2013) 

2009-
2011 

Retrospective 
longitudinal† 

Open: 59 
MIO: 55 

Open:  55.56 (10.84) 
MIO: 56.13 (10.73) 

Siewert type I 
AC 

II-III 
 

Open - TTO,  
MIO 

ACT: 59% (open) & 
65% (MIO) 

van Meertan et 
al., (2008) 

2001-
2004 

Prospective phase 
II 

50 59 (40-75)  AC, SCC, other T2-3, 
N0 -1 

Open NACRT: 100% 

Ramakrishnaiah 
et al., (2014)  

2007-
2009 

Prospective 
longitudinal 

55 52.6 (10.9) AC, SCC, other 0-III Open - THO 
& TTO 

NART:  49.1%, 
NACT:  3.6% 
ACT or ACRT: 22%  

Reynolds et al., 
(2006) 

1999-
2004 

Prospective 
longitudinal  

147 61 (29-79) AC, SCC I-IV Open - TTO 
& THO 

NACRT: 51% 

Parameswaran 
et al., (2010) 

2005-
2007 

Prospective 
longitudinal  

55 67 (49-80) AC, SCC, HGD 0-III MIO NACT: 77% 

Nafteux et al., 
(2011) 

2005-
2010 

Retrospective 
longitudinal 

Open: 101 
MIO: 65 

Open: 64.1 (29-82) 
MIO: 63.1 (41-82) 

AC, SCC, other T<2, 
N0, 
MO 

Open-TTO, 
 MIO 

None 

Wang et al., 
(2010) 

2007-
2008 

Longitudinal Open: 29  
VATS: 27  

Open: 60.7 (9.3) 
VATS: 58.2 (11.5) 

AC, SCC, 
undifferentiated 

0-III Open-TTO, 
VATS 

None 

Wang et al., 
(2011) 

2007-
2009 

Retrospective 
longitudinal 

97 61 (8.25) AC, SCC, 
undifferentiated 

0-III MIO None 
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Author (year) Study 
period 

Type of study  Sample size* Me(di)an age 
(SD/range) 

Histology Stage Surgery 
type(s) 

Neoadjuvant/ 
adjuvant treatment  

Wang et al., 
(2015) 

2004-
2013 

Retrospective 
longitudinal 

Open: 444 
MIO: 444 

Open: 56 (38-76) 
MIO: 56 (32-77) 

SCC 0-IV Open -TTO, 
 MIO 

NACT or NACRT:  
17% (open)  
18% (MIO) 
 

Lv et al., (2014) 2011-
2013 

Longitudinal  50 <65: 56% 
≥65: 44% 

AC, SCC, other  0-IV Open - TTO None  

Leibman et al.,  
(2006) 

1998-
2000 

Prospective 
longitudinal  

25 61 (38-77) AC, SCC, HGD 0-III MIO NACRT: 32% 

Teoh et al., 
(2011) 

2000-
2004 

Prospective RCT 45  62 (9.15) SCC T1-4,  
N1,  
M1 

Open - TTO None 

Lagergren et 
al., (2007) 

2000-
2003 

Prospective 
longitudinal  

47 63 (44-79) AC, SCC, HGD 0-III Open - TTO 
& THO 

NACT or NACRT: 62% 

Avery et al., 
(2007) 

2000-
2004 

Prospective 
longitudinal 

69 62.4 (8.5) AC, SCC II-III Open - TTO NACT or NACRT: 
100% 

*Number who completed baseline questionnaires. † Randomly assigned to surgery type. § Information not available in article. Abbreviations: RCT randomised 
controlled trial, AC adenocarcinoma, SCC squamous cell carcinoma, HGD high grade dysplasia, TTO transthoracic oesophagectomy, THO transhiatal oesophagectomy, 
MIO minimally invasive oesophagectomy, VATS video assisted thoracoscopic surgery, NACT neoadjuvant chemotherapy, NART neoadjuvant radiotherapy, NACRT 
neoadjuvant chemoradiotherapy, ACT adjuvant chemotherapy, ACRT adjuvant chemoradiotherapy.  
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Study quality  

All of the studies included in the meta-analysis were categorised as fair or good quality, with 

an average score of 18 out of 27 in the Downs and Black Checklist. As no study was deemed of 

poor quality, all suitable studies were included in the meta-analyses. Appendix III contains the 

details of the quality assessment for each study. The majority of the studies were clear about 

their main objective, outcomes to be measured, interventions of interest, main outcomes, 

estimates of variability and loss of participants. The most common areas where studies 

demonstrated poor quality was internal validity; in particular the lack of blinding of the 

participants and assessors to the intervention and the lack of randomisation to the 

intervention. However this was to be expected due to the small number of RCTs included in 

the review. In addition the majority of included studies did not carry out a power calculation. 

 

Meta-analysis results  

Impact of open surgery on physical functioning 

Thirteen studies measured the impact of open surgery (transthoracic or transhiatal 

oesophagectomy) on physical functioning. These studies compared physical functioning scores 

at baseline with scores at 1-3 months, 4-6 months and 10-12 months. Of the 13 studies 

included overall, 11 measured physical functioning at 1-3 months, 10 measured physical 

functioning at 4-6 months and five measured physical functioning at 10-12 months. The meta-

analyses were completed as planned, however heterogeneity between studies was high and 

therefore the results presented here should be interpreted with caution. This is discussed 

further below. The mean difference (standard deviation (SD)) scores from baseline to post 

surgery for the studies included at each time point are illustrated in the following forest plots: 

Figure 1.4, Figure 1.5 and Figure 1.6.  
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Figure 1.4 Mean difference in physical functioning scores at 1 - 3 months post open surgery 
(I2 for heterogeneity = 97.55%)  

 

At 1 - 3 months post surgery all included studies recorded a decrease in physical functioning 

scores from diagnosis. The mean (SD) decrease ranged from 9 (14.04) points (Hong et al., 

2013) to 36 (26.23) points (Avery et al., 2007b).  
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Figure 1.5 Mean difference in physical functioning scores at 4 - 6 months post open surgery 

(I2 for heterogeneity = 98.4%)  

At 4 - 6 months post surgery 10 of the 11 included studies recorded a decrease in physical 

functioning scores from baseline. The mean (SD) decrease ranged from 5.2 (23.15) points 

(Ramakrishnaiah et al., 2014) to 35.4 (11.84) points (Wang et al., 2015). In contrast, one study 

reported a mean increase of 8.4 (24.47) points as compared to baseline (Lv et al., 2014).  
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Figure 1.6 Mean difference in physical functioning scores at 10 - 12 months post open 
surgery (I2 for heterogeneity = 85.6%)  

 

At 10 - 12 months post surgery four of the five included studies recorded a decrease in physical 

functioning scores from baseline. The mean (SD) decrease ranged from 7 (13.83) points (van 

Meertan et al., 2008) to 12.78 (24.60) points (Wang et al., 2015). In contrast, one study 

reported a small increase of 3.35 (17.77) points as compared to baseline (Ramakrishnaiah et 

al., 2014).  

 

Impact of minimally invasive surgery on physical functioning 

Seven studies measured the impact of minimally invasive oesophagectomy on physical 

functioning. These studies compared physical functioning scores at baseline with scores at 1 - 3 

months, 4 - 6 months and 10 - 12 months. Of the seven studies included overall, six measured 

physical functioning at 1 - 3 months, five measured physical functioning at 4 - 6 months and 

four measured physical functioning at 10 - 12 months. The meta-analyses were completed as 

planned, however heterogeneity was high for some of the meta-analyses and therefore the 

results presented here should be interpreted with caution. The mean difference (SD) scores 
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from baseline to post surgery for the studies included at each time point are each illustrated in 

the following forest plots: Figure 1.7, Figure 1.8 and Figure 1.9.   

 

 

Figure 1.7 Mean difference in physical functioning scores at 1 - 3 months post minimally 
invasive surgery (I2 for heterogeneity = 95.5%)  

 

At 1 - 3 months post surgery five of the six included studies recorded a decrease in physical 

functioning scores from baseline. The mean (SD) decrease ranged from 0.8 (10.65) points 

(Wang et al., 2010) to 15.92 (22.12) points (Nafteux et al., 2011). In contrast, one study 

recorded a very minor increase of 0.4 (14.04) points in the physical functioning score as 

compared to baseline (Hong et al., 2013). 
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Figure 1.8 Mean difference in physical functioning scores at 4 - 6 months post minimally 
invasive surgery (I2 for heterogeneity = 86.5%)  

 

At 4 – 6 months post surgery four of the five included studies recorded a decrease in physical 

functioning scores from baseline. The mean (SD) decrease ranged from points 1.8 (11.92) 

(Wang et al., 2011) to 11 (27.79) points (Leibman et al., 2006). In contrast, one study recorded 

a very minor increase of 0.5 (10.34) points in the physical functioning score as compared to 

baseline (Wang et al., 2010).   
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Figure 1.9 Mean difference in physical functioning scores at 10 - 12 months post minimally 
invasive surgery (I2 for heterogeneity = 6.74%)  

 

At 10 - 12 months post surgery all included studies recorded a decrease in physical functioning 

scores from diagnosis. The mean (SD) decrease ranged from 3 (20.97) points (Parameswaran et 

al., 2010) to 10.23 (18.77) points (Nafteux et al., 2011). 

 

Meta-analyses limitations 

There was a very high level of heterogeneity in the meta-analyses included in this review 

ranging from 85.6% to 97.55% (Figures 1.4 - 1.8) as measured by the I2 statistic. Just one meta-

analysis of the difference in physical functioning from baseline to 10 - 12 months post 

minimally invasive oesophagectomy had a low level of heterogeneity (6.74%) (Figure 1.9). 

Therefore for five of the six meta-analyses there appears to be a significant inconsistency 

between the treatment effects as measured by each study. These findings limit the 

generalisation of the results of the meta-analyses. Therefore for the purposes of this review, 

the forest plots are primarily presented for descriptive purposes. 
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1.3.3.3 Narrative review of subjectively measured physical functioning  

 

Study design and characteristics  

The remaining studies identified for inclusion in this review were not suitable for inclusion in 

the meta-analyses and are described in this section. These studies subjectively measured 

physical functioning and the majority reported the results graphically. Included articles were 

published between 1992 and 2015. Of the 20 studies included in the narrative review, there 

were 14 longitudinal studies, two RCTs, one phase II trial and three studies which measured 

physical functioning pre and post treatment, one of which randomly assigned participants to 

receive chemotherapy or not. Fourteen studies measured physical functioning using a subscale 

of the EORTC-QLQ. The remainder of the studies measured physical functioning as a subscale 

of other HRQOL questionnaires. Two studies used both the MOS SF-20 and the RSCL, one used 

the RSCL only, one used the SF-36 and another two used the FACT-E. Sample sizes ranged from 

24 to 199 participants and the studies included a mixture of patient groups with regards to 

cancer histology (AC, SCC and others) and stage (stage 0-IV). The studies evaluated patients 

who had received multimodal treatment or surgery only. Surgery types evaluated included 

open (transthoracic and transhiatal) and minimally invasive oesophagectomy. Characteristics 

of the included studies are detailed in Table 1.6.  
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Table 1.6 Study and patient characteristics for studies included in the narrative review of subjectively measured physical functioning 

First author 
(year) 

Study 
period 

Type of study  Sample 
size  

Me(di)an age 
(SD/range) 

Histology Stage Surgery 
type(s) 

Neoadjuvant/ 
adjuvant 
treatment  

HRQOL 
questionnaire 
used 

Huang et al., 
(2015) 

2012-2013 Prospective 
longitudinal 

196 ≤60: 49% 
>60: 51% 

SCC, other 0-III Open -TTO, 
MIO 

ACT or ACRT: 14% EORTC-QLQ 

Blazeby et al., 
(2000) 

1993-1995 Longitudinal 55 67 (51-79) 
 

AC, SCC II-III Open NACT: 9% EORTC-QLQ 

Zeng & Liu 
(2012) 

2010 Prospective 
longitudinal 

90 62.4 (9.53) 
 

SCC I-III Open -TTO,  
MIO 

None EORTC-QLQ 

Shen et al., 
(2015) 

2005-2007 Longitudinal 62 <60: 27% 
≥60: 73% 
 

AC, SCC 0-III Open - TTO, 
HVATS 

None EORTC-QLQ 

Gradauskas 
et al., (2006) 

§ Longitudinal 49 59.68 (9.58) 
 

AC, SCC I-III Open § EORTC-QLQ 

Egberts et al., 
(2008) 

1998-2006 Prospective 
longitudinal 

105 62.4 (9.1) AC, SCC, 
other 

I-IV Open-TTO NACRT: 42% 
ACT: 36% 

EORTC-QLQ 

Hauser et al., 
(2014) 

1998-2009  Prospective 
longitudinal 

131 62.4 (9.1) AC, SCC I-IV Open -TTO NACT or NACRT: 
36% 

EORTC-QLQ 

Kataria et al., 
(2012) 

2004-2005 Longitudinal 
(pre & post 
measures) ‡ 

30 52 (35-70) § § Open -THO NACT: 50% 
ART: 100% 

EORTC-QLQ 

Scarpa et al., 
(2013) 

2009-2011 Prospective 
longitudinal 

126 60.5 (53-67) AC, SCC, 
other 

T0-4, 
N0-3, 
M0-1 

Open -TTO NACT or NACRT: 
77% 
ACT: 70% 

EORTC-QLQ 

Schneider et 
al., (2010) 

2001-2005 Longitudinal 24 59 (52-75) AC, SCC § Open  § EORTC-QLQ 

Donohue et 
al., (2011) 

1985-2009 Longitudinal 
(pre & post 
measures)  
 

67 § AC, SCC, 
other 

I-IV Open – TTO 
& THO 

§ EORTC-QLQ 
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First author 
(year) 

Study 
period 

Type of study  Sample 
size  

Me(di)an age 
(SD/range) 

Histology Stage Surgery 
type(s) 

Neoadjuvant/ 
adjuvant 
treatment  

HRQOL 
questionnaire 
used 

Cense et al., 
(2006) 
 

1994-2003 Prospective 
longitudinal  

92 63 (35-78) AC 0-IV Open-TTO None MOS SF-20 & 
RSCL 

de Boer et al., 
(2004) 

1994-2003 RCT 199  62 (23-78) 
 

AC § Open –TTO 
& THO 

None MOS SF-20 & 
RSCL 

Aly et al., 
(2010) 

2004-2007 RCT 56 64.5 § I-III Open - TTO NACT or NACRT: 
33% 

EORTC-QLQ 

Luketich et 
al., (2003) 

1996-2002 Prospective 
longitudinal 

57  66.5 (39-89) AC, SCC. 
HGD 

§ MIO § SF-36 

Safieddine et 
al., (2009) 

2002-2005 Prospective 
phase II  

52 60 (33-79) AC, SCC, 
other 

II-IV Open - TTO NACRT: 100% FACT-E 

van 
Knippenberg 
et al., (1992) 

1984-1987 Longitudinal 
(pre & post 
measures)  

62 58.1 (9.9) § § Open  NART: 43% RCSL 

Brooks et al., 
(2002) 

1998-2000 Longitudinal  38 62.4 (42-82) AC, SCC, 
HGD, other 

0-III Open NACT or NACRT: 
53% 
 

FACT-E 

Blazeby et al., 
(2005) 

2000-2003 Prospective 
longitudinal 

103 63.83 (8.73) AC, SCC I-IV Open - TTO NACRT: 33% 
NAC: 47% 

EORTC-QLQ 

Zieren et al., 
(1996) 

§ Longitudinal  30 57 (10) AC, SCC § Open-TTO, 
THO  

None EORTC-QLQ 

§ Information not available in article. ‡Randomly assigned to chemotherapy. Abbreviations: RCT randomised controlled trial AC adenocarcinoma, SCC squamous cell 
carcinoma, HGD high grade dysplasia, TTO transthoracic oesophagectomy, THO transhiatal oesophagectomy, MIO minimally invasive oesophagectomy, HVATS hand 
video assisted thoracoscopic surgery, NACT neoadjuvant chemotherapy, NART neoadjuvant radiotherapy, NACRT neoadjuvant chemoradiotherapy, ACT adjuvant 
chemotherapy, ACRT adjuvant chemoradiotherapy, EORTC-QLQ European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire, MOS SF-
20 Medical Outcomes Study 20-Item Short Form Survey, SF-36 Medical Outcomes Study 36-Item Short Form Survey, RSCL Rotterdam Symptom Checklist, FACT-E 
Functional Assessment of Cancer Therapy – for patients with Esophageal cancer. 
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Narrative review results  

 

Impact of neoadjuvant treatment on physical functioning 

Four studies included in the narrative review measured physical functioning pre and post 

neoadjuvant therapy, two used the EORTC-QLQ (Scarpa et al., 2013, Blazeby et al., 2005) and 

two used the FACT-E scale (Safieddine et al., 2009, Brooks et al., 2002). A significant decrease 

in the physical functioning and physical well-being subscales was observed after neoadjuvant 

treatment and prior to surgery in three studies (Safieddine et al., 2009, Brooks et al., 2002, 

Blazeby et al., 2005). Two studies included in the meta-analysis also evaluated the impact of 

neoadjuvant treatment on physical functioning and recorded a significant mean decrease of 13 

points (p=0.004) (Reynolds et al., 2006) and 22 points (p<0.05) (van Meerten et al., 2008) from 

baseline scores using the EORTC-QLQ.  In contrast, Scarpa et al., (2013) reported that physical 

functioning measured using the EORTC-QLQ remained stable pre and post neodjuvant 

treatment. 

 

Impact of open surgery on physical functioning  

The acute negative impact of transthoracic or transhiatal oesophagectomy on physical 

functioning, demonstrated by the meta-analyses, is supported by these additional studies 

which also subjectively measured physical functioning. Thirteen studies measured the short 

term effect of open surgery on physical functioning using the EORTC-QLQ and all of these 

reported a decrease in physical functioning scores from pre to post surgery (Huang et al., 2015, 

Zeng and Liu, 2012, Shen et al., 2015, Schneider et al., 2010, Gradauskas et al., 2006, Blazeby 

et al., 2005, Zieren et al., 1996, Aly et al., 2010, Egberts et al., 2008, Hauser et al., 2014, 

Blazeby et al., 2000, Scarpa et al., 2013, Kataria et al., 2012). Similarly, significant decreases in 

the physical functioning subscale of the MOS SF-20 and the activity level subscale of the RSCL 

post surgery were observed from pre to post surgery (Van Knippenberg et al., 1992, de Boer et 

al., 2004, Cense et al., 2006). Physical well-being, as measured by the FACT-E questionnaire 

was also significantly decreased after surgery compared to baseline values (Brooks et al., 2002, 

Safieddine et al., 2009). One exception to this was a subgroup within a study by Kataria et al., 

(2012) where the physical functioning score increased from prior to neoadjuvant 

chemotherapy to post surgery and adjuvant radiotherapy. However the other subgroup in this 

study who received surgery and adjuvant radiotherapy only, experienced a deterioration in 

physical functioning at 16 weeks post treatment.  
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While all studies recorded a decrease in physical functioning initially post surgery there were 

inconsistent results in relation to the return of physical functioning scores to baseline levels. 

Five studies found that physical functioning did not return to baseline values within the study 

periods of six months (Shen et al., 2015, Zeng and Liu, 2012), one year (Scarpa et al., 2013) or 

two years post surgery (Hauser et al., 2014, Egberts et al., 2008). In contrast, eight studies 

reported that physical functioning returned or almost returned to baseline values within the 

study periods of three to six months (Gradauskas et al., 2006, Safieddine et al., 2009), six to 

nine months (Huang et al., 2015, Blazeby et al., 2005, Zieren et al., 1996, de Boer et al., 2004, 

Brooks et al., 2002) or nine to eighteen months post operatively (Cense et al., 2006). 

Longer term physical functioning, beyond two years post surgery, was only measured in two 

studies. Blazeby et al., (2000) compared those who survived longer than two years with those 

who survived less than two years post surgery and found that physical functioning had 

returned to baseline levels by nine months for the long term survivors, however for those who 

did not survive longer than two years, physical functioning never returned to baseline values 

after surgery. Finally, one study investigated long term physical functioning in disease free 

survivors who were one – twenty three years post surgery (Donohoe et al., 2011a). This study 

found that the long term scores on the physical functioning subscale of the EORTC-QLQ were 

significantly lower than baseline (p<0.001), indicating a prolonged negative effect of 

oesophagectomy on physical functioning.  

 

Impact of minimally invasive surgery on physical functioning  

Four studies included in this narrative review included participants who had undergone 

minimally invasive oesophagectomy. Two studies (Zeng and Liu, 2012, Shen et al., 2015) 

measured the impact of minimally invasive oesophagectomy on physical functioning using the 

EORTC-QLQ and reported similar outcomes: physical functioning scores were decreased in the 

initial post-operative period but returned or almost returned to baseline levels within three to 

six months. In contrast, the majority of the studies included in the meta-analysis reported that 

physical functioning did not return to baseline scores at three to six months or ten to twelve 

months post surgery. One study investigated the impact of MIO on physical functioning using 

the SF-36 and found no change in the physical component score pre and post surgery 

indicating preservation of physical functioning (Luketich et al., 2003). Finally, the study by 

Huang et al., (2015) included both minimally invasive and open surgery but did not report 

separate results for the surgery groups. As approximately 80% of participants in this study 
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underwent open surgery, the results are included in the section for open surgery.  

 

1.3.3.4 Narrative review of objectively measured physical functioning 

 

Study design and characteristics  

Seven studies published between 2001 and 2015 objectively measured physical functioning 

before and after curative treatment for oesophageal cancer. Of the seven studies included in 

the narrative review, one was a longitudinal study with multiple assessments, one was a 

cohort study within a prospective randomised trial and five studies measured physical 

functioning pre and post treatment. Sample sizes ranged from 27 to 51 participants and the 

studies included a mixture of patient groups with regards to cancer histology (AC and SCC) and 

stage (stage 0-IV). The studies evaluated patients who had received multimodal treatment or 

surgery only. Surgery types evaluated included open (transthoracic and transhiatal) and 

minimally invasive oesophagectomy. Characteristics of the included studies are detailed in 

Table 1.7.  

Four studies (Jack et al., 2014, Lund et al., 2015, Tatematsu et al., 2013a, Liedman et al., 2001) 

measured the impact of neoadjuvant treatment on objective measures of physical functioning 

and two studies (Taguchi et al., 2003, Tatematsu et al., 2013b) measured the effect of surgery 

on physical functioning. The final study (Rawat et al., 2011) measured physical functioning pre 

neoadjuvant radiotherapy as well as three, six and nine months post completion of treatment 

including surgery for a percentage of participants.  

The primary outcome in all of the studies reviewed was fitness. Four studies used maximal 

exercise tests on cycle ergometers, two carried out a cardiopulmonary exercise test (CPET) 

(Jack et al., 2014, Taguchi et al., 2003) and two carried out a maximal working capacity test 

(Liedman et al., 2001, Lund et al., 2015). Three studies carried out the Six Minute Walk Test 

(6MWT) (Rawat et al., 2011, Tatematsu et al., 2013a, Tatematsu et al., 2013b). Fitness 

assessed using cycle ergometer tests was measured by maximal oxygen uptake 

(VO2maz/VO2peak) (Jack et al., 2014, Taguchi et al., 2003) and working capacity (Watts) (Lund et 

al., 2015, Liedman et al., 2001), while 6MWT results were measured by changes in the distance 

achieved on the test.  In addition to the fitness assessments, the studies by Tatematsu and 

colleagues (Tatematsu et al., 2013a, Tatematsu et al., 2013b) measured isometric knee 

strength using an isometric knee-extensor muscle strength machine.  
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Table 1.7 Study and patient characteristics for studies included in the narrative review of objectively measured physical functioning 

First author 
(year) 

Study 
period 

Type of study  Sample size  Me(di)an age 
(SD/range) 

Histology Stage Surgery type(s) Neoadjuvant/ 
adjuvant 
treatment  

Jack et al., 
(2014)  

2007-
2009 

Longitudinal  
(pre & post 
measures) 

39 64.86 (9.06) Oesophageal or 
Gastric Ca 

T1, T4  Open NACT: 100%  

Lund et al., 
(2015) 

2008-
2013 

Cohort within a 
prospective 
randomised trial  

NACT group: 
 n=23 
NACRT group: 
 n=17 

NACT group:  
62 (46-71) 
NACRT group: 
66 (56-76) 

AC, SCC  T1-3,  
N0-1  

Open -TTO NACT: 57.5% 
NACRT: 42.5% 

Rawat et al., 
(2011) 

2008-
2009 

Prospective 
longitudinal  

45 <50 yrs: 26% 
>50 yrs: 73% 

AC, SCC  § Open - THO & 
TTO† 
  

NACRT: 100% 

Taguchi et al., 
(2003)  

1993-
1998 

Longitudinal 
(pre & post 
measures) 

VATS group:  
n=22 
Open surgery group: 
 n=29 

VATS group:  
61.6 (47-79) 
Open surgery 
group:  
61.7 (43-74) 

SCC 0-III Open – TTO, 
VATS 
 

None 

Tatematsu et 
al., (2013a)  

2009-
2010 

Longitudinal 
(pre & post 
measures) 

27 63.4 (6.8) SCC II-IVA Open  NACT: 100%  

Tatematsu et 
al., (2013b) 

2009-
2010 

Longitudinal  
(pre & post 
measures) 

30 63.6 (7.1) SCC 0-III Open – TTO  NACT: 70%  
 

Liedman et al., 
(2001) 

1996-
1998 
 
 

Longitudinal  
(pre & post 
measures) 

Study group (NACRT & 
surgery): n= 29 
Control groups 
(surgery only): n=10 

Study group:  
63 (45-78) 
Control group: 
62 (46-76) 

AC, SCC  T2-3,  
N0-1  

Open - TTO 
(study group) & 
THO 
(control groups)   

NACRT: 100% 
(study group)  

§ Information not available in article. †55% of study cohort underwent surgery. Abbreviations: AC adenocarcinoma, SCC squamous cell carcinoma, TTO transthoracic 
oesophagectomy, THO transhiatal oesophagectomy, VATS video assisted thoracoscopic surgery, NACT neoadjuvant chemotherapy, NACRT neoadjuvant 
chemoradiotherapy.
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Narrative review results  

 

Impact of neoadjuvant treatment on physical functioning 

Three studies investigated the effect of neoadjuvant chemotherapy on fitness (Jack et al., 

2014, Lund et al., 2015, Tatamatsu et al., 2013). Two of these studies reported a negative 

effect of treatment on fitness with significant decreases in VO2 (p<0.001) (Jack et al., 2014) and 

working capacity (p=0.03) (Lund et al., 2015) observed.  Conversely, the study by Tatamatsu 

and colleagues (2013) found no significant changes in fitness pre and post chemotherapy as 

measured by the 6MWT. Furthermore, this study revealed no change in muscle strength after 

chemotherapy. The impact of neoadjuvant chemoradiotherapy was measured by two studies 

(Lund et al., 2015, Liedman et al., 2001) and both revealed a significant decrease in working 

capacity, as measured using a CPET, after this treatment (p=0.001 and p<0.0001 respectively). 

In addition, Liedman et al., (2001) compared the study group to a control group awaiting 

surgery and not receiving neoadjuvant treatment. The significant changes recorded in the 

study group contrasted with the stable physical performance of the control group in the 

preoperative period. The study group demonstrated a significantly lower working capacity 

(p<0.001) than the control group prior to surgery. In the study by Rawat et al., (2011) a 

decrease in the mean distance achieved on the 6MWT was recorded at three and nine months 

post treatment, however a statistical significance value for this decrease was not reported.  

The study by Tatematsu et al., (2013) also subjectively measured physical activity levels using 

the International Physical Activity Questionnaire and reported no significant difference from 

pre to post neoadjuvant chemotherapy. 

 

Impact of surgery on physical functioning 

A highly significant reduction in VO2max (p<0.0001) and 6MWT distance (p<0.001) post surgery 

was demonstrated by two studies (Taguchi et al., 2013 and Tatamatsu et al., 2012) indicating 

the considerable negative impact of oesophagectomy on fitness levels. This reduction in fitness 

was demonstrated for both open surgery and VATS (Taguchi et al., 2003). Surgery was also 

shown to have a negative effect on muscle strength with a significant reduction in knee 

extensor muscle strength observed (p<0.001) (Tatamatsu et al., 2012).The results of these 

studies are summarised in Table 1.8.  
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Table 1.8 Main results of studies which objectively measured physical functioning pre and post treatment 

First author (year) 
 

Test/Tool Measure(s) Timepoints Comparison Results  

Jack et al., (2014)  CPET on cycle 
ergometer  

VO2 (ml kg-1 min-1) at 
LT 
VO2 (ml min-1) at LT 
O2 pulse at LT 
O2 pulse at peak 
VO2peak (ml kg-1 min-1) 
VO2peak (ml min-1) 
VE/ VCO2 at LT 
VE/ VCO2 at peak  
 
 

Pre and post  NACT None Significant decrease in 
absolute and relative 
VO2 at LT (p<0.001)& 
peak (p<0.001) 
 
Significant decrease in 
O2 pulse at LT 
(p<0.001) and peak 
(p=0.002) 
 
VE/ VCO2 significantly 
increased at LT 
(p=0.014) and peak 
(p=0.052) 

Lund et al., (2015) Maximal working 
capacity test on cycle 
ergometer 

Maximum work 
capacity (WC) (Watts)  

Pre and post 
neoadjuvant therapy  

NACT vs NACRT Significant decrease in 
WC in both NACT 
(p=0.03) and NACRT 
(P=0.001) groups 

Rawat  et al., (2011) 6WMT 6MWD (m) 
 

Pre NART and 1, 3, 6, 9 
months post 
treatment 

None Decrease in 6MWD at 
3 & 9 months post 
treatment 

Tatematsu et al., 
(2013)  

6MWT 
Isometric knee-
extensor muscle 
strength machine 
I-PAQ* 

6MWD (m) 
Max isometric knee 
strength  
(N m/kg) 
Physical activity levels 
over previous 7 days 

Pre and post NACT  None No significant changes 
in any measure  
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First author (year) 
 

Test/Tool Measure(s) Timepoints Comparison Results  

Liedman et al., (2001) Maximal working 
capacity test on cycle 
ergometer 

Working capacity 
(Watts)  

Pre and post NACRT   NACRT (study group) 
vs surgery only 
(control group) 

Significant decrease in 
WC (p<0.0001) in 
study group.  
 
Significant decrease in 
WC in study group as 
compared to control 
group (p<0.001) 
 

Taguchi et al., (2003)  CPET on cycle 
ergometer 

VO2max 
Resting VO2/HR 
AT 

Pre and 3 months post 
surgery 

VATS vs open surgery  Significant decrease in 
VO2max & AT in both 
groups (p<0.0001) 
 
Significant decrease in 
resting VO2/HR in 
VATS (p=0.016) and 
open surgery (p=0.04) 
groups  

Tatematsu et al., 
(2012) 
 
 
 

6MWT 
Isometric knee-
extensor muscle 
strength machine 
 

6MWD (m) 
Max isometric knee 
strength  
(N·m/kg)  

Pre and post surgery  None Significant decrease in 
knee extensor muscle 
strength (p<0.001) and 
6MWD (p<0.001) 
 

*Subjective measure. Abbreviations: CPET cardiopulmonary exercise test, 6MWT Six Minute Walk Test, 6MWD Six Minute Walk Distance, I-PAQ International 
Physical Activity Questionnaire, N newton, m metre, kg kilogram, ml millilitre, min minute, WC working capacity, NACT neoadjuvant chemotherapy, NART 
neoadjuvant radiotherapy, NACRT neoadjuvant chemoradiotherapy, VO2 oxygen uptake, VO2peak, highest VO2 achieved during CPET, LT lactate threshold, peak peak 
exercise, VE/ VCO2 ventilatory equivalents for O2 and CO2: ventilatory requirement for a given metabolic rate, O2 pulse VO2/HR, AT anaerobic threshold, HR heart rate, 
VATS video assisted thoracosopic surgery,  
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1.3.4 Discussion of systematic review  

The aim of this systematic review was to examine the impact of treatment for oesophageal 

cancer (chemotherapy, radiotherapy and surgery) on both subjectively and objectively 

measured physical functioning. Physical functioning was subjectively measured as a subscale of 

patient reported HRQOL questionnaires and was objectively evaluated using measures of 

strength and fitness. Of the large number of studies which subjectively measured physical 

functioning, the vast majority examined the effect of surgery on physical functioning, with a 

small minority investigating the impact of neoadjuvant treatment. In contrast, five of the seven 

studies of objectively measured physical functioning investigated the impact of neoadjuvant 

treatment on physical functioning, while only two studies measured the effect of surgery. 

Overall the studies included in this review revealed an acute negative effect of neoadjuvant 

chemotherapy and/or radiotherapy on physical functioning. Five of the six studies which 

subjectively measured physical functioning reported a significant decrease in this outcome 

from pre to post neoadjuvant treatment. These subjective reports are supported by the 

objective measures of physical fitness. Three studies reported significant reductions in fitness, 

as measured using a CPET or maximal working capacity test, from pre to post neoadjuvant 

treatment (Jack et al., 2014, Lund et al., 2015, Liedman et al., 2001). In contrast, two studies 

recorded no changes in fitness from pre to post neoadjuvant as measured by the 6MWT 

(Tatematsu et al., 2013, Rawat et al., 2011). Tatematsu and colleagues (2013) found no 

significant change in distance achieved on the 6MWT by the study cohort after completion of 

neoadjuvant chemotherapy. Similarly, while Rawat et al. (2011) recorded a mean decrease in 

the distance achieved on the 6MWT, the significance of this change was not reported and the 

mean difference was less than would be considered clinically meaningful (Perera et al., 2006). 

Therefore it is unlikely this study cohort experienced any clinically meaningful changes in 

fitness from pre to post neoadjuvant treatment.  

While the 6MWT has shown moderate to high correlations with VO2max (Ross et al., 2010), it 

may be less sensitive to treatment effects than a CPET. It has been suggested that walking 

tests might not be sensitive enough to assess changes in exercise capacity in patients with 

early-stage disease or in those without concomitant comorbid disease because they may not 

sufficiently stress the cardiovascular system (Jones et al., 2008a).   

In a comparable finding to the impact of chemotherapy and radiotherapy, oesophagectomy 

was shown to have an acute negative impact on physical functioning in the acute post-

operative phase. The scores for subjectively reported physical functioning were found to be 
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decreased in the initial weeks and months post surgery as compared to pre-operative levels. 

This negative impact of surgery was observed in both open and minimally invasive 

oesophagectomy cohorts. The magnitude of this decrease however was difficult to determine 

due to the significant heterogeneity between studies reflected in the large I2 values in the 

meta-analyses. Accordingly while there was a clear trend towards a negative impact of surgery 

on subjectively measured physical functioning, a pooled estimate and confidence interval for 

this treatment effect could not be reported with confidence. Objectively, the impact of surgery 

was measured using a CPET and the 6MWT, and a significant decrease in both VO2max and 

distance achieved on the 6MWT was observed indicating a significant reduction in fitness 

levels post surgery (Taguchi et al., 2003, Tatematsu et al., 2012). Furthermore, the study by 

Tatematsu and colleagues (2012) reported a significant loss of muscle strength from pre to 

post surgery.  

While there was general agreement between studies regarding the negative impact of surgery 

on physical functioning in the acute post-operative phase, there was conflicting evidence 

regarding the return of physical functioning scores to baseline levels. In the meta-analyses, for 

both open and minimally invasive surgery, the majority of studies included continued to report 

lower scores for physical functioning as compared to baseline at four to six months and ten to 

twelve months (Figures 1.5, 1.6, 1.8, 1.9). However in the narrative review, the majority of 

studies report a return of physical functioning scores to baseline levels within a range of three 

to 18 months post-operatively.  

The discrepancy in the study results could be due to a variety of factors. As a result of an 

increase in specialist centres, improved patient selection, standardisation of surgical 

techniques and an aggressive approach to addressing postoperative complications, outcomes 

after treatment for oesophageal cancer have continually improved over recent decades. 

Therefore as the studies included in this review were carried out over the last three decades, a 

degree of inconsistency in long term treatment effects across study cohorts could be expected. 

Furthermore the study populations included in this review included a variety of histological 

subtypes of oesophageal cancer and participants underwent a range of treatment 

combinations and surgery types. All of these factors can have an impact on outcomes and 

potentially explain some of the non-uniformity in study results.  

This review considered the impact of open and minimally invasive surgery on physical 

functioning separately. MIO has emerged in recent years as an alternative to open surgery. 

Due to the smaller incisions involved, minimally invasive surgery is often associated with lower 

morbidity, less blood loss, reduced post-operative pain, lesser scarring, faster recovery and 
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decreased length of hospital stay. The benefits of minimally invasive surgery over open surgery 

have not yet been proven in an oesophageal cancer population (Allum et al., 2011), however 

the results of this review indicate that physical functioning may be less adversely affected by 

MIO than by open oesophagectomy. In the meta-analyses, while the overall trends in the 

changes in physical functioning scores from baseline were similar for open and minimally 

invasive surgery cohorts, the mean decrease in scores were lower in those who underwent 

MIO than those received open surgery. For example, at one to three months post-operatively 

the decrease in physical functioning scores from baseline ranged from 9 to 36 points in the 

open surgery cohorts and 0.8 to 16 points in the minimally invasive surgery cohorts. 

Furthermore six studies included in either the meta-analyses or the narrative review compared 

HRQOL outcomes between open surgery and MIO. Five of these studies suggested that 

patients in the MIO groups recovered more quickly than the open surgery group. The physical 

functioning scores in the MIO groups were significantly better than the open surgery group at 

various time points from two weeks up to 18 months post-operatively (Wang et al., 2010, 

Wang et al., 2015, Hong et al., 2013, Shen et al., 2015, Zeng and Liu, 2012). In contrast one 

study found no significant difference between open and minimally invasive surgery groups 

from one to twelve months post-operatively (Nafteux et al., 2011). Due to the limited number 

of studies currently available regarding the effect of MIO on physical functioning, no definite 

conclusion can be reached, however the results in this review suggest that this is an area which 

merits further research. 

 

1.3.5 Limitations of systematic review  

As discussed in Section 1.3.3.2 there was a very high level of heterogeneity in the meta-

analyses included in this review, indicating significant inconsistency between the treatment 

effects as measured by each study. This may have been as a result of differences in treatment 

effects due to medical and surgical advances in recent decades or as a result of the differences 

in study populations included in the review; the study populations included a variety of 

histological subtypes of oesophageal cancer and participants received a range of treatment 

combinations and surgery types. However, as all the studies contained in the meta-analyses 

met the specific inclusion criteria for the systematic review and accordingly provide a relevant 

and valid contribution to the body of evidence on this topic, there was no valid reason to 

exclude these studies and they were included in the review. Due to the high level of 

heterogeneity the forest plots are included in this thesis for descriptive purposes only; in order 
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to provide the reader with a visual representation of the trends in study results. A pooled 

estimate and confidence interval for the treatment effect has not been reported and the 

conclusions are based solely on the common trends seen in the study results. 

 

1.3.6 Conclusion of systematic review   

To conclude, the results of this systematic review reveal that both neoadjuvant therapy and 

oesophagectomy can have a significant negative impact on physical functioning in the acute 

phase post treatment. However it is unclear how long it takes for physical functioning to return 

to baseline levels or whether it returns at all. Therefore more research is warranted in this 

population to determine how physical functioning recovers after chemotherapy, radiotherapy 

and surgery, particularly as treatment outcomes in this group are currently evolving and 

improving.  

The small number of studies which objectively measured physical functioning included in this 

review highlight the need for more studies of this nature. Objective data on fitness, strength 

and physical activity levels across the oesophageal cancer continuum would provide a more 

comprehensive overview of the physical functioning of this group and help to identify specific 

areas which could be targeted with interventional programmes. Finally, with the improving 

five year survival rates in this cohort there is a need for more research into longer term 

physical functioning, beyond the initial post-operative year.  

 

1.4 Role of physiotherapy for people with cancer  

 

Physiotherapy can play an important role to ameliorate the impact of treatment on physical 

functioning throughout the cancer trajectory. People with cancer may present with a wide 

range of needs, including respiratory, neurological, lymphatic, orthopaedic, musculoskeletal 

and pain, and may benefit from physiotherapeutic intervention. Within the context of cancer, 

the primary goal of physiotherapy intervention is to assist the patient achieve maximum 

physical, psychological and vocational functioning within the limits imposed by disease or 

treatment (Cromes, 1978).  

It is well established that exercise can improve quality of life (QOL) for cancer patients 

regardless of the type and stage of their disease (Mishra et al., 2012a, Mishra et al., 2012b). 
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The Physical Exercise Across the Cancer Experience (PEACE) Framework, first described in 2001 

by Courneya and Friedenreich, describes six cancer related time points where exercise and 

activity can play a key and developed role.  Based on these six time periods this framework 

describes eight general cancer control outcomes which are amenable to physical exercise 

interventions (Figure 1.10). There is evidence to support the beneficial role of exercise in each 

of these cancer control categories (Courneya and Friedenreich, 2007). 

Physiotherapists are exercise specialists and therefore are ideally placed to provide 

interventions to improve strength, fitness and activity levels across the cancer continuum. 

Furthermore, physiotherapy can play a vital role in maintaining healthy weight and preventing 

muscle wasting in patients with cancer. In particular, physiotherapy can optimise physical 

functioning prior to treatment with prehabilitation programmes or restore optimal physical 

functioning after treatment through rehabilitation programmes. 

 

 

      Figure 1.10 PEACE Framework 

 

The process of enhancing the functional capacity of the individual to enable him/her to 

withstand an upcoming stressor has been termed ‘prehabilitation’ (Topp et al., 2002, Ditmyer 

et al., 2002).  There is a growing body of scientific evidence that supports prehabilitation as a 

method of optimising health and functioning before the often toxic and disabling effects of 

cancer treatments (Silver and Baima, 2013). Cancer prehabilitation may involve unimodal or 

multimodal approaches including exercise, nutritional, and psychological strategies. Exercise 

therapy as a component of prehabilitation is an area where physiotherapists can play a key 

role. Prehabilitation involves physical assessments that establish a baseline functional level, 
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identifies impairments, and provides targeted interventions that improve a patient’s health to 

reduce the incidence and the severity of current and future impairments (Silver and Baima, 

2013).   

Rehabilitation involves preventing and addressing the late and long-term effects of cancer and 

its treatment. It aims to restore patient’s physical functioning, independence and QOL; some 

or all of which may have been affected throughout the treatment trajectory. In cancer 

survivors, a healthy diet and regular participation in moderate-vigorous intensity activity is 

associated with a higher quality of life, prolonged survival and diminished treatment side 

effects (Lynch et al., 2013, Mosher et al., 2009).  Therefore there is huge potential for exercise 

and diet interventions post treatment to improve the overall health and well being of cancer 

survivors.  

Prehabilitation and rehabilitation programmes in an oncology population are areas which are 

still very much in development. As cancer survivors are a heterogeneous group with respect to 

medical as well as socio-demographic factors, their complex prehabilitation and rehabilitation 

needs can vary considerably. Therefore in order to design evidence based and targeted 

interventional programmes it is first necessary to measure the physical functioning and 

investigate the specific needs of each individual cancer group. 

 

1.5 Preliminary work 

 

An initial aim of this PhD was to carry out a randomised control trial to examine if an exercise 

intervention preoperatively could influence postoperative outcomes in patients post 

oesophagectomy. This proposal was developed following previous work in this department 

which demonstrated that those who developed post-operative pulmonary complications 

following oesophagectomy had lower pre-operative physical activity levels than those who did 

not develop complications (Feeney et al., 2011). This lead to the suggestion that increasing 

physical fitness and activity preoperatively could potentially lead to a decrease in 

postoperative complications, a shorter hospital stay and improved patient outcomes. The 

theoretical basis for this effect is that higher levels of fitness would increase the patient’s 

ability to withstand the demands of surgery. 
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1.5.1 Study design 

This was a prospective single blind RCT. The study design consisted of a preoperative exercise 

intervention during which the participants in the intervention group performed a graded 

walking programme in the time period from the beginning of neoadjuvant therapy to surgery. 

The inclusion criteria were: (1) >18 years of age and (2) undergoing multimodal treatment 

(neoadjuvant therapy and surgery) for oesophageal cancer with a curative intent.  Exclusion 

criteria included: (1) a neurological or musculoskeletal condition limiting independent mobility 

(2) medically unsuitable to participate in an exercise intervention or (3) contraindications to 

exercise testing as per the American College of Sports Medicine guidelines (Pescatello, 2013). 

 

1.5.2 Study procedure 

Eligible participants were identified at multidisciplinary team meetings and upper 

gastrointestinal surgical clinics at St. James’s Hospital. These patients were informed of the 

study at clinics by either the surgical team or nurse specialist. If the participant was agreeable, 

the study investigator then met or telephoned him/her to further explain the study and 

establish his/her interest in participation. When participants agreed to take part, an 

appointment was made for the initial assessment. On entry to the study each participant was 

randomly assigned to either the control or intervention group using computer generated 

random numbers. Randomisation was stratified according to gender. Participants who were 

assigned to the intervention group completed the exercise intervention. Participants who were 

assigned to the control group received usual care. 

The study assessments were performed by the lead investigator (JG) who was blind to the 

group allocation and the exercise intervention was supervised by an independent 

physiotherapist. Baseline measures were performed on entry to the study. Follow up 

measurements were performed the day before surgery, one month post surgery and three 

months post surgery. Body composition was measured using the Tanita MC 180 machine. 

Exercise tolerance was measured using the Incremental Shuttle Walking Test. Physical activity 

levels were measured objectively using the RT3 accelerometer (Stayhealthy Inc, Monrovia, CA). 

A portable micro medical spirometer (Micro Medical Ltd., Rochester, Kent, U.K.) was used to 

measure pulmonary function. Quality of life was measured using the EORTC QLQ-C30. The 

incidence of postoperative pulmonary complications was recorded, as defined by Benzo et al., 

(2011): pneumonia (new infiltrate + either fever (>38.5°C) and white cell count >11,000 or 
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fever and purulent secretions), severe atelectasis (requiring bronchoscopy), prolonged chest 

tubes (>seven days), and prolonged mechanical ventilation (>24h). Length of hospital stay was 

also recorded. 

 

1.5.3 Exercise intervention 

The exercise intervention was completed in the time period from commencement of 

neoadjuvant treatment to the time of surgery. Participants were counselled to complete 40 

minutes of walking per day either in one session or in two sessions of 20 minutes. Where 

participants were found to engage in less than 10 minutes of physical activity per day during 

the initial assessment, the exercise target commenced at 20 minutes and increased weekly by 

10 minutes up to 40 minutes. The target zone of the walking programme was that of a 

moderate intensity (40-59% of heart rate reserve or a rating of perceived exertion of 4). Each 

participant was provided with a polar heart rate monitor to wear while performing the 

exercise intervention. This was to demonstrate to the participant the intensity of the exercise 

they were engaging in at home. Participants were instructed on the use of the polar heart rate 

monitor and the heart rate target zone to work within. 

Participants were required to attend once weekly throughout the study intervention. During 

the weekly attendance they performed 40 minutes of walking on the treadmill and had an 

opportunity to discuss with the physiotherapist any issues with completing the walking 

programme at home. In addition these participants were contacted by the physiotherapist on 

a separate day each week to monitor progress and promote adherence. Participants in the 

control group received usual care and were advised by the physiotherapist to maintain regular 

physical activity levels during their neoadjuvant therapy. In addition, the participants in both 

the intervention and control group were asked to keep an activity diary over the intervention 

period. This diary was subdivided into days and hours and a record of the type of activity 

performed was documented.  

 



46 
 

 

                                   Figure 1.11 Recruitment details for preliminary work 

 

  

1.5.4 Recruitment strategies  

Recruitment for the RCT took place at weekly clinics from July 2012 to September 2012. 

Recruitment for this study was poor in the initial weeks of the trial. Accordingly some 

amendments were made to the recruitment strategy with the aim of improving recruitment 

rates. This consisted of increased weekly communication between the research and clinical 

staff to ensure all members of the multidisciplinary team present knew the specific criteria for 

potential participants for the study. In addition, a patient list was introduced which identified 

each patient that needed to be informed about ongoing research and potentially meet 

research staff. Both clinical and research staff at the clinic had a copy of the list and aimed to 

ensure that each patient met each professional marked on the list before leaving the clinic. 

Despite the changes made to the recruitment strategy, during the recruitment period only 

eight potential participants were identified as suitable and were informed of the study. The 

study was explained to these eligible patients at clinic and patients were followed up with 

phone calls to determine interest. Seven of the patients declined to take part in the study 

Study Recruitment  

July-September 2012  

Eligible patients  

n=8 

Refused participation 

n=7 

Patient felt study unfeasible 
in context of other treatment 

commitments   

n=4 

Unable to travel for study 
appointments 

 n=3 

Agreed to participate 

n=1 

Dropped out 

 n=1 
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(Figure 1.11). One patient was interested in participation and was recruited into the study. This 

participant completed an initial assessment and was assigned to the intervention group, 

however subsequently dropped out as he felt unable to continue the exercise intervention 

while undergoing chemotherapy.  

The reasons for both refusal to participate and for study drop out indicated that the study 

appeared unacceptable to potential participants. This may have been due to the need to 

commit to a daily exercise intervention soon after receiving a complex cancer diagnosis and 

commencing treatment. In addition to the daily home based walking programme, the exercise 

intervention consisted of a weekly session with the physiotherapist in St. James’s Hospital. All 

potential or included participants either felt unable to commit to the exercise intervention 

while undergoing treatment or felt that they would be unable to attend the weekly sessions as 

they lived outside Dublin and would have to travel long distances for the study appointment.  

The poor recruitment rates in addition to the issues with maintenance of participation 

highlighted that this study design appeared unfeasible in its current format and the study was 

postponed while other projects in this PhD were commenced. This preliminary work 

highlighted the potential difficulties in setting up prehabilitation programmes in this limited 

complex cohort and indicated that preoperative exercise interventions of this nature may need 

to be revised prior to the successful completion of an RCT. For example interventions may 

need to be more flexible or less intensive in terms of participant commitment and include an 

alternative home based exercise intervention option for those living a distance from the 

primary research site. In addition a multi-site study may be a useful opportunity to increase 

recruitment potential.   

As a result of this preliminary work the focus of this PhD shifted from an interventional study 

to a comprehensive investigation of patient functioning and needs throughout the 

oesophageal cancer continuum. This work aimed to gain a greater understanding of the 

physical functioning of patients with oesophageal cancer, in particular in relation to the 

physical impact of treatment. The data generated was used in the design and implementation 

of evidence based and specifically targeted intervention programmes in this group. This may 

lead to improved recruitment and maintenance rates in this population in future 

interventional studies. 
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1.6 Thesis aims and objectives 

 

Historically the aggressive nature of oesophageal cancer meant that outcome was assessed 

solely through mortality and disease free survival rates. However recent advances in treatment 

and the resultant improvements in survival have allowed HRQOL to emerge as an outcome of 

importance in this cohort. The systematic review in Section 1.3 revealed the adverse effect 

treatment for oesophageal cancer can have on physical functioning. This effect has primarily 

been subjectively reported and there is a lack of objective measures of physical performance 

outcomes in this cohort, particularly into longer term survivorship. Objective data on body 

composition, strength, fitness and physical activity levels in this group will establish the 

physical functioning of this cohort throughout the cancer trajectory and identify any physical 

deficits or rehabilitative needs. 

While there is some subjective and objective quantitative data on the physical functioning of 

patients with oesophageal cancer, there is a lack of research approaching the same area from 

a qualitative perspective. When planning interventions to optimise outcomes in this cohort it is 

important to gain an understanding of the patients’ subjective experiences and investigate 

their perceptions of the impact of treatment on physical functioning. Therefore in order to 

gain an in-depth and contextualised understanding of the physical functioning of patients with 

oesophageal cancer, both quantitative and qualitative research methods were used in this 

thesis.  

The overall aim of this thesis was to examine physical functioning and rehabilitative needs 

throughout the treatment trajectory and into survivorship in patients with oesophageal 

cancer. The overall aim of each individual study is presented in Figure 1.12.  
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Figure 1.12 Study types and overall aims
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Chapter 2 Quantitative Methods  

 

2.1 Introduction 

 

This chapter will describe study designs, sampling methods, data analysis and background to 

the quantitative assessments used in this thesis. Some of the assessments are common to both 

quantitative studies (Study 1 and Study 3) included in this thesis and subsequent chapters will 

refer back to the relevant sections when describing individual study methods. Qualitative 

methods will be discussed in Chapter 3.  

 

2.2 Background research methods  

2.2.1 Study designs  
There are a number of methods available for carrying out investigative or experimental 

research. The type of study design that is employed depends on the specific research question 

being asked. Broadly, studies can be either experimental or observational. Observational 

studies are further categorised into those with and without a comparison group. If the study 

has a comparison or control group it is termed analytical. If there is no comparison group, it is 

a descriptive study (Grimes and Schulz, 2002). Generally observational studies describe a 

certain population but do not try to quantify a relationship or measure interventions or 

exposures. Examples of analytical studies include, cohort studies and case control studies. 

Examples of descriptive studies include case series and case reports. Cross sectional studies 

can be either analytical or descriptive. Experimental studies include randomised and non 

randomised controlled trials.  In this thesis, quantitative work takes the form of analytical 

study design.  

In a cross-sectional study, a sample of individuals is selected from a previously defined 

population and contacted at a particular point in time to obtain simultaneously information on 

both the exposure and outcome of interest. Cross-sectional studies are primarily used to 

determine prevalence of a disease or condition, however they are also used to describe 

characteristics of a particular group at a particular time. In case-control studies people with the 

outcome of interest are matched with and compared to a control group who do not. The most 
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common use of case-control studies is to retrospectively compare cases and controls to assess 

whether there were any differences in their past exposure to presumed risk factors. Case-

control studies are also used to measure matched groups at one point in time and compare 

one or more outcomes of interest. A case report or case series study usually describes a new 

mechanism, or a new aetiological or therapeutic observation in one or a few patients (Stel et 

al., 2007). Cohort studies are observational studies which establish links between risk factors 

and health outcomes. These studies may be prospective or retrospective and sometimes two 

cohorts are compared. A group with the exposure of interest and a group without the 

exposure are identified at the outset of the study. The exposed and unexposed groups are 

then followed up over time to observe whether or not they develop the outcome of interest. 

This type of observational study is the one that most closely resembles intervention studies; as 

exposure is identified at the outset, it can be assumed that it preceded the outcome (Grimes 

and Schulz, 2002). However a drawback of cohort studies is that allocation of subjects to the 

exposure is not controlled by the investigator.  

The major limitation of observational studies is the inability to control for confounding 

variables. There is always a risk that observed effects may be due, not to the condition under 

study, but to other factors, which are unknown to those carrying out the work. A confounding 

variable is independently associated with both the variable of interest and the outcome of 

interest and may provide an explanation for the result (Mann, 2003). The list of potential 

confounders is virtually infinite, however common examples include; age, socio-economic 

background, health status, smoking and alcohol habits. Another limitation of observational 

studies is that temporal associations between supposed causes and effects might be unclear. 

While case control and cohort studies have some potential to make causal inferences, case 

reports and cross sectional studies which do not have a comparison group do not allow 

assessment of associations (Jager et al., 2007). Despite their limitations, descriptive studies 

have several important roles in medical research and are very useful as early descriptors in 

under researched populations. Furthermore through documenting the health of certain 

populations, observational studies can help researchers develop hypotheses about cause 

which often prompts more rigorous studies.  

In an experimental study, investigators study the impact of varying some factor which they can 

control, on the outcome of interest. Experimental studies allow the most control over the 

conditions under which the data are collected. The randomised control trial (RCT) is considered 

the gold standard of experimental research. An RCT is a particular type of cohort study where 

participants are randomly assigned to the experimental group (with exposure) and control 



52 
 

group (without exposure) (Stel et al., 2007). Although RCTs are the gold standard, this study 

design does have some drawbacks depending on the research question and how the studies 

are conducted. RCTs can have poor external validity. Often RCTs employ strict inclusion and 

exclusion criteria which limits the extent to which results can be generalised to a broader 

population (Grimes and Schulz, 2002). Furthermore RCTs can be prohibitively expensive, 

unethical, inadequate or unnecessary (Grimes and Schulz, 2002). For example, it may be 

considered unethical to compare well-accepted best practice with a treatment with an 

unknown or probably less favourable outcome or it may be considered unnecessary to carry 

out an RCT where the effects of health interventions are dramatic and observational studies 

are sufficiently adequate to demonstrate the effectiveness of an intervention (Jager et al., 

2007). 

 

2.2.2 Sampling 

In quantitative research it is important that sampling methods and sample size are adequate to 

ensure that statistical results can be detected and that the findings have external validity, i.e. 

are generalisable to the population of interest. Unless a condition is particularly rare, testing 

all patients with a particular condition is usually very expensive or impossible. Therefore it is 

necessary to find some way of reducing the number of subjects in the study without biasing 

the findings. Random or probability sampling is one way of doing this. With probability 

sampling, a random sample is selected from a target population, referred to as the sampling 

frame. In a random sample every individual in the population must have an equal probability 

of being selected (Fox, 2007). Random sampling techniques include simple random sampling, 

systematic sampling and stratified sampling.  

Simple random sampling is the simplest form of random sampling, where a table of random 

numbers, a computer random number generator, or a mechanical device is used to select the 

sample. With systematic sampling, numbers are allocated to everybody in the population 

frame, the first individual is picked using a random number table and then subsequent subjects 

are selected using a fixed sampling interval, e.g. every 10th person (Fox, 2007). For this 

method to be effective it is essential that the units in the population are randomly ordered, at 

least with respect to the characteristics that are being measured. Stratified random sampling 

involves dividing the population into homogenous subgroups and then taking a simple random 

sample in each subgroup. Stratified sampling is a way of ensuring that particular strata or 

categories of individuals are represented in the sampling process. 
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When probability sampling is not possible, non-probability sampling techniques can be used. 

Unlike probability sampling, non-probability sampling does not involve random selection. 

While non-probability sampling may be representative of the sampling frame, it cannot 

depend on the rationale of the probability theory and therefore these studies have an inherent 

bias. Common non-probability sampling methods include; convenience sampling, quota 

sampling, purposive sampling and self selection sampling. A convenience sample is simply one 

where the units that are selected for inclusion in the sample are the easiest to access. In quota 

sampling people are selected non randomly according to some fixed quota. For example if the 

target population has 40% men and 60% women, sampling will continue until these 

percentages are achieved. In purposive sampling, one or more specific predefined groups are 

sought. Self selection sampling occurs when participants choose to take part in research of 

their own accord. Non-probability sampling can be particularly useful in exploratory 

research where the aim is to find out if a problem or issue even exists in a quick and 

inexpensive way. In this thesis, non probability sampling was used as this was deemed the 

most feasible for exploratory research in a limited clinical population.  

A key consideration when planning a study is to decide how many observations are required. 

Too many observations may lead to a waste of resources while too few will reduce the power 

of the study, making it impossible to detect true significant results (Suresh and 

Chandrashekara, 2012). The determination of sample size involves balancing the risk of failing 

to detect important differences when they are present, with the risk of falsely concluding that 

effects are present when, in fact, they are not. Larger sample sizes will tend to reduce the 

influence of chance variation, but this often comes at a greater expense. 

When calculating sample size a number of factors need to be considered and defined as 

outlined below:  

 It must be specified whether a one or two sided statistical test will be used.  

 To provide an estimate of the magnitude of the chance variation, the standard 

deviation (σ) is obtained from previous studies or a pilot study. The larger the standard 

deviation, the larger the sample size required for the study.  

 The level of significance (α) must be defined. This is the probability of a type I error 

occurring i.e. detecting a significant difference when there is none present. The 

conventional values used for α are 0.05 and 0.01.  

 The minimal difference that would be considered important to detect must be 

specified (δ).  
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 The power of the study (β) must be specified. This is the risk of failing to detect a 

difference between groups if it does exist (type II error). The ideal power for any study 

is considered to be 80% or higher (Suresh and Chandrashekara, 2012). 

 

2.2.3 Reliability and validity  

 

2.2.3.1 Reliability 

Reliability is the ability of a test to yield stable and consistent results across trials over time. 

Each observed score on an outcome measurement is the composite of the true score and of 

random error. Reliability refers to the degree to which an outcome measurement is free of 

random (McDowell, 2006). Random errors may occur during any part of the measuring process 

and may be a product of inaccuracy, fatigue or inattention.  

Reliability can be described as relative and absolute. Relative reliability is the extent to which 

individuals maintain their position in a sample over repeated measurements (Bruton, 2000). 

Relative reliability is measured through intra-rater reliability, inter-rater reliability and internal 

consistency (Stokes, 2011). Intra-rater reliability indicates the agreement between two points 

in time and inter-rater reliability indicates the agreement between raters. Internal consistency 

is a measure of the homogeneity of the instrument as it assesses the relationship between 

items and their relationship with the overall score. Reliability can be quantified by calculating 

the level of agreement between two sets of data. For continuous data, the level of agreement 

can be measured using inter-class correlation coefficients. Inter-class correlation coefficients 

measure percentage agreement between and within raters and are usually presented with 

kappa co-efficients (K) or weighted kappa co-efficients (kw). The K accounts for agreement that 

could only exist between raters by chance, while the Kw allows for partial agreement between 

raters. There are numerous versions of inter-class correlation coefficients with each form 

being appropriate to specific situations. The most common statistical expression of internal 

consistency is Cronbach’s alpha (Stokes, 2011) which is calculated from pairwise correlations 

between items, to compare individual items to the overall score.  

Absolute reliability is the degree to which repeated measurements vary for individuals and is 

expressed in terms of the actual unit of the original measurement as the standard error of the 

measurement. The standard error of measurement can be used to calculate the minimal 

detectable change (MDC) of an outcome measure. The MDC is the minimal amount of change 

in the score of an instrument that must occur to be sure that the change in score is not simply 
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attributable to measurement error (Stokes, 2011). Other methods of measuring reliability 

include coefficient of variation, repeatability coefficient and Bland and Altman 95% limits of 

agreement (Bruton, 2000). The Bland and Altman method plots the mean of two sets of scores 

against the differences of the two sets of scores and can measure whether error changes over 

the range of the scale (Stokes, 2011).  

 

2.2.3.2 Validity 

Validity refers to the extent that an instrument or tool measures what it intends to measure 

(Finch, 2002). There are numerous domains of validity which can be assessed including face, 

content, criterion and construct validity. Validity encompasses the entire experimental concept 

and establishes whether the results obtained meet all of the requirements of the scientific 

research method. 

Face validity examines whether on the surface of the outcome measure, it measures what it 

intends to measure (Stokes, 2011). An instrument with good face validity will likely be more 

acceptable to users. Content validity is the extent to which the elements within a 

measurement procedure are relevant and representative of the construct that they will be 

used to measure (Haynes, 1995). Face and content validity are often defined by consensus 

based on expert opinion. Criterion validity considers the performance or accuracy of a 

measure by comparing it to a gold standard. The gold standard may often be a more 

expensive, inaccessible or time consuming measure. Criterion validity includes a timing 

component and can be either concurrent or predictive. Concurrent validity assesses how the 

measure compares to the gold standard at a given point in time, while predictive validity refers 

to the relationship with a future assessment (Stokes, 2011). Construct validity can be described 

as the experimental demonstration that a test is measuring the construct that it claims to be 

measuring. It is an overarching term which incorporates all other forms of validity (i.e., content 

validity, convergent and divergent validity, and criterion validity) and is therefore evaluated in 

terms of each individual component. Aspects of criterion and construct validity are measured 

using validity coefficients such as Pearson-product moment correlation, Spearman’s rank order 

correlation, Kendall’s rank order correlation or the phi coefficient. Construct validity can also 

be analysed using factor analysis. For example, factor analysis can be used to determine that 

scales measuring similar constructs demonstrate an association and scales measuring different 

constructs do not demonstrate an association (Stokes, 2011).  

Test reliability affects test validity. Tests with poor reliability also have poor validity because 
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unreliable tests fail to produce consistent scores. It is possible however for a test to have 

excellent reliability but poor validity. Even when a test yields stable and precise values across 

trials or between days, it may not validly measure a specific outcome (Heyward, 2010).   

 

2.2.4 Principles of data analysis 

Preliminary data analysis involves descriptive statistics and assessing data distributions for 

normality. The basic features of the data in a study are described using descriptive statistics 

which provide simple summaries about the sample and the measures. Descriptive statistics for 

categorical variables state the frequency of the observation within the data set and the 

relative percentage of that frequency within the dataset (Carter, 2011). Continuous variables 

are described by a measure of central tendency (mean, median, or mode) and a measure of 

variation about the mean (standard deviation or inter-quartile range). Graphically, categorical 

variables are depicted using pie charts and bar charts, while continuous data are represented 

using histograms or boxplots.    

Data normality is an underlying assumption in parametric testing and is illustrated by a normal 

curve which is symmetrical about the mean.  An assessment of the normality of data is a 

prerequisite for many statistical tests. Normality can be determined through the visual 

interpretation of descriptive data including normality Q-Q plots and histograms. Normality can 

also be assessed using numerical methods such as the Shapiro-Wilk test. The Shapiro-Wilk test 

assesses if data is normally distributed for each independent variable and is recommended in 

relatively small sample sizes (<50 participants). The statistical result of the test indicates 

whether the data is normally (p >0.05) or not normally distributed (p <0.05). If data is found to 

be non-normally distributed, log transformations can be applied to achieve log-normality or 

non parametric tests can be used. Normally distributed data is described as mean (standard 

deviation) and non-normally distributed data is described as median (inter-quartile range).  

A statistical significance test asks if an observed result differs from some hypothesised value by 

more than would be expected from purely chance variation. With each statistical test, it is 

necessary to specify the hypothesis to be tested and the alternative that will be decided upon 

if this is rejected. The hypothesis to be tested is called the null hypothesis and is labelled H0, 

the alternative hypothesis is labelled H1. H0 is assumed to be true unless the measurement 

data clearly demonstrate otherwise. If H0 is rejected, the result is declared to be ‘statistically 

significant’ i.e. that a systematic difference from the hypothesised value exists. However 

statistical significance does not necessarily equate to a clinically meaningful difference and this 
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must be also considered with each statistical test result.  A test statistic is considered to be 

exceptional if it has only a small chance of occurring if the null hypothesis is true (Mullins, 

2003). The probability chosen to define an exceptional outcome is called the ‘significance level’ 

of the test and is labelled alpha (α). Alpha is most frequently defined as 0.05. Whether the 

result of a test is deemed statistically significant is commonly reported using p-values. The p-

value is the probability of obtaining a more extreme result than the one observed in a repeat 

of the study, when that null hypothesis is true. When a test has a significance value of α = 0.05, 

a p-value less than 0.05 means that the null hypothesis should be rejected and the result is 

deemed to be statistically significant. If the p-value is greater than 0.05, the null hypothesis is 

generally accepted. The p-value provides a measure of the strength of the evidence against the 

null hypothesis and therefore is a useful and meaningful statistical result to report. When a 

result is declared to be statistically significant it is useful to put error bounds around the mean 

difference observed. These error bounds allow for chance variation and provide an interval of 

numbers containing the most plausible values for the population parameter. The probability 

that this procedure produces an interval that contains the actual true parameter value is 

known as the confidence level and is generally chosen to be 0.9, 0.95 or 0.99. 

To assess difference in continuous variables between groups a number of statistical tests can 

be used including independent-samples t-test, paired samples t-test and analysis of variance 

(ANOVA) (Bland, 2000). Non-parametric equivalents of these tests include the Mann Whitney 

U test, the Wilcoxon signed-rank test and the Freidman test.  Independent samples t-tests are 

used when sets of data are obtained from two separate groups and there is no special 

relationship between the individual values from the two groups. In a paired sample t-test, two 

separate measurements are taken on the same group and different time points. ANOVA is 

used to compare measures taken from two or more groups at two or more time points. A 

number of assumptions underlie each statistical test and these must be considered before the 

test is run. Assumptions relate to the study design, the measurements taken and the 

characteristics of the data collected. For example, the statistical model underlying an 

independent samples t-test requires that there is one dependent variable, one independent 

variable, the data values are independent of each other, are approximately normally 

distributed for each group of the independent variable and demonstrate homogeneity of 

variance. The statistical model underlying ANOVA is identical to that of an independent 

samples t test; the only difference is that the number of groups involved is typically greater 

than two. Homogeneity of variance within ANOVA is known as the assumption of sphericity. In 

this thesis, the primary statistical tests used were independent t-tests and ANOVA.  
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Use of multiple statistical tests simultaneously can lead to much higher type 1 error rates. 

Methods for dealing with multiple testing involve adjusting α in some way, so that the 

probability of observing at least one significant result due to chance remains below the desired 

significance level. The simplest and most conservative approach is the Bonferroni correction, 

which sets the significance cut-off at α/n. For example, with 20 tests and α = 0.05, the null 

hypothesis would only be rejected if the p-value was less than 0.0025. 

 

2.3 Measurement of physical functioning 

 

Physical functioning can be objectively assessed using measures of exercise capacity, strength, 

and physical activity. The following section will discuss these three measures which are used in 

Study 1 and Study 3 in this thesis. Subsequent sections will discuss the measurement of body 

composition and quality of life which were also assessed in Study 1.  

 

2.3.1 Exercise capacity 

Physical fitness is defined as ‘a set of attributes that people have or achieve that relates to the 

ability to perform physical activity’ (Caspersen et al., 1985). The components of physical fitness 

can be categorised into two groups: health-related physical fitness and skill-related physical 

fitness. The health related components of physical fitness encompass cardiorespiratory 

endurance, muscular strength, muscular endurance, body composition and flexibility. The 

focus of the following section will be on cardiorespiratory endurance or exercise capacity. The 

measurement of muscular strength and body composition are discussed in Section 2.3.2 and 

Section 2.4 respectively.  

Exercise capacity is related to the ability to perform large muscle, dynamic, moderate-to-

vigorous intensity exercise for prolonged periods of time. Performance of exercise at this level 

of physical exertion depends on the integrated physiologic and functional state of the 

respiratory, cardiovascular and musculoskeletal systems (Pescatello, 2013). Poor exercise 

capacity or fitness levels are associated with an increased risk of premature death from all 

causes and specifically from cardiovascular disease (Blair et al., 1989). Higher fitness levels are 

associated with higher levels of habitual physical activity which in turn are associated with 

many health benefits, as outlined in Section 2.3.3. Therefore exercise capacity is an important 

outcome to assess in any clinical population.    
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Exercise capacity is highly important across the cancer continuum. A recent study was the first 

to demonstrate that higher levels of cardiorespiratory fitness are associated with a reduced 

risk of lung and colorectal cancer in men (Lakoski et al., 2015). Furthermore, this study found 

that higher fitness was associated with a significant reduction in risk of death from cancer or 

cardiovascular disease following a cancer diagnosis. Higher fitness levels are also associated 

with improved outcomes after surgery. Both a lower anaerobic threshold and a lower distance 

achieved on the incremental shuttle walk test have been associated with an increased rate of 

post-operative morbidity and mortality following oesophagogastric cancer surgery (Moyes et 

al., 2013, Murray et al., 2007).  

 

2.3.1.1 Measurement of exercise capacity 

Cardiorespiratory endurance is related to ‘the ability of the circulatory and respiratory systems 

to supply fuel during sustained physical activity and eliminate products after supplying fuel’ 

(Caspersen et al., 1985). The objective assessment of cardiorespiratory endurance is an 

important recognised outcome in various clinical and research settings. Formal exercise testing 

is widely used and gives comprehensive information to aid diagnosis, prognosis and decision 

making (American Thoracic Society/American College of Chest Physicians, 2003). 

Cardiorespiratory endurance or functional aerobic capacity can be measured in the laboratory 

or in the field depending on the equipment available, the patient population, and the 

experience of the tester.  

The gold standard criterion for assessing aerobic capacity is by measuring maximal oxygen 

consumption (VO2max) or the rate of oxygen utilisation of the muscles during aerobic exercise 

(Shephard et al., 1968). VO2max is measured using a cardiopulmonary exercise test (CPET) 

where respiratory gas analysis is performed during graded exercise to exhaustion. 

Disadvantages of maximal exercise testing are that it may be unpleasant for participants; it 

requires experienced personnel, specialised equipment and medical supervision; and is 

expensive. Consequently maximal exercise tests are not always feasible and submaximal 

exercise tests are often used as an alternative. The major categories of submaximal tests are 

predictive and performance tests. Predictive tests are submaximal tests that predict maximal 

aerobic capacity on the basis of workload achieved at a predetermined sub-maximal heart rate 

or rating of perceived exertion (Jones et al., 2008a). Performance tests involve measuring the 

responses to standardised physical activities that are typically encountered in everyday life 

(Noonan and Dean, 2000). Research has shown moderate to high correlations between 
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submaximal and maximal exercise capacity and therefore submaximal testing is a useful 

substitute to maximal exercise testing (May et al., 2010, Cahalin et al., 1996, Riley et al., 1992, 

Win et al., 2006). In clinical cohorts, submaximal exercise testing is used more commonly than 

maximal testing, as it is easily administrated, less likely to cause adverse events and does not 

require medical supervision. 

Field walking tests are commonly used predictive submaximal tests where the distance 

covered during the tests correlate with measures of peak oxygen consumption or VO2max. Field 

walking tests have been shown to be strong, independent predictors of morbidity and 

mortality for various disorders (Celli et al., 2004, Lederer et al., 2006, Cahalin et al., 1996). In 

this thesis, field tests were used to measure exercise capacity. For the reasons outlined above, 

field tests were deemed the most feasible, safe and appropriate for this clinical population. 

Two field tests were used in this thesis, the incremental shuttle walk test in Study 1 and the six 

minute walk test in Study 3. Both tests are described below in Section 2.3.1.2 and Section 

2.3.1.4.  

 

2.3.1.2 The Incremental Shuttle Walk Test  

The Incremental Shuttle Walk Test (ISWT) is an externally paced, incremental walking test, 

where the distance achieved is an indication of an individual’s fitness level (Singh et al., 1992). 

The ISWT was originally developed for patients with chronic obstructive pulmonary disease 

and is considered a valid and reliable test to assess maximal exercise capacity in this 

population (Parreira et al., 2014). The ISWT has also been used to assess exercise capacity in 

conditions such as cardiac disease, peripheral artery disease, obesity, pulmonary hypertension, 

intermittent claudication, bronchiectasis and in people with critical illness. The ISWT has been 

validated in patients with lung cancer and in surgical populations where the distance covered 

correlates well with peak oxygen consumption to provide an indication of aerobic fitness (Win 

et al., 2006, Struthers et al., 2008). It has been shown to be a sensitive indicator of operative 

risk in oesophageal cancer patients undergoing surgery (Murray et al., 2007). Benefits of this 

test are that it is standardised, incremental and externally paced which minimises the effect of 

patient motivation and the influence of the tester. Predictive equations for the distance in the 

ISWT are available for healthy adults (Probst et al., 2012, Jurgensen et al., 2011). In 2013, age-

specific normal values were established for a healthy British population aged 40-90 years 

(Harrison et al., 2013). Predicted maximal exercise capacity (VO2 max) can be calculated from 

the following equation; VO2 max = 4.19 + 0.025 (distance in metres) (Singh et al., 1994).   
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2.3.1.3 The ISWT measurement procedure 

The ISWT was performed using methods established by Singh and colleagues (1992). Resting 

heart rate and blood pressure were measured and recorded prior to commencing the test. The 

formula 220-age was used to calculate the participants predicted maximal heart rate and 

subsequently 85% of this was calculated. Each participant was fitted with a polar heart rate 

monitor and this was worn for the duration of the test (Timex Personal Trainer). Standardised 

instructions were given on a CD. These instructions were repeated verbally to ensure they 

were understood and each participant knew what was expected during the test. Participants 

walked between two cones in time to a set of auditory beeps played on the CD. The participant 

kept pace with the auditory signal such that he/she completed a turn as each beep sounded. 

The two cones were placed 9 meters apart making the shuttle distance 10 metres long. Every 

minute the audio signal sounds at increasingly shorter intervals. There are 12 levels of speed 

beginning at 0.5m/s and ending at 2.37m/s. One beep indicates the length of one shuttle and 

three beeps indicates an increase in speed. No encouragement was provided during the test, 

however the following standard prompts were used; each time the there was a triple beep: 

“increase your speed now...” and if the participant was more than 0.5m away from the cone 

when the beep sounds: “You’re not going fast enough; try to make up the speed this time”. It 

was determined that the participant could no longer keep up with the beeps when they were 

more than a half metre from the cone when the beep sounded and they could not increase 

their pace sufficiently by the next beep. The end point of the test was reached when the 

participants reached 85% of his/her predicted maximal heart rate, was too breathless to 

continue, could no longer keep up with the beeps or chose to stop for any other reason.  The 

number of shuttles (laps between the cones) was recorded. Each shuttle represents a distance 

of ten metres. The primary outcome was the distance covered calculated from the completed 

number of shuttles. 

 

2.3.1.4 The Six Minute Walk Test 

The Six Minute Walk Test (6MWT) is a performance-based measure of functional exercise 

capacity which measures the distance an individual is able to walk over a total of six minutes 

on a hard, flat surface. The goal is for the individual to walk as far as possible in six minutes. 

The 6MWT was developed by Balke in 1963 as a means to evaluate functional capacity (Balke, 

1963). Different variations of the timed walk have been tested, and the six minute timed walk 

was recommended given its reproducibility and ease of administration compared to timed 

tests of longer duration (Butland et al., 1982). The 6MWT was originally developed for patients 
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with pulmonary or cardiac disease; however the test has since been used as a performance-

based measure of functional exercise capacity in other populations including healthy older 

adults, people undergoing knee or hip arthroplasty and in populations with various chronic 

diseases including heart failure, COPD, stroke and rheumatic conditions. In recent decades the 

6MWT has been increasingly used in cancer research (Ligibel et al., 2012, Riesenberg and 

Lubbe, 2010, Temel et al., 2009). The distance walked in the 6MWT has been proposed as a 

prognostic factor for survival in patients with advanced lung cancer (Jones et al., 2012). 

Recently the 6MWT was found to be a valid and reliable measure of exercise capacity in a 

general cancer population and the use of this test was recommended for cancer patients 

(Schmidt et al., 2013).  

 

2.3.1.5 The 6MWT measurement procedure 

The 6MWT was performed according to the American Thoracic Society Guidelines (2002).  

Resting heart rate, blood pressure and oxygen saturation were measured and recorded prior 

to commencing the test. The participant was familiarised with the Modified Borg Dyspnoea 

Scale (Appendix IV). Each participant was fitted with a polar heart rate monitor and this was 

worn for the duration of the test. The test was performed indoors along a long, flat, straight, 

enclosed corridor. The walking course was 30 metres in length and the length of the corridor 

was marked every 3 metres. The turnaround points were marked with a cone.  

The following instruction was given to each participant: “The object of this test is to walk as far 

as possible for 6 minutes. You will walk back and forth in this hallway, Six minutes is a long time 

to walk, so you will be exerting yourself. You will probably get out of breath or become 

exhausted. You are permitted to slow down, to stop and to rest as necessary. You may lean 

against the wall while resting but resume walking as soon as you are able. You will be walking 

back and forth around the cones. You should pivot briskly around the cones and continue back 

the other way without hesitation. Now I am going to show you. Please watch the way I turn 

without hesitation.”  How to turn without hesitation was then demonstrated. “Are you ready 

to do that? I am going to keep track of the number of laps you complete. Remember that the 

object is to walk AS FAR AS POSSIBLE for 6 minutes, but don’t run or jog. Start now or whenever 

you are ready.” The number of times the patient returned to the starting point on the course 

was recorded during the test. At the end of each minute the patient’s heart rate from the polar 

heart rate monitor was recorded and the patient was asked to rate themselves on the BORG 

rate of perceived exertion scale. During the test the following standardised encouragement 
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were given in an even tone of voice;  

 

Time remaining Instruction to patient 

5 minutes You are doing well. You have 5 minutes to go 

4 minutes Keep up the good work. You have 4 minutes to go 

3 minutes You are doing well. You are halfway done 

2 minutes Keep up the good work. You have only 2 minutes left 

1 minutes You are doing well. You have only 1 minute to go 

15  seconds In a moment I’m going to tell you to stop. When I do, just 

stop right where you are and I will come to you.  

 

Stop.  

 

If the participant stopped walking during the test and needed a rest the time was not stopped. 

The following instruction was given; “You can lean against the wall if you would like; then 

continue walking whenever you feel able.” At the end of the test the total number of laps 

completed was counted and this was added to the additional distance covered (the number of 

metres in the final partial lap) to calculate the total distance walked. The primary outcome was 

the total distance covered in the six minutes. Predictive equations for the distance in the 

6MWT are available for healthy adults (Casanova et al., 2011).  

 

2.3.1.6 Safety considerations 

Safety considerations which were common to both field tests are detailed in this section. 

Exclusion criteria for exercise testing included those with a neurological or musculoskeletal 

condition limiting independent mobility, those who were deemed medically unsuitable to 

complete an exercise test or those with known absolute contraindications to exercise testing 

and exercise training as per the American College of Sports Medicine guidelines (Pescatello, 

2013). For cancer survivors, details related to their past medical history were documented in 

their medical records and in the database maintained in St. James’s Hospital. Any further 

queries regarding participants past medical history was directed to the medical team. Control 

participants were asked to verbally report whether they had any respiratory, cardiac or 

metabolic disease or other relevant medical conditions.  
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Each participant filled out a Physical Activity Readiness Questionnaire (Appendix V) which was 

developed by the Canadian Society for Exercise Physiology to identify adults who may be at 

risk with commencing or increasing exercise (Adams, 1999). The PAR-Q collects information 

regarding the presence of a heart condition, chest pain, dizziness, bone or joint pain, use of 

anti-hypertensives or diuretics or any other known contraindications to exercise. Further 

details were required if the participant responded “yes” to any questions. Clinical reasoning 

was used to determine if the participant was suitable to complete the test. For example if the 

participant was taking antihypertensive medications, the test was completed provided resting 

blood pressure measurements taken on the morning of testing were within normal ranges. 

Before the exercise test, resting heart rate and blood pressure measurements were taken 

using an automatic blood pressure monitor (Omron 705IT). If resting blood pressure was 

consistently higher than 144/94 on the day of testing, the fitness test was not completed and 

the participant was advised to inform their G.P at their next appointment. 

Termination criteria for the fitness tests were established and the test was to be immediately 

stopped if any following occurred:   

 Any chest pain that was suspicious of angina 

 Intolerable dyspnoea 

 Evolving light headedness or dizziness  

 Leg pain or fatigue to limit further exercise  

 Evolving mental confusion or lack of coordination  

 Diaphoresis  

 Pale or ashen appearance 

 Any other clinically warranted reason  

After testing it was ensured that each participants reported feeling well and their heart rate 

had returned to resting values before the leaving the centre. The standard operating 

procedure for safety during exercise testing is included as Appendix VI.  

 

 

2.3.2 Muscle strength 

Muscular strength is defined as the ability of a muscle group to develop maximal contractile 

force against a resistance in a single contraction (Heyward, 2010). Strength is an important 

component of health related physical fitness and can be quantified through isometric, isotonic 
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and isokinetic measurements. Isometric contractions generate force without changing the 

length of the muscle. In contrast, isotonic contractions maintain constant tension in the muscle 

as the muscle changes length and therefore this is associated with the movement of a body 

part. Isotonic contractions can be either concentric or eccentric. In isokinetic muscle 

contraction, the muscle contracts maximally throughout its full range of movement. The 

defining characteristic of isokinetic muscle contractions is that they result in movements of a 

constant speed. The velocity of the contraction is controlled mechanically.  

Strength testing is useful for a number of reasons. It can be used to predict performance, to 

establish baseline measures before a training programme, to monitor progress during training, 

to identify muscle imbalance and as a measure of the overall effectiveness of resistance 

training or a rehabilitation programme. Minimal levels of muscle strength are needed to 

perform activities of daily living, to maintain functional independence throughout the ageing 

process and to partake in active leisure-time pursuits without undue stress or fatigue. 

Adequate levels of muscular strength decrease the chance of developing osteoporotic 

fractures, low back problems and musculoskeletal injuries. The measurement of muscle 

strength is an important outcome in a cancer population. Cachexia and sarcopenia are 

particularly prevalent in an oesophageal cancer population and these conditions are 

characterised by a loss of skeletal muscle mass. A loss of muscle mass can result in decreased 

muscle strength and consequently reduced functional capacity (Doherty, 2003, Evans and 

Campbell, 1993, Donohoe et al., 2011b). 

 

2.3.2.1 Measurement of muscle strength 

Isokinetic muscle testing is considered the gold standard measurement for muscle strength 

and therefore is frequently used as a reference standard to compare to other instruments of 

muscle strength. Isokinetic dynamometers are computerised machines capable of providing 

multiple elements of measuring muscle strength including peak force, endurance, power, 

angle of maximal force, and occurrence and they are capable of generating strength curves (Li 

et al., 2006). However disadvantages of isokinetic dynamometry are that it is expensive, bulky, 

time consuming, and requires training and skill to use. Therefore a more practical means of 

muscle strength measurement is required for repeated clinical testing in a variety of locations. 

Hand held dynamometry is a simple non-invasive measure which provides a quantified 

measurement of muscle strength. This method of strength testing is widely used across 

research and clinical settings as it is easy to use, relatively inexpensive and portable. Hand held 

dynamometry has demonstrated moderate to good reliability and validity when compared to 
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isokinetic testing and therefore is recommended as the practical standard for muscle strength 

assessment (Stark et al., 2011). For these reasons, hand held dynamometry was used as the 

measure of muscle strength in the studies included in this thesis.  

 

2.3.2.2 Hand grip strength 

Hand grip strength (HGS) is widely used as a means of predicting health outcomes, functional 

decline and loss of independence (Bohannon, 2001, Norman et al., 2011). Low HGS has been 

consistently associated with a greater likelihood of premature mortality, the development of 

disability and an increased risk of complications or prolonged length of stay after 

hospitalisation or surgery (Leong et al., 2015, Bohannon, 2008). HGS correlates well with 

overall upper and lower limb strength and is therefore a good surrogate of generalised muscle 

strength (Bohannon, 2012, Norman et al., 2010, Samson et al., 2000). In patients with 

advanced cancer, HGS has been shown to be independently associated with important 

biological, functional and quality of life characteristics (Kilgour et al., 2013). Furthermore HGS 

has been shown to be a significant predictor of increased post-operative complications and 

mortality after oesophagectomy (Chen et al., 2011).  

In the studies included in this thesis, HGS was measured using a Jamar digital handgrip 

dynamometer (Figure 2.1).  The Jamar dynamometer has been shown to be a valid and reliable 

measure of hand grip strength in a number of populations (Abizanda et al., 2012, Harkonen et 

al., 1993, Mathiowetz et al., 1984). More recently, hand held dynamometry has been validated 

in patients with advanced lung and gastrointestinal cancer (Trutschnigg et al., 2008). The Jamar 

hand dynamometer is the most widely cited instrument in the literature and is generally 

accepted as the gold standard by which other dynamometers are evaluated (Mathiowetz, 

2002). The clinical utility of the Jamar dynamometer is enhanced by the wide availability of 

normative data which has been established in a number of populations including; healthy 

Caucasian adults (Gunther et al., 2008), British men and women (Spruit et al., 2013), healthy 

Swiss adults (Werle et al., 2009), American adults with or without chronic diseases (Yorke et 

al., 2015) and in an Irish adult population (Kenny et al., 2013). This normative data enables 

comparisons to be made between specific study cohorts and the general population.  

 

2.3.2.3 HGS measurement procedure 

The Jamar dynamometer is a small portable device which weighs approximately 600g. The 
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readout displays isometric grip force from 0-90 kg. The unit’s display can be set to display 

pounds or kilograms. The Jamar is a variable hand span dynamometer with five handle 

positions. The second handle position is the most reliable and consistently used position in 

both clinical and research settings (Roberts et al., 2011). It has been shown that measurements 

taken at a single standard handle position are sufficiently accurate to assess grip strength for 

all participants and a single handle position reduces fatigue and increases the comparability of 

results between participants (Trampisch et al., 2012). Accordingly the dynamometer was 

maintained in the second handle position for all measurements included in this thesis. 

Participants completed the HGS protocol as per the protocol recommended by the American 

Society of Hand Therapists (Fess, 1992). According to this protocol each participant was seated 

in a chair with both feet touching the ground. The shoulder was adducted and neutrally 

rotated with the elbow flexed at a 90° angle. The forearm was in a neutral position with the 

wrist in slight extension (0°-30°). The participant squeezed the dynamometer as hard as 

possible using one brief maximal contraction and no extraneous body movement. Three trials 

were administered for each hand, allowing a 1 minute rest between trials. The best score was 

used as a measure of the participant’s static strength.  

 

 

  

Figure 2.1 Jamar HGS dynamometer 

 

2.3.3 Physical activity levels 

Physical activity (PA) is defined as any bodily movement produced by skeletal muscles that 

requires energy expenditure (Caspersen et al., 1985). This includes activities undertaken while 

working, playing, carrying out household activities, travelling, and engaging in recreational 
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pursuits. Exercise is a subcategory of physical activity that is planned, structured, repetitive, 

and aims to improve or maintain one or more components of physical fitness. PA is the most 

variable component of an individual’s total daily energy expenditure (EE), which in addition to 

voluntary PA is comprised of basal metabolic rate (BMR) and thermogenesis (Dishman et al., 

2001). BMR is the amount of energy expended while at rest in a neutrally temperate 

environment, in the post-absorptive state. In many people BMR represents approximately 60-

70% of total EE. The main determinants of BMR are age, gender, body weight, and body 

composition. Thermogenesis is the amount of energy utilised for digestion, absorption and 

transportation of nutrients. This accounts for about 10% of total energy intake associated with 

a mixed western diet.  

Regular moderate and/or vigorous intensity physical activity is associated with significant 

health benefits including weight control, bone, muscle and joint health and psychological 

wellbeing. Furthermore regular physical activity reduces the risk of chronic diseases, such as 

coronary disease, type II diabetes, hypertension, stroke, cancer, osteoporosis and depression. 

Physical activity is highly relevant across the cancer continuum. It is well established that 

physical activity plays a role in the prevention of many cancers and is effective in decreasing 

treatment side effects, speeding recovery after a cancer diagnosis, and enhancing survival 

(Schmitz et al., 2010). 

In 2011 the American College of Sports Medicine (ACSM) released an updated statement on 

physical activity guidelines to promote and maintain health and reduce the risk of chronic 

disease. Guidelines on physical activity encompass all dimensions of activity i.e. intensity, 

frequency, duration and mode. They recommend that adults engage in 30-60 minutes of 

moderate intensity exercise on ≥ five days a week or 20-60 minutes a day of vigorous exercise 

on ≥ three days a week or a combination of both (Garber et al., 2011). Exercise may be 

performed in one (continuous) session per day or in multiple sessions of 10 minutes to 

accumulate the desired duration and volume of exercise per day. For maximum health benefits 

it is recommended that moderate and vigorous intensity activity is built up in bouts of at least 

10 minutes. In 2010, an ACSM roundtable consensus statement on exercise guidelines for 

cancer survivors was published (Schmitz et al., 2010). This provides recommendations to 

health care professionals regarding the implementation of physical activity programs for 

cancer survivors both during and after cancer treatment. The physical activity levels 

recommended for cancer survivors are identical to the general population with the addition of 

specific precautions which must be considered with individual cancer populations.  
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2.3.3.1 Measurement of physical activity 

Physical activity is a complex set of behaviours, with possible measurements made of its 

duration, frequency, intensity, type or setting (Bauman et al., 2006). The high degree of 

variability in daily PA within and among people in free living populations makes the accurate 

assessment of PA very difficult. There are a large number of techniques for the assessment of 

PA, which include behavioural observation, questionnaires, and physiological markers such as 

heart rate, calorimetry, and motion sensors (Westerterp, 2009).  

Calorimetry, in particular the doubly labelled water method, is the most precise measure of EE 

and is considered the gold standard for the validation of field methods of assessing PA 

(Melanson and Freedson, 1996). Doubly-labelled water is an isotope based technique of 

measuring total EE and BMR to calculate activity related EE (Westerterp, 2009). However, 

doubly-labelled water is a complex and costly technique and therefore is primarily used in 

small study populations only (Plasqui and Westerterp, 2007). Indirect calorimetry, which 

provides a measure of respiratory gas exchange (oxygen consumption) during exercise, can 

also be used to estimate EE as a result of PA (Rowlands et al., 2004).  

Behavioural observation is one of the earliest methods to assess PA. An advantage of this 

measure over other measures of PA is that it also provides contextual information. 

Disadvantages are that the method is time consuming, the presence of the observer might 

interfere with the activity levels of the subject and the classification of observed activities, 

especially activity intensity, are subjective (Westerterp, 2009). Self reports are the most widely 

used measure of PA, particularly in epidemiological studies. The methodology is cheap and 

allows application in large populations. An activity diary can be very accurate about type, 

frequency and duration when maintained accurately and contemporaneously. A diary 

however, may have the effect of motivating people to be more active than usual during the 

time period being studied. A recall questionnaire avoids the problem of interference with usual 

activity but its accuracy varies according to the length of time being recalled and the 

complexity or regularity of habits. Questionnaires are most useful as a method of ranking 

activity in large scale epidemiological studies. Examples of commonly used PA questionnaires 

include the Minnesota Leisure Time Physical Activity Questionnaire, the Harvard 

Alumni/Paffenbarger Physical Activity Survey, the International Physical Activity Questionnaire 

and the Global Physical Activity Questionnaire. Despite their large scale application, the 

reliability and validity of these self report measures are low and they show poor correlations 

with doubly labelled water (Maddison et al., 2007, Rush et al., 2008). There is a tendency for 

people to either significantly under or over estimate their levels of PA (Maddison et al., 2007, 
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Celis-Morales et al., 2012, Mahabir et al., 2006).  

Heart rate (HR) monitoring was one of the first objective methods for the assessment of PA. 

Heart rate monitors provide surrogate measures of EE and intensity and can also indicate time, 

which permits a measure of the frequency, duration and rate at which physical activities are 

carried out. However HR monitoring is an indirect measure and limitations of this method 

include the non-linearity of HR during sedentary and light activities and the fact that the rise in 

HR with activity depends on the aerobic fitness level of the individual. Furthermore stimuli 

other than exercise and activity such as caffeine or nicotine can also stimulate the heart to 

beat faster and this can lead to an overestimation of activity intensity.  

Other objective measures of PA include motion sensors, which measure activity in one or more 

plane of movement. The simplest type of motion sensor is the pedometer, which counts the 

steps that a person takes, and is particularly useful for capturing walking behaviour. However, 

a limitation of the pedometer is that it does not record the intensity of the activity being 

undertaken. Accelerometers are more advanced motion sensors which provide a measure of 

both frequency and intensity of movement. Accelerometers are usually placed as close as 

possible to the body’s centre of gravity or on the hip in the mid axillary line and can measure 

acceleration in one (uniaxial), two (biaxial) or three (triaxial) planes. Some disadvantages of 

accelerometers are that they can be expensive and are not suitable for aquatic activities or 

activities where there is minimal movement of the body’s centre of gravity, such as cycling or 

rowing (Dishman et al., 2001).   

The choice of PA measurement tool depends primarily on the research question, the accuracy 

required, feasibility and participant burden (Broderick et al., 2014c). Accelerometers are 

growing in popularity as the tool of choice to measure habitual PA in daily life (Westerterp, 

2009). Accelerometers are objective, feasible and with minimal wearer burden can measure 

some or all of the following:  EE, the number and length of activity bouts, breaks in sedentary 

time, adherence to activity guidelines and postural transitions. Therefore accelerometers have 

been recommended as one of the best measures of PA in cancer based studies (Broderick et 

al., 2014c).   

Considering the advantages and disadvantages of each measure of PA as discussed in this 

section, accelerometers were chosen as the most appropriate method of measuring habitual 

PA levels for the studies in this thesis. Two acceleromerers were used in this thesis, the RT3 

accelerometer in Study 1 and the ActiGraph accelerometer in Study 3. Following the 

commencement of Study 1, the accelerometry monitoring system available in the department 
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upgraded from the older RT3 to the Actigraph GT3X. The RT3 was used to completion of Study 

1 and then PA monitoring changed to the Actigraph GT3X system. The RT3 and ActiGraph are 

described below in Section 2.3.3.2 and Section 2.3.3.3 respectively.  

 

2.3.3.2 RT3 accelerometer 

The RT3 accelerometer (Stayhealthy Inc, Monrovia, CA) assesses activity in three planes 

[vertical, anteroposterior and mediolateral]. The RT3 measures 7.1 x 5.6 x 2.8 cm, weighs 65.2 

grams (Figure 2.2) and is generally placed at the hip. It can record up to 21 days in 1 minute 

epochs and provides activity counts and a measure of EE. The RT3 meter generates data every 

minute and is set to report on a composite three-dimensional signal called the vector 

magnitude. The vector magnitude indicates the intensity of PA. The RT3 accelerometer has 

been shown to be a valid (Rowlands et al., 2004) and reliable (Powell and Rowlands, 2004) 

measure of PA levels in healthy populations. Furthermore the RT3 has been validated in a 

range of other populations including children (Hussey et al., 2009), functionally impaired older 

adults (Sumukadas et al., 2008), overweight and obese women and adults with COPD (Van 

Remoortel et al., 2012) and neurological dysfunction (Hale et al., 2008).  

 

 

Figure 2.2 RT3 accelerometer 
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2.3.3.3 ActiGraph accelerometer 

The ActiGraph accelerometer (ActiGraph, Pensacola, FL) measures activity in three planes 

(vertical, anteroposterior and mediolateral). The ActiGraph wGT3X-BT measures 4.6 x 3.3 x 1.5 

cm and weighs 19 grams (Figure 2.3). It has a battery life of up to 25 days with data storage of 

up to 120 days or 2GB. It can be worn on the wrist, waist, ankle or thigh. It provides measures 

of raw acceleration (G’s), activity counts, EE, MET rates, steps taken, PA intensity, activity 

bouts, sedentary bouts and body position. Similarly to the RT3, the ActiGraph generates data 

every minute and is set to report on a composite three-dimensional signal called the vector 

magnitude. The ActiGraph accelerometer has been shown to be a valid (Kelly et al., 2013) and 

reliable  (Santos-Lozano et al., 2012) measure of PA levels in healthy populations. 

 

 

 

Figure 2.3 ActiGraph accelerometer 

 

2.3.3.4 Physical activity measurement procedure 

The basic measurement procedure was the same for both accelerometers. Each participant 

was provided with an accelerometer to wear during waking hours for seven days. Participants 

were asked not to change their activities over the monitoring period. It was explained that the 

aim was to get an idea of their ‘normal’ activity patterns. The RT3 monitor was worn clipped 

on to the band of trousers, a belt or a skirt. The ActiGraph monitor was provided to the 

participant with a belt which was worn around the hips. Participants were asked to place the 

monitor at their right hip. Participants were provided with instructions on monitor use and 

were asked to record the times they put on and took off the monitor each morning and night 

(Appendix VII). In addition participants were asked to record any other times during the day 

that they removed the activity monitor and when it was put back on. Reasons to remove the 

activity monitor included; going for a shower/bath, going for a swim or going for a sleep in bed 
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during the day. Each participant in Study 1 also filled out an activity diary detailing any specific 

exercise or PA undertaken over the monitoring period. A stamped addressed envelope was 

provided for participants to return the monitor and diaries to the study investigator after 

seven days.  

 

2.3.3.5 Physical activity data analysis  

Data from the RT3 accelerometer was downloaded via a docking station to a computer where 

it was converted to a Microsoft Excel file. All data analysis was completed in Microsoft Excel. 

Activity intensity was defined from previously validated cut points (Rowlands et al., 2004). 

Light intensity activity was defined as 100-984 counts per minute, moderate intensity activity 

was defined as 984-2340 counts per minute and vigorous intensity activity was defined as 

>2340 counts per minute. Sedentary behaviour was defined as ≤100 counts per minute (Healy 

et al., 2011). Periods of ≥60 minutes of consecutive zeros were deemed non-wear time and 

were removed during analysis. The ActiGraph accelerometer was connected via USB cable to a 

computer where it was uploaded to the ActiLife programme. All data analysis was completed 

using the ActiLife software. The data, collected at the pre-selected sample rate of 30Hz, was 

analysed in 60 second epochs. Wear time validity of the data was determined according to a 

set algorithm where ≥60 minutes of consecutive zeros were classified as non-wear time 

(Troiano et al., 2007). Activity intensity was defined using previously validated cut-points 

(Freedson et al., 1998). Sedentary activity was defined as 0-99 counts per minute, light 

intensity activity was defined as 100-759 counts per minute, moderate intensity activity was 

defined as 1952-5724 counts per minute and vigorous intensity activity was defined as  5725-

9498 counts per minute.  

For both the RT3 and the ActiGraph, the activity diary was analysed in conjunction with the 

accelerometer output and non-wearing time (bed, bath and shower time) was deleted. Missed 

days were identified and deleted. Days where the monitor had been worn for less than 10 

hours were not included in the analysis (Troiano et al., 2007). The average time (number of 

minutes) per day spent sedentary and engaged in each intensity of activity was calculated 

(total minutes spent in activity intensity in the week ÷ number of days monitor was worn). 

Sedentary time, expressed as a percentage of overall wear time was also calculated. A 

secondary analysis of the data was conducted to assess for time spent in bouts of moderate 

and vigorous intensity activity. This was done to assess for adherence to physical activity 

guidelines (30 minutes moderate-to-vigorous intensity activity at least 5 days per week) which 
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stipulate that activity should be accumulated in bouts of at least 10 minutes duration (Garber 

et al., 2011, Schmitz et al., 2010). Both moderate and vigorous intensity minutes were treated 

equally within each bout. For the RT3 accelerometer, analysis was performed using the 

conditional formatting option function in Microsoft Excel. The file was examined manually for 

bouts of moderate-to-vigorous intensity activity lasting ≥ 10 minutes. Within each bout, one 

minute of light activity was permitted provided there was at least 5 minutes of moderate-to-

vigorous activity both before and after it. For the ActiGraph accelerometer, the ActiLife 

software identified bouts of ≥ 10 minutes duration of moderate to vigorous activity as per the 

cutpoints established by Freedson et al., (1998). A ‘drop out’ or non-compliant time of 2 

minutes was permitted per bout.  

 

2.4 Body composition 

 

Body composition is the body’s relative amount of fat to fat-free mass. Measurements of body 

composition describe the percentages of fat, bone, water and muscle in human bodies. Several 

aspects of body composition, in particular the amount and distribution of body fat and the 

amount and composition of lean mass are important health outcomes (Wells and Fewtrell, 

2006). The measurement of body composition is particularly important in a cancer population 

as many body composition features have been associated with cancer incidence, aetiology, 

and therapeutic outcomes (Parsons et al., 2012).  

 

2.4.1 Measurement of body composition  

In the clinical setting, anthropometric methods such as body weight, body mass index (BMI), 

circumferential measurements and skinfold thickness are commonly used. Bioelectrical 

impedance analysis (BIA) is also widely used clinically and has advantages over BMI in that it 

provides estimates of fat free mass and percentage body fat. Laboratory methods which can 

be used to measure body composition include dual-energy X- ray absorptiometry (DEXA), CT 

imaging analysis and magnetic resonance imaging (MRI). CT and MRI are considered very 

precise imaging systems that can separate fat from other soft tissues of the body, making 

these methods gold standards for estimating muscle mass in research (Cruz-Jentoft et al., 

2010).  In this thesis, body composition was measured primarily via anthropometric measures 

and BIA. These techniques are described in Section 2.4.2 and Section 2.4.4. In Study 1, body 
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composition was also retrospectively analysed in greater detail through the gathering of 

longitudinal body weight data and the assessment of the presence of sarcopenia during 

treatment using available abdominal CT-scans. The analysis of the CT scans to identify 

sarcopenia is described in Section 2.4.6. 

 

2.4.2 Anthropometry 

Anthropometry refers to the measurement of the size and proportion of the body using 

measures of body weight, height, circumferences and length. These measures are cheap and 

feasible to perform and are widely used as measures of body composition (van der Kooy and 

Seidell, 1993). BMI assesses body weight relative to height. It's a useful, indirect measure of 

body composition because it correlates with body fat in some people. It is a more accurate 

guide than body weight alone because it considers height as well as weight. However a 

limitation of BMI is that it does not distinguish between fat mass and muscle mass and 

therefore may misclassify well trained people with dense muscle mass but very little body fat 

as overweight or obese. Accordingly circumferential measures, skinfold thickness or more 

direct methods of measuring body fat are recommended for use in combination with BMI 

measures to identify those at increased risk for chronic disease. The measurement of waist 

circumference is a simple way to determine where fat is located in the body and is a very 

useful measure of the presence of abdominal obesity. Abdominal obesity is strongly associated 

with an increased risk of type II diabetes, cardiovascular disease and death, even after 

controlling for BMI (Ohlson et al., 1985, Larsson et al., 1984).  

 

2.4.3 Anthropometry measurement procedures 

Body weight 

Body weight was measured, to the nearest 0.1kg on the digital scales of the Tanita MC 180 

Multi-Frequency Body Composition Analyzer (described in Section 2.4.4). Participants were 

measured in one layer of light clothing. The machine deducts a predetermined weight, 

equivalent to one layer of light clothing, from the participants recorded weight.  

Standing height 

Standing height was measured using a portable SECA stadiometer. Participants were asked to 

stand, without shoes, on the footplate, with their back against the stadiometer, legs together, 
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arms down by their sides and mid-axillary line in parallel to the stadiometer. The head was 

positioned in the Frankfurt horizontal plane, the standard plane used for the correct 

orientation of the head, established by a line passing through the tragion (front of ear) and the 

lowest point of the eye socket. The headboard was lowered until it touched the crown of the 

head, compressing the hair. Measurements were taken to the nearest 0.1cm.  

Body mass index  

BMI was calculated by dividing weight in kilograms by height in meters squared (kg/m2).  BMI 

is used to classify persons who are underweight (<18.5 kg.m-2), normal weight (18.5-24.9 kg.m-

2), overweight (25-29.9 kg.m-2) or obese (Class I: 30-4.5 kg.m-2; Class II 35-39. kg.m-2; Class III: 

≥40) (WHO, 2000).  

Waist circumference  

Waist circumference was measured using a non-stretch flexible tape placed directly on the skin 

at the midpoint between the superior border of the iliac crest and the lowest rib, following 

normal expiration (WHO, 2011). The tape was checked to ensure it was positioned 

perpendicular to the long axis of the body and parallel to the floor. Measurements were taken 

in duplicate, to the nearest millimetre, and averaged for data entry.  The waist circumference 

cut off points for an increased risk of metabolic complications are >94 cm in men and >80 cm 

in women. The cut off points for a substantially increased risk of metabolic complications are 

>102 cm in men and >88 cm in women.  

 

2.4.4 Bioelectrical impedance analysis  

BIA is a relatively simple, quick, portable and non invasive measure of body composition that is 

used in a wide variety of clinical and research settings (Jaffrin, 2009). A low, safe electrical 

signal (50Khz) is sent through the body via metal footpads and handgrips (where applicable) 

which are housed in a single stand-alone unit. BIA can be measured using a four-electrode 

method or an eight-electrode method. The four-electrode method of BIA works using four 

electrodes found in the footplate of the analyser. The results are based on the leg to leg 

measurement and equations are used to estimate the body fat content for the remainder of 

the body. This method provides complete body readings only. The eight-electrode method of 

BIA works using eight electrodes, four of which are found in the footplate of the analyser and 

four of which are found in the handgrips.  As the electrical signal travels in more than one 

direction and flows through a greater section of the body this method allows for segmental 
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analysis of body composition and provides a more in-depth measurement than the four 

electrode method (Pietrobelli et al., 2004). Impedance is measured in Ohms and can be 

defined as the strength and speed of an electrical signal travelling through the body. BIA is 

based on the fact that lean tissue, such as muscle and blood, contain high levels of water and 

electrolytes and therefore acts as a conductor of an electrical signal. Fat tissue is comparatively 

anhydrous and acts as a resistor to the flow of an electrical signal (Wagner and Heyward, 

1999). Increasing levels of fat mass result in higher impedance value and correspond to higher 

levels of body fat. The only direct measurements that the BIA makes are weight and 

impedance; all other values such as body fat percentage, fat free mass, total body water, etc., 

are calculated using an equation based on these and other values such as height, age, gender 

and body type. 

Body composition was measured using the Tanita MC 180 Multi-Frequency Body Composition 

Analyzer in Study 1. This is an eight-electrode BIA system which has been validated as a 

measure of body composition and has shown moderate to high correlations with the criterion 

method DEXA (Jebb et al., 2000, Pietrobelli et al., 2004, Volgyi et al., 2008). However, as BIA 

provides an estimation of body composition, this method has some limitations. BIA has been 

shown to underestimate percentage body fat when compared to DEXA (Neovius et al., 2006, 

Leahy et al., 2012).  

 

2.4.5 BIA measurement procedure 

The level gauge on the Tanita MC 180 Multi-Frequency Body Composition Analyzer was 

checked to ensure the machine was level with the floor. The feet of the machine were 

adjusted accordingly (Multi-Frequency Body Composition Analyzer MC-180 Instruction 

Manual). Participants stood on the machine in bare feet and held the handgrips loosely down 

by their sides, ensuring correct placement on the electrodes. The following information was 

inputted: gender, standard body type, age and height. To complete the measure (<20 second 

duration), participants stood upright, ensuring that the thighs were not touching and that arms 

were straight down by their sides. The following details were recorded: weight (kg), BMI 

(kg/m2), body fat (kg), body fat (%), muscle mass (kg), fat free mass (kg), bone mass (kg), total 

body water (%) and BMR.  
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2.4.6 Sarcopenia 

Sarcopenia is a syndrome characterised by progressive and generalised loss of skeletal muscle 

mass and strength. It is associated with a risk of adverse outcomes such as physical disability, 

poor quality of life and death (Cawthon et al., 2007, Rolland et al., 2008). There are many 

factors which can contribute to the development of sarcopenia. Primarily, sarcopenia is a 

geriatric symptom which occurs with advancing age, however other causes can include: early 

life development influences, suboptimal diet, bed rest or sedentary lifestyle, chronic diseases 

and certain drug treatments (Cruz-Jentoft et al., 2010). Sarcopenia can be a feature of other 

syndromes such as cancer cachexia.  Cachexia is a complex metabolic syndrome associated 

with inflammation, insulin resistance, anorexia and increased breakdown of muscle proteins. 

Therefore most cachectic individuals are also sarcopenic, but most sarcopenic individuals are 

not considered cachectic (Cruz-Jentoft et al., 2010). Malnutrition and sarcopenia are adverse 

risk factors for patients undergoing neoadjuvant therapy and surgery (Awad and Lobo, 2011, 

Bower and Martin, 2009) and therefore their measurement is important to consider and 

include when investigating cancer cohorts. As discussed in Chapter 1, oesophageal cancer in 

particular, is a tumour which is associated with a relatively high frequency of malnutrition, 

sarcopenia and cachexia.  

The presence of sarcopenia is often identified through the measurement of muscle mass, with 

a muscle mass of more than two standard deviations below that typical of healthy adults a 

suggested definition (Baumgartner et al., 1998). There are a wide variety of methods available 

to measure muscle mass including MRI, DEXA, BIA and CT. CT and MRI are considered the gold 

standard techniques (Cruz-Jentoft et al., 2010), however their use is often limited due to 

expense, lack of expertise and lack of access. In this centre (SJH), patients undergoing 

treatment for oesophageal cancer have CT scans before and after neoadjuvant treatment, 

before surgery and at various other time points as required. These CT scans are taken for 

diagnostic purposes, however they are available electronically as part of the patient’s medical 

records. Therefore, with ethical permission, it was possible to access these scans in order to 

determine the presence of sarcopenia during treatment for participants who participated in 

Study 1. The use of diagnostic scans for this purpose has previously been recommended in the 

literature (Prado et al., 2008).  
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2.4.7 Sarcopenia measurement procedure 

Muscle cross sectional area analysis was carried out at the 3rd lumbar vertebra (L3) level using 

Hounsfield unit (HU) thresholds (-29 to +150) on a Siemens Leonardo workstation. The directly 

ascertained unit was area (cm2) of total L3 skeletal muscle. Cross sectional areas for muscle 

were normalised for stature (cm2/m2) as previously described (Baumgartner et al., 1998). 

Participants were deemed to be sarcopenic if their L3 skeletal muscle index fell below the 

established cut points of 52.4 cm2/m2 for men or 38.5 cm2/m2 for women (Prado et al., 2008). 

Estimates of whole body stores were generated using the following regression equations 

which show a close correlation between muscle areas in CT images at the third lumbar 

vertebrae and whole body compartments of fat-free mass: Total body fat-free mass (FFM) (kg) 

= 0.3 × [skeletal muscle at L3 (cm2)] + 6.06 (r = 0.94) (Mourtzakis et al., 2008).  

 

2.5 Health related quality of life  

 

As stated in Chapter 1 (Section 1.2), HRQOL is generally defined as the functional effect of a 

medical condition and/or its consequent therapy upon a patient and relates to physical, 

mental, emotional, and social functioning. HRQOL is widely recognised as an outcome of 

importance which complements more direct measures of population health such as 

life expectancy and morbidity and mortality rates. Measuring HRQOL can help determine the 

burden of disease and can provide valuable insights into the relationships between HRQOL and 

risk factors, outcomes and prognosis. Furthermore analysis of HRQOL data can identify 

subgroups with relatively poor perceived health and help to guide interventions to improve 

their situations and avert more serious consequences.  

As discussed in Chapter 1, there have been major advances and improved outcomes in the 

treatment of oesophageal cancer in recent decades. With this improved survivorship, studies 

into quality of life, both physical and psychological, are increasingly relevant to patient cohorts 

who have received complex and attritional therapies. Patient reported outcomes, such as 

HRQOL questionnaires, complement objective data to provide a broader and more 

comprehensive understanding of the patient experience. Subjective reports of HRQOL were 

assessed in Study 1 in this thesis.  
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2.5.1 Measurement of HRQOL 

HRQOL is generally measured through interview or questionnaires. The gold standard 

measurement is for patients to self-report their HRQOL using a patient reported outcome 

measure (PROM). PROMs are any report of status that comes directly from the patient, 

without interpretation of the patient’s response by a clinician or any other person; examples 

include indexes, scales or questionnaires. If a patient is too ill or too young to complete a 

patient reported outcome measure proxy data may be required on the patient’s HRQOL. There 

are numerous questionnaires available to evaluate HRQOL which are tailored to specific 

conditions and populations. These measurements can be used to quantify changes in HRQOL 

over time or to compare the HRQOL of patients with different conditions or who receive 

different treatments. 

Within a cancer population, the EORTC QLQ-C30 is one of the most widely used tools for 

evaluating HRQOL. This questionnaire was specifically developed to assess the HRQOL of 

patients with cancer. It has been translated and validated into 81 languages has been used in 

more than 3,000 studies worldwide. It consists of a core HRQOL questionnaire (QLQ-C30) 

which is supplemented by disease specific modules specific to individual cancers, for example 

the OES-18 for patients with oesophageal cancer. The results of the systematic review in 

Chapter 1 demonstrated that the EORTC QLQ-C30 is the most commonly used instrument to 

measure HRQOL in an oesophageal cancer population. Accordingly for ease of comparability, 

this instrument was chosen to evaluate HRQOL in this thesis.  

 

2.5.2 EORTC QLQ-C30 

The EORTC QLQ-C30 (version 3.0) with the oesophageal site-specific module EORTC QLQ-

OES18 was used (Appendix VIII). The QLQ-C30 is composed of both multi-item scales and 

single-item measures. These include five functional scales, three symptom scales, a global 

health status / QOL scale, and six single items. Each of the multi-item scales includes a 

different set of items - no item occurs in more than one scale. All of the scales and single-item 

measures range in score from 0 to 100. A high scale score represents a higher response level. 

Thus a high score for a functional scale represents a high/healthy level of functioning, a high 

score for the global health status/QOL represents a high QOL, but a high score for a symptom 

scale/item represents a high level of symptomatology or problems. The oesphageal module 

has four symptom scales (dysphagia, eating problems, reflux and pain) and six single items 

(trouble with swallowing saliva, choking, dry mouth and taste, coughing and speech problems). 
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This questionnaire has been shown to be a valid and reliable measure of HRQOL in patients 

with oesophageal cancer (Aaronson et al., 1993, Blazeby et al., 2003).  

 

2.5.3 EORTC QLQ-C30 data analysis  

Scoring of the EORTC QLQ-C30 was completed in accordance with the scoring manual (Fayers 

et al., 2001). The numerical responses from the questionnaires were entered into a Microsoft 

Excel spreadsheet. A raw score for each scale was calculated to estimate the average of items 

that contribute to the scale. A linear transformation was then used to standardise the raw 

score so that the scores ranged from 0 to 100.  The scoring procedure is outlined in Appendix 

IX.    
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Chapter 3 Qualitative Methods  

 

3.1 Introduction 

 

This chapter will describe study designs, sampling methods, procedures and data analysis 

related to the qualitative studies included in this thesis. These methods and procedures are 

common to Study 2 and Study 4 and subsequent chapters will refer back to the relevant 

sections when discussing individual study methods. 

 

3.2 Qualitative research  

 

Qualitative research is primarily exploratory research. It is used to gain an understanding of 

underlying opinions, reasons, and motivations. It provides insights into the problem or helps to 

develop ideas or hypotheses for potential quantitative research. Qualitative data are usually in 

the form of words rather than numbers and are a source of well grounded, rich descriptions 

and explanations of processes in identifiable local contexts (Miles and Huberman, 1994).  

Qualitative research in its most basic form involves the analysis of any unstructured data. 

Common data collection techniques include; observation, interview or the review of 

documents. Qualitative research can be conducted using a number of methodologies including 

ethnography, phenomenology, grounded theory or qualitative descriptive. Qualitative data  

are examined descriptively to notice similarities and differences in the data: categories, 

patterns and themes are then described and sometimes interpreted to provide a rich 

description of the experience as-lived (Magilvy and Thomas, 2009).  

Ethnography, phenomenology and grounded theory are based on specific methodological 

frameworks that emerged from specific disciplinary traditions (Lambert and Lambert, 2012). 

These methodologies describe the data and also tend to explain the phenomena. By 

comparison, qualitative descriptive studies are the least “theoretical” of all of the qualitative 

methodologies. Qualitative descriptive studies are a rich, straight description of an experience 

or event. With qualitative descriptive there is no pre-selection of study variables, no 

manipulation of variables and no prior commitment to any one theoretical view of a target 

phenomenon. Qualitative descriptive research stays ‘close to the data’ with the end result 
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being a comprehensive description of informants experiences in a language similar to the 

informants own language (Neergaard et al., 2009). Qualitative descriptive is the design of 

choice when a straight forward description of the phenomenon without an in-depth level of 

interpretation is desired (Lambert and Lambert, 2012).  

As the goal of the qualitative research in this thesis was not to generate any theory, but, 

rather, to identify and describe the experiences and opinions of survivors of oesophageal 

cancer in relation  to their treatment and recovery, a qualitative descriptive approach was 

chosen as the most appropriate.  

 

3.3 Study designs 

 

Many approaches to qualitative research can be taken with the two main forms being 

interview and observation. Observation of participants occurs in the context of a natural scene 

and observational data is used for the purpose of description. A skilled observer is trained in 

the process of monitoring both verbal and nonverbal cues, and in the use of concrete, 

unambiguous and descriptive language.  Several observation strategies can be used including; 

watching unobserved from the outside, maintaining a passive presence, engaging in limited 

interaction or acting as a full participant in the situation. Interviews can be carried out as the 

primary research strategy or in conjunction with observation, document analysis or other 

techniques. Interviews can take the form of informal or conversational, semi-structured, 

standardised open ended, or focus groups. Interviews can be carried out face to face or using 

other forms of communication such as the telephone, MSN messenger and email 

(Opdenakker, 2006). The advantage of interviews over other methods is that the interviewer 

has an opportunity to probe or ask follow up questions and, while they are time consuming 

and resource intensive for the researcher, they are generally easier for the respondent, 

particularly when opinions or impressions are being sought.  

In this thesis semi-structured individual interviews were chosen as the method of data 

collection. Semi-structured interviews are common in qualitative descriptive research 

(Sandelowski, 2000) and have previously been used in an oesophageal cancer population 

(Andreassen et al., 2006, Mills and Sullivan, 2000, Verschuur et al., 2006). A semi-structured 

interview is usually organised around an interview guide or schedule. This guide contains 

topics, themes, or areas to be covered during the course of the interview, rather than a 
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sequenced script of standardised questions. The aim is to ensure flexibility in how and what 

sequence questions are asked, and in whether and how particular areas might be followed up 

and developed with different interviewees. Questions are designed to be simple, open-ended 

and flexible and are directed towards discovering the who, what, where and how of events 

and experiences (Sandelowski, 2000). This allows participants to tell their own story in their 

own way and prevents a structure being put on answers. 

Given the wide geographical dispersion and varying occupational statuses of potential 

participants, individual interviews, as opposed to focus groups, were deemed the most feasible 

research method in this population. Furthermore, it has been suggested that group 

composition and dynamics in a clinical population such as this one could result in less than 

candid accounts of negative experiences or reluctance to describe accounts which are at odds 

with other patients experiences (McCorry et al., 2009). Focus groups can also limit the depth of 

the data collected as the time and space for the detail of each individual’s experience is 

limited. A further disadvantage of focus groups is that the more reserved participants may be 

intimidated in a group situation and not have the confidence to fully participate, resulting in 

the discussion being dominated by more outspoken participants. 

In this thesis, both face to face and telephone interviews took place in order to ease 

participant burden and maximise recruitment potential. The major difference between face to 

face and telephone interviews is the absence of visual and environmental cues with telephone 

interviews. This may result in loss of important non-verbal data such as facial expression or 

body language. However intonation, hesitations and sighs can be recorded and noted during 

telephone interviews and these can be useful to compensate for the absence of nonverbal 

responses. Loss of contextual data including the environment or the physical features of the 

participants can also occur with telephone interviews. However such data does not always 

enhance the understanding or interpretation of words and therefore the loss of contextual 

data may not necessarily undermine the quality of the study findings (Novick, 2008). 

Telephone interviews may also result in a loss or distortion of verbal data as compared to face 

to face interviews. It may be more difficult to build up a rapport between the interviewer and 

the participant over the telephone. This may result in fewer opportunities for probing and in-

depth discussion. However it has been reported that as telephone interviews allow the 

participant to remain in familiar comfortable surroundings, he/she may be more relaxed on 

the telephone and willing to talk freely (Novick, 2008). Therefore, despite the common 

perception that face-to-face interviews are superior to telephone interviews, a review by 

Novick (2008) revealed there is very little formal evidence regarding the merits and 
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shortcoming of one as compared to the other. Consequently this review concluded that until 

further well-designed studies have been carried out to compare interview modalities, there is 

no reason to favour a particular mode for qualitative interviews (Novick, 2008).  

 

3.4 Sampling  

 

A key characteristic of qualitative samples is that they are relatively small in size. This enables 

in-depth exploration of the phenomena under investigation. Qualitative samples tend to be 

purposive, rather than random. This is because the research question tends to be quite specific 

(e.g views of a certain group about a particular subject known to them specifically) and 

therefore random sampling would not answer the question. Furthermore with the small 

number of cases involved, random sampling could lead to a very biased sample (Miles and 

Huberman, 1994). With purposive sampling, participants are selected based on their 

knowledge and experience of the central topic of the study. The goal is to obtain cases 

deemed rich in information for the purpose of saturating the data. There a number of 

purposive sampling strategies that can be used in qualitative research. Examples include 

homogenous groups, extreme or deviant cases, typical cases, stakeholder sampling, intensity 

sampling, maximum variation sampling and criterion sampling (Miles and Huberman, 1994, 

Palys, 2008). Any sampling technique can be used in qualitative descriptive studies, however 

maximum variation sampling is often recommended as useful method to get a broad insight 

into a subject (Sandelowski, 2000, Neergaard et al., 2009).  

In this thesis two types of purposive sampling were used: criterion sampling and maximum 

variation sampling. Criterion sampling involves selecting information rich cases that meet 

some predetermined criterion of importance. Maximum variation sampling includes 

informants who cover a spectrum of positions and perspectives in relation to the phenomenon 

being studied (Palys, 2008). Specific details of sampling for both Study 2 and Study 4 are 

detailed in Chapter 5 and Chapter 7 respectively.  

 

3.5 Sample size 

 

The sample size for qualitative studies is generally determined by ‘data saturation’. Saturation 
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is defined as the point in data collection when no new or relevant information or perspectives 

are emerging from the data. Hence, this is the point at which no more data needs to be 

collected (Given, 2008). A method of continuous data analysis was used to identify data 

saturation (Pope et al., 2000). In this thesis, recruitment for Study 2 and Study 4 ceased once 

‘saturation’ was reached.  

 

3.6 Procedural aspect of interviews 

 

In this thesis, interviews took place in the Trinity Centre for Health Sciences, the Clinical 

Research Facility in St. James’s Hospital or over the phone. The interviews took place at a time 

and place that was most convenient for the participant. All interviews were carried out by the 

main investigator (JG). The main focus of the interviews was on the accounts of the survivors 

of oesophageal cancer but participants were given the option of attending with a close friend 

or family member if they wished. Contributions from family members who attended the 

interviews were transcribed, analysed and included in the study results because relatives are 

often involved in the treatment and recovery process and therefore provide useful and 

relevant additional information.  

A flexible interview schedule was used to guide the interviews and ensure all the main topics 

were discussed. During face to face interviews, relevant non-verbal communication was noted 

as field notes. Throughout the interview, respondent validation, or member checking was 

carried out, if deemed necessary, to clarify particular points the participants made. Following 

each interview overall impressions were memoed by the researcher (JG). In addition, where 

relevant, significant quotes, major ideas presented and potential revisions to the schedule 

were noted. All interviews were recorded using a digital voice recorder (Philips Voice Tracer 

digital recorder 3400).  

 

3.7 Data analysis  

3.7.1 Data preparation 

All recorded data was listened to once and then transcribed verbatim by the researcher (JG). 

Documented memos and field notes, where available, were read as the recording was 

replayed, ensuring non-verbal information was captured and added to the data. Accurate 
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transcription was ensured by listening to the recordings again while re-reading the transcripts. 

Any typographical errors or omissions were corrected, enhancing rigor and credibility (Milne 

and Oberle, 2005). To ensure confidentiality each participant was assigned a study code on 

completion of the interview. All names and any other details that could possibly identify 

participants were removed from the transcripts.  

The transcription of interviews can provide valuable learning and improve the research skills of 

the study investigator. Firstly, the transcription of interviews is an excellent way to become 

familiar with the data. The typing up of the recordings familiarises the interviewer with the 

information again, allows embedding of the information and a fresh perspective after the 

recording has taken place. Furthermore, the close attention required to transcribe data can 

facilitate the close reading and interpretive skills needed to analyse the data. Transcription can 

be recognised as an interpretive act where meanings are created rather than simply being 

considered the mechanical act of putting spoken sounds on paper (Braun and Clarke, 2006). A 

far more thorough understanding of the data is developed having transcribed it and therefore 

time spent in transcription is not wasted as it informs the early stages of analysis. If the data 

was transcribed by a third party the investigator would need to spend time familiarising 

himself/herself with the data and checking the transcripts against the original audio recordings 

for accuracy. After the transcription stage, the investigator (JG) felt familiar with the content of 

the data and was able to identify overt patterns and repeating issues in one or more 

interviews. These patterns were noted and were referred back to when coding the data. This 

highlights the value of transcription to the overall qualitative research process.  

In addition, the transcription process gave the investigator (JG) the opportunity to listen to the 

interviews as the study was progressing. This enabled the investigator to reflect on interviewer 

style and identify any potential interviewer bias. Through the process of listening to the 

recordings of the interviews, the investigator was able to assess whether the questions asked 

were always open ended and whether the participants were given appropriate time to think 

and answer. This is important as participants must be allowed to follow their own thoughts 

during data collection to ensure participant driven data and data driven analysis. The 

transcription of the interviews provided an opportunity for the investigator to identify where 

she may have influenced the results, for example the interviewer may have subconsciously 

given clues with her tone of voice which may subtly influence the participant towards the 

interviewers own opinions, prejudices or values. The opportunity to continually reflect on the 

conduct, style and flow of each interview gave the researcher the opportunity to revise and 

improve her interview style and decrease any interviewer bias. Consequently the study 
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investigator had the opportunity to become a more competent and experienced qualitative 

researcher.   

The learning which occurred as a result of the transcription and analysis of Study 2 led to 

improvements in interview technique by the investigator (JG) in Study 4. For example, having 

had the opportunity to reflect on interviewer style and technique throughout Study 2, the 

investigator was aware of the importance of allowing time for the participant to form an 

answer. This is important as participants must be allowed to follow their own thoughts during 

data collection to ensure participant driven data and data driven analysis. Asking questions 

during a conversational lapse could change the flow of the conversation. Therefore the 

investigator learned to develop a level of comfort with silences and pauses in conversation. 

Furthermore the investigator was cognizant of the importance of continually reflecting on any 

potential interviewer bias throughout data collection in Study 4. It is important to recognise 

the participant as the expert of their own experiences and remain open to what they believe. 

Ongoing reflection and note taking was required to ensure interviewer assumptions did not 

have any effect on what was learned. 

 

3.7.2 Qualitative data analysis 

Thematic content analysis, as described by Braun and Clark (2006), was used for analysis of the 

qualitative studies in this thesis. Thematic analysis is a method for identifying, analysing and 

reporting patterns or themes within data. Patterns are identified through a rigorous process of 

data familiarisation, data coding and theme development and revision. This form of analysis 

was chosen as it is not closely aligned to any pre-existing theoretical framework. It can be a 

realist method, which reports experiences, meanings and the reality of participants (Braun and 

Clarke, 2006). An inductive approach was chosen, in which the themes are strongly linked to 

the data (Braun and Clarke, 2006, Pope et al., 2000). Themes were identified at the semantic 

level. This involves the identification of themes within their explicit or surface meanings and 

where analysis does not look beyond what the participant has said. No attempt is made to 

interpret or theorise broader meanings or implications (Braun and Clarke, 2006). An inductive 

semantic approach to thematic analysis is therefore the ideal analysis for a qualitative 

descriptive study.  
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Table 3.1 Phases of thematic analysis (Braun & Clark, 2006) 

Phases of thematic analysis 

1. Familiarisation 

with the data 

Transcribing interview data, reading and re-reading data, noting 

down initial ideas. 

2. Generating initial 

codes 

Systematic coding of the data across the entire data-set, collating 

data relevant to each code. 

3. Searching for 

themes 

Collating codes into potential themes, gathering all data relevant to 

each potential theme. 

4. Reviewing 

themes 

Checking the themes work in relation to the coded extracts (Stage 1) 

and the entire data-set (Stage 2). 

5. Defining and 

naming themes 

Generating clear definitions and names for each theme. Ongoing 

analysis to refine the specifics of each theme. 

6. Producing the 

report 

The final opportunity for analysis. Selection of extracts, final analysis 

of extracts, relating back to the research question and literature. 

Producing a scholarly report. 

 

The process of data analysis involved six phases as detailed in Table 3.1. The first phase 

occurred during data collection and data preparation. During these processes familiarisation 

with the data occurred through the transcription of the interviews and repeated active reading 

of the transcripts searching for meaning and patterns. Notes on initial ideas for themes and 

codes were produced during this process, which informed the early stages of analysis (Braun 

and Clarke, 2006). In the second phase, initial codes were generated. A code is a tag, most 

often a word or short phrase that symbolically assigns a summative, salient, essence-capturing, 

and/or evocative attribute for a portion of language-based data and can range from a single 

word to a full sentence to an entire page of text (Saldaña, 2012). Coding is an interpretive 

rendering of the data and entails (1) compiling a list of codes (codebook) corresponding to 

themes observed in the text and (2) judging for each segment of text whether a specific code is 

present (Hruschka, 2004). Coding breaks down the data, line by line, segment by segment, 

incident by incident. Coding can be inductive or deductive. Deductive or a priori codes are 

identified from sources outside the data such as the research question, previous literature in 

the area of interest or questions and topics from the interview schedule. Inductive or 

grounded codes emerge from the data and are developed by the researcher by directly 

examining the data. In this thesis, both inductive and deductive coding was used, as previously 
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described in the literature (Fereday and Muir-Cochrane, 2006). Codes can be further labelled 

as in vivo (in the language of the participants) or in vitro (constructed by the researchers). 

Coding can be performed either manually or using computer assisted qualitative data analysis 

software (CAQDAS). In this thesis coding was carried out using CAQDAS with the programme 

NVivo 10 for Windows (QSR International Pty Ltd, Victoria, Australia). 

The initial codes in phase two were generated based on the objectives of the study and from 

familiarisation with the data. Initially the transcripts were read in their entirety in order to get 

a sense of the whole. On the second reading, line-by-line analysis was used to identify 

additional codes and sub-categories of code within the preliminary codes. The first version of 

the codebook was devised based on this basic content analysis. The codebook outlines each 

code and sub-code with explanations for each. This was done to enable other researchers to 

independently analyse the data. On the third reading, codes were assigned to the data and this 

was completed systematically throughout the entire data-set. The suitability of the coding 

system and the first version of the codebook was checked by a senior researcher (EG) familiar 

with the study population, who checked approximately 20% of the coded data. Due to the 

large amount of data, a subset of 20% was chosen based on the literature (Hruschka, 2004). 

Code suitability, potential themes and definitions were discussed and clarifications proposed.  

Phase three re-focused the analysis at the broader level of themes, rather than codes. A theme 

captures something important about the data in relation to the research question and 

represents some level of patterned response or meaning within the data set (Braun and 

Clarke, 2006). During phase three, the long list of codes generated in phase two were sorted 

into potential themes. The relationships between codes and themes and between different 

levels of themes (i.e. primary themes and sub themes) were considered at this stage. Sub-

themes are essentially themes within a theme that give structure to large or complex themes 

(Braun and Clarke, 2006). When all the codes were sorted into potential themes, all the 

relevant coded extracts were collated within the identified themes. The codebook was then 

revised and modified. Codes and sub-codes were expanded if the codes did not adequately 

cover the theme, or discarded if they were unwarranted. A second and final version of the 

codebook was then produced (Appendix X) and the data re-coded with this new codebook. 

Examples of the coding system are illustrated in Table 3.2.  
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Table 3.2 Examples of the coding system 

Raw Data Coded text unit Code Sub-theme Theme 

The physios were over there, they had me walking around 
obviously and up and down stairs and I was grand. My 
strength for that was grand. The first day I had the operation 
I could walk.. there was no problem. It was just later on.. 
getting the full fitness back.. no. I didn't know. I still don't 
feel I'm back to full fitness either yea.  

It was just later on.. getting the 
full fitness back.. no. I didn't 
know. I still don't feel I'm back 
to full fitness either yea.  

 

 

Decreased fitness Physical changes Living with and 
beyond 
oesophageal 
cancer 

But actually it’s good that I do it because if I didn’t do that 
I'd probably be doing nothing at all. So I dunno what I should 
be doing in terms of knowing particular guidelines but I 
know that in general I should.  

So I dunno what I should be 
doing in terms of knowing 
particular guidelines 

 

 

Guidelines-no 
knowledge 

Exercise 
knowledge & 
understanding 

Physical activity 
and exercise in 
oesophageal 
cancer 
survivorship 

I'm keeping it up, as I say I get the odd day maybe, weather 
permitting that you couldn't get out but eh.. I kind of...make 
it, kind of... try to get into a routine and make it a habit that 
no matter what way you’re feeling you get up and go out 
and do it.. I like to keep myself active so..  

I kind of... make it, kind of... try 
to get into a routine and make 
it a habit that no matter what 
way you’re feeling you get up 
and go out and do it. 

 

Exercise 
facilitator-habit 

Facilitators to 
exercise 

Physical activity 
and exercise 
during treatment 
for oesophageal 
cancer 
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After phase three a set of candidate themes and subthemes had been devised. Phase four 

involved a refinement of these themes. Refinement of themes occurred in two stages. Firstly, 

all the collated extracts for each theme were read to assess whether they formed a coherent 

pattern. Secondly, the validity of individual themes was considered in relation to the entire 

data set. Therefore the entire data set was re-read in order to (1) ascertain whether the 

themes were suitable and (2) re-code any additional or missed data within the finalised 

themes. Throughout this phase, adjustments were made to coded data extracts and themes 

when they did not ‘fit’. For example data extracts were moved from one theme to another, 

new themes were created, or themes were re-worked or discarded. In the fifth phase, the 

finalised themes and sub-themes were refined, defined and named. The final analysis or phase 

six occurred during the production of the results and the discussion of the findings.  

3.7.3 Inter-rater and intra-rater reliability 

An investigation of inter-rater and intra-rater reliability of the coding systems used in this 

thesis was completed. Inter-rater reliability assesses the degree to which codings of text by 

multiple coders are similar (Hruschka, 2004). Intra-rater reliability assesses the agreement in 

the coding of text by one coder at two different time points. To investigate the inter-rater 

reliability in both Study 2 and Study 4, a subset (20%) of the interview transcripts were coded 

by two independent coders: the main investigator (JG) and an independent coder (EG). The 

figure of 20% was chosen for the subset in accordance with coding practices in the literature 

(Hruschka, 2004). The independent coder (EG), was provided with an un-coded copy of 20% of 

the transcripts and asked to code it using the final codebook. All agreements and 

disagreements were counted to establish inter-rater reliability. Any disagreements between 

the initial coder (JG) and the independent coder were discussed and resolved. The same 20% 

portion of the data was coded by the original researcher (JG) with a time interval of one month 

between initial and subsequent coding. The results were compared to establish the intra-rater 

reliability. The formula presented in Table 3.3 was used to calculate the reliability of the coding 

and is expressed as a percentage agreement (Miles and Huberman, 1994). 

 

Table 3.3 Formula used to calculate reliability of the coding system 

 

 

  

Number of agreements x 100 

Total number of agreement + disagreements 
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Chapter 4 Study 1: Physical functioning after curative treatment 
for oesophageal cancer 

 

4.1 Introduction 

 

Due to the increasing incidence and survival rates associated with oesophageal cancer there is 

now a growing population of people living longer as survivors of this disease. The results of the 

systematic review in Chapter 1 demonstrated the significant negative impact curative 

treatment for oesophageal cancer can have on both subjectively and objectively measured 

physical functioning. The review also highlighted the paucity of objective measures of physical 

functioning in this cohort. While some recent studies included in the review have investigated 

the immediate effect of treatment on outcomes such as strength and fitness there is no data 

available on the long term physical functioning of survivors of oesophageal cancer in the 

months and years after curative treatment. Therefore it is unclear whether the reduction in 

physical functioning frequently observed during treatment is maintained into longer term 

survivorship in this cohort.  

Reduced strength, fitness and physical activity levels have been identified in long term 

survivors of breast, colorectal and lung cancer (Broderick et al., 2014b, Sanchez-Jimenez et al., 

2014, Jones et al., 2008b) and rehabilitation programmes are increasingly being put in place to 

address these deficits. The complexity of the management of oesophageal cancer puts 

survivors of this disease at potentially greater risk of suboptimal physical functioning into 

survivorship. Furthermore, as discussed in Chapter 1, oesophageal cancer is a disease which is 

particularly associated with weight loss and sarcopenia. Significant losses of muscle mass 

during treatment and recovery may have persistent effects on functional performance in this 

group. Poor physical functioning is associated with decreased overall HRQOL and an increased 

risk of disability and therefore this is an outcome which warrants investigation in this clinical 

population. Due to the large discrepancies often identified between subjective perception of 

health and objective measurement of health outcomes, objective measures of physical 

performance are required to inform rehabilitation strategies in the newly emerging cohort of 

oesophageal cancer survivors. 
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4.2 Study aims and objectives 

 

The primary aim of this study was to provide a cross sectional description of the physical 

functioning and HRQOL of survivors of oesophageal cancer in the survivorship phase. The 

secondary aim of this study was to compare the physical functioning and HRQOL of survivors 

of oesophageal cancer to age and gender matched control participants with no history of 

cancer.  

The specific objectives were:  

 To determine body composition, exercise capacity, physical activity levels, muscle 

strength and HRQOL of oesophageal cancer survivors at least 6 months post 

oesophagectomy. 

 To quantify the changes in body composition experienced by this cohort from 

diagnosis up to three years post oesophagectomy. 

 To compare the physical functioning and HRQOL of oesophageal cancer survivors with 

age and gender matched control participants with no history of cancer.  

 

4.3 Methods and measures  

4.3.1 Study design  

A cross sectional study design was used to describe the physical functioning and HRQOL of 

curatively treated survivors of oesophageal cancer. A retrospective medical record review was 

used to quantify changes in body composition experienced by this cohort throughout the 

cancer continuum. A case-control design was used to compare survivors of oesophageal cancer 

with a group of age and gender matched participants with no history of cancer.  

The inclusion criteria for the oesophageal cancer survivors were: (1) >18 years of age and (2) at 

least six months post oesophagectomy with curative intent.  Accordingly all participants were 

in the survivorship time period, as described in the PEACE framework (Courneya and 

Friedenreich, 2007). According to this framework, at six months post treatment, a person is 

considered to have completed short term recovery and is attempting to resume normal 

activities (Courneya and Friedenreich, 2001). Exclusion criteria included: (1) evidence of active 

or recurrent disease (2) a neurological or musculoskeletal condition limiting independent 

mobility or (3) contraindications to exercise testing as per the American College of Sports 
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Medicine guidelines (Pescatello, 2013). Exclusion criteria for the control group were the same 

as for the survivor group in addition to having no previous cancer diagnosis. 

 

4.3.2 Sampling and recruitment 

Cancer survivors eligible to participate were identified from an institutional database 

maintained prospectively at the National Oesophageal and Gastric Centre at St James’s 

Hospital (SJH), Dublin. A list of patients who had undergone oesophagectomy with a curative 

intent between January 2010 and December 2012 was obtained. Before contacting each 

participant it was ascertained that they were currently free of disease and eligible to 

participate. This was done through contact with the medical team, the oesophageal cancer 

database manager and/or medical chart review. Oesophageal cancer survivors who were 

deemed eligible were posted an information package inviting them to take part in the study. 

The package included a cover letter, a participant information leaflet (PIL) (Appendix XI) which 

detailed the aims and requirements of the study, an expression of interest form and a stamped 

addressed envelope. Participants indicated their interest in taking part by returning a letter or 

phoning the lead investigator. An appointment was then made for the participant to come in 

for the study assessment. Recruitment and testing for the cancer cohort took place between 

October 2012 and May 2014.  

An age (±5 years) and gender matched control participant was recruited for a subset of the 

survivors of oesophageal cancer who completed the study protocol. Control participants were 

recruited through advertising on the following; Trinity College Dublin and St. James’s Hospital 

web notice boards, posters displayed on college and hospital notice boards and through word 

of mouth. Participants indicated their interest in taking part by phoning or emailing the lead 

investigator. Recruitment and testing for the control participants took place between April 

2014 and April 2015. 

  

4.3.3 Sample size calculation  

A sample size calculation was carried out for the case-control analysis section of this study. 

Worldwide the incidence rates of oesophageal cancer are more than double in men than in 

women (male: female ratio 2.4: 1). This incidence is reflected in St. James’s Hospital where 

almost 68% of patients treated for oesophageal cancer are male. Due to the male 

predominance in this disease, the sample size for this study was powered by male specific 
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values for hand grip strength. The required sample size was calculated based on a minimal 

detectable change of 5.2kg in hand grip strength (Puthoff and Saskowski, 2013). With an alpha 

level of 0.05 and a standard deviation of 6.4kg (Werle et al., 2009), it was estimated that 25 

male participants in each group were required for this study to obtain 80% power.   

 

4.3.4 Ethical approval 

Ethical approval was granted by the SJH/AMNCH research ethics committee and all 

participants provided written, informed consent (Appendix XI & Appendix XII).  

 

4.3.5 Measurement and testing protocol 

Each participant attended the exercise laboratory in the Trinity Centre for Health Sciences at 

St. James’s Hospital for one appointment during which all the assessments outlined below 

were completed:  

 Hand grip strength was measured using a Jamar dynamometer according to the 

procedures outlined in Section 2.3.2.3.  

 Exercise capacity was measuring using the ISWT as outlined in Section 2.3.1.3.  

 Habitual physical activity levels over 5-7 days were measured using the RT3 triaxial 

accelerometer as outlined in Section 2.3.3.4. 

 HRQOL was measured using the EORTC QLQ-C30 questionnaire with the oesophageal 

site specific module OES18 as described in Section 2.5.2.  

 Standing height was measured according to the procedures outlined in Section 2.4.3.  

 Waist circumference was measured according to the procedures outlined in Section 

2.4.3.  

 Current body composition including body weight was measured using BIA according to 

the procedures outlined in Section 2.4.5.  

 

4.3.6 Retrospective body composition analysis  

In addition to measuring the current body composition of this cohort, a retrospective review of 

each participant’s medical records was conducted to establish the changes in body 

composition experienced by this group during and after treatment.   
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4.3.6.1 Body weight 

A medical chart review was conducted to quantify the changes in body weight experienced by 

this cohort from diagnosis to the present. Where available, each patient’s body weight was 

recorded for the following approximate time points:  

 Pre-neoadjuvant treatment (multimodal group only) 

 Pre-operatively 

 1 month post-operatively 

 3 months post-operatively 

 6 months post-operatively 

 1 year post-operatively 

 2 years post-operatively  

 3 years post-operatively   

BMI was also calculated for each of these time points. As this was a retrospective chart review, 

body weight for each participant was not available at all time points nor were body weight 

measurements for each participant taken at the exact time points listed. For body weight 

measured in the first year, measurements taken within four weeks of each time point were 

included. For body weight collected at one, two and three years, measurements taken within 

six months of each time point were included.   

 

4.3.6.2 Sarcopenia 

Where available, diagnostic abdominal CT scans were used to determine the presence of 

sarcopenia during treatment as per the procedure outlined in Section 2.4.7. For participants 

who had undergone multimodal treatment consisting of neoadjuvant therapy and surgery, the 

presence of sarcopenia was measured pre and post neoadjuvant therapy. For the participants 

who underwent surgery only, the presence of sarcopenia was measured pre-operatively.  

 

4.3.7 Data analysis 

Data analysis was performed using SPSS (version 20) (IBM, Armonk, New York, USA). Data 

normality was assessed using normality plots and the Shapiro-Wilk test (p>0.05).  Means and 

standard deviations (SD) are presented for each continuous variable with a normal 

distribution. Medians and interquartile ranges are presented for each continuous variable with 



98 
 

a skewed distribution. Differences between cases and controls were assessed using 

independent t-tests and Mann Whitney U tests.  To reduce the risk of type 1 error in the case-

control analysis, corrections were made for multiple comparisons using the Bonferroni 

correction and significance was set at p≤0.001 (two sided). 

 

4.4 Results 

4.4.1 Cross sectional study 

4.4.1.1 Participant characteristics 

Ninety-six survivors of oesophageal cancer were screened for eligibility (as per Section 4.3.1); 

of these 19 were deemed ineligible to contact. Reasons for exclusion included: the patient had 

since deceased, had a recurrence of disease, was currently undergoing treatment for another 

medical condition, had been lost to service follow up, was living abroad or was otherwise 

deemed unsuitable to contact. Seventy-seven patients were deemed eligible for the study and 

were invited to take part. Of these, 44 did not participate for the following reasons: 28 did not 

respond, four refused and 12 patients made contact to express interest or to receive further 

information about the study, however they did not attend for assessment and were lost to 

follow up. Reasons for this included other medical concerns, cancelled hospital appointments, 

no further interest in the study or non attendance for study appointment and no response to 

follow up phone calls. Four participants refused to participate in the study. The reasons for 

refusal were: one person felt physically unable to complete the study assessments, one did not 

want to speak about the surgery and felt that wearing the RT3 accelerometer and maintaining 

the exercise diary would be difficult and two people returned a letter stating they were not 

interested in participation but did not give a specific reason for this. The flow diagram of the 

recruitment of the cancer cohort is detailed in Figure 4.1.   
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Figure 4.1 Recruitment of cancer cohort for cross sectional study 

 

In total, 33 survivors of oesophageal cancer (five female) with a mean (SD) age of 64.67 (7.42) 

years completed the study protocol. All participants were Caucasian. The mean (SD) time since 

surgery was 23.61 (6.50) months. Participant demographics are detailed in Table 4.1. The 

predominant subtype of oesophageal cancer was adenocarcinoma (67%) and the most 

common surgery performed was en-bloc radical 2-stage oesophagectomy (64%). Eighteen 

participants (55%) underwent multimodal treatment consisting of neo-adjuvant or adjuvant 

chemotherapy and/or radiotherapy in addition to surgery. Fifteen participants (45%) were 

treated with surgery only.  Thirteen participants (39%) had a cardiac co-morbidity, the most 

common being hypertension, and four participants had a metabolic co-morbidity, the most 

common being diabetes. Sixty-one per cent of this cohort had experienced post-operative 

complications.  

 

 

Screened for eligibility  

n=96 

Invitation letter sent  

n=77 

Did not participate 

n=44 

Lost to follow up n=12 

Refused n=4 

No response n=28 

Participated   

n=33 

Ineligible to contact 

n=19 
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Table 4.1 Participant demographics and disease related information 

Demographics  
(n=33) 

  

Age (years)* 64.67 (7.42) 
   Range 51-78 
Gender n (%)  
   Male 28 (85) 
   Female 5 (15) 
Time since surgery (months) * 23.61 (6.50) 
   Range  11-40 
Hand dominance n (%)  
   Right  29 (88) 
   Left 4 (12) 
Employment status n (%)  
   Working  9 (27) 
   Not working/retired   24 (73) 
Co-morbidities n (%)  
   Cardiac 13 (39) 
   Respiratory 1 (3) 
   Metabolic 4 (12) 
   Previous Cancer  1(3) 
Cancer Type n (%)  
   Adenocarcinoma 22 (67) 
   Squamous Cell Carcinoma 9 (27) 
   High Grade Dysplasia  2 (6) 
Surgery Type n (%)  
   2-stage oesophagectomy 21 (64) 
   3-stage oesophagectomy 4 (12) 
   Transhiatal oesophagectomy  7 (21) 
   Oesophago-gastrectomy 1 (3) 
Treatment Type n (%)  
   Multimodal 18 (55) 
   Surgery only 15 (45) 
Post-operative Complications n (%)  
   Yes 20 (61) 
   No 13 (39) 
*mean (standard deviation) 

 

4.4.1.2 Data normality 

The following data were non normally distributed (p<0.05): average time spent in vigorous 

intensity activity per day, average time spent in bouts of moderate-vigorous activity per day, 

fat mass (kg) in men and the EORTC QLQ-C30 questionnaire scores. Accordingly these data are 

described as median (inter-quartile range).  
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4.4.1.3 Physical performance outcomes 

The results for hand grip strength and ISWT distance for men and women are detailed in Table 

4.2. The average distance achieved on the ISWT by men and women was 548 (147.98) metres 

and 452.00 (120.91) metres respectively, which both fall short of the distance which would be 

expected for healthy adults aged 60-69 to achieve (699 metres).  

 

Table 4.2 HGS and ISWT results in cancer cohort 

 Men 
(n=27) 

Women 
(n=5) 

Dominant hand grip strength (kg) 
 

39.08 (10.89)  25.54 (5.88)  

Non-dominant hand grip strength (kg) 

 
 36.84 (9.92)  25.18 (5.84) 

ISWT distance (metres) 548.95 (147.98)ᵃ 452.00 (120.91) 
Data are displayed as mean (standard deviation). ᵃn=19 Abbreviations: kg kilogram 

 

Results for objectively measured habitual physical activity levels are detailed in Table 4.3. 

Participants wore the RT3 accelerometer for an average (SD) of 6.68 (0.65) days (range 5-7 

days). This cohort spent 57.51% of their day sedentary, with an average of 30.38 (21.08) 

minutes per day engaged in moderate intensity activity. However when the data was analysed 

for time spent in bouts (≥10minutes) of activity, it revealed that this cohort spent a median of 

7.86 (26.28) minutes per day engaged in bouts of moderate-to-vigorous intensity activity and 

accordingly this group were not meeting the PA guidelines recommended for cancer survivors.  

 

Table 4.3 Objectively measured physical activity levels in cancer cohort 

 Cancer Cohort  
 n=31 

Sedentary behavior (min.day-1) 
 

477.41 (102.93) 

Sedentary behaviour (%) 
 

57.51 (11.23) 

Light activity (min.day-1) 
 

314.05 (81.19) 

Moderate activity (min.day-1) 
 

30.38 (21.08) 

Vigorous activity (min.day-1) † 
 

1.23 (4.00) 

Mod-to-vig activity 
(≥10 minute bouts) (min.day-1)† 

7.86 (26.28) 

Data are displayed as mean (standard deviation) unless indicated otherwise. 
† Variable not normally distributed, data presented as median (interquartile range).   
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4.4.1.4 Health related quality of life results  

HRQOL data as measured by the EORTC QLQ-C30 and the EORTC QLQ-OES18 questionnaires 

are shown in Table 4.4. The median global QOL score was 83.33 reflecting a good overall 

HRQOL in this group. The domains of role, cognitive and social functioning in particular scored 

very highly with a median score of 100. Within the symptom scales, the predominant symptom 

reported was fatigue with a median score of 22.22. The results of the EORTC QLQ-OES18 

demonstrate minimal reporting of any persistent oesophageal specific symptoms in this 

cohort. Mean (SD) scores are also reported for informative purposes and to enable 

comparisons with the literature.  

Table 4.4 HRQOL results in cancer cohort 

EORTC QLQ-C30 (n=33) Mean (SD) Median (IQR) 

Global health status/QOL 
 

77.78 (18.24) 83.33 (25.00) 

Functional Scales †   
Physical functioning 91.11 (9.08) 93.33 (13.00) 
Role functioning 92.93 (13.20) 100.00 (17.00) 
Emotional functioning 85.61 (15.06) 91.67 (25.00) 
Cognitive functioning 87.37 (17.69) 100.00 (17.00) 
Social functioning 
 

95.45 (10.43) 100.00 (0.00) 

Symptom Scales/items ‡   
Fatigue 22.56 (17.67) 22.22 (28.00) 
Nausea and vomiting 5.56 (10.75) 0.00 (8.00) 
Pain 6.57 (11.74) 0.00 (17.00) 
Dyspnoea 8.08 (16.73) 0.00 (0.00) 
Insomnia 10.10 (17.65) 0.00 (33.00) 
Appetite loss 9.09 (20.87) 0.00 (0.00) 
Constipation 4.04 (13.84) 0.00 (0.00) 
Diarrhoea 10.10 (15.55) 0.00 (33.00) 
Financial difficulties  3.03 (9.73)  0.00 (0.00) 
   

EORTC QLQ OES-18 (n=33) ‡   

Dysphagia 1.11 (10.96) 1.00 (0.00) 
Eating 17.17 (19.76) 8.33 (29.00) 
Reflux 13.64 (15.28) 16.67 (17.00) 
Pain 5.39 (10.44) 0.00 (11.00) 
Trouble swallowing saliva 5.05 (18.86) 0.00 (0.00) 
Choked when swallowing 9.09 (22.47) 0.00 (0.00) 
Dry Mouth 11.11 (23.07) 0.00 (17.00) 
Trouble with taste 4.04 (11.04) 0.00 (0.00) 
Trouble with coughing 12.12 (18.29) 0.00 (33.00) 
Trouble talking  2.02 (8.08) 0.00 (0.00) 
Abbreviations: SD standard deviation, IQR interquartile range.†Scores range from 0 to 100; Higher 
scores represent higher levels of functioning or QOL. ‡Scores range from 0 to 100; Higher scores 
represent higher levels of symptoms or problems.  
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4.4.1.5 Anthropometric and body composition analysis results  

 

Current body composition measurements 

The results for the current body composition measurements for this cohort are detailed in 

Table 4.5. This group had an average BMI of 24.72 kg/m2 for men and 23.82 kg/m2 for women, 

which both fall within the normal healthy range of 18.5-24.9 kg/m2. The average waist 

circumference for men was 89.87 (11.90)cm which is below the cut off point of 94cm (above 

94cm indicates an increased risk of metabolic complications in men). For women, the average 

waist circumference was 82.20 (11.19)cm, slightly higher than the cutoff point of 80cm (above 

80cm indicates an increased risk of metabolic complications in women).  

 

Table 4.5 Anthropometric and body composition measurements in cancer cohort 

 Men  
(n=28) 
 
 
 

Women 
 (n=5) 

Weight (kg) 75.16 (13.67)  63.09 (11.92) 

Height (cm) 174.30 (5.74) 162.70 (3.19) 

BMI (kg/m²) 24.72 (4.25) 23.82 (4.29) 

Body Fat (kg)† 15.25 (11.12)† 20.83 (7.05) 

Body Fat (%) 19.73 (7.04) 32.30 (5.66) 

Muscle Mass (kg)  56.54 (6.15) 40.09 (4.97) 

Fat Free Mass (kg)† 59.52 (6.45) 42.25 (5.24) 

Bone Mass (kg) 2.98 (0.30) 2.16 (0.23) 

Total Body Water (%) 55.40 (5.27) 47.68 (3.78) 

BMR 1707.36 (206.03) 1262.20 (164.42) 

Waist Circumference (cm) 89.87 (11.90) 82.20 (11.19) 
Data are displayed as mean (standard deviation) unless indicated otherwise.  
† Variable not normally distributed, data presented as median (interquartile range).   

 Abbreviations: kg kilogram, cm centimetre, m metre, BMR basal metabolic rate. 

 

Retrospective body composition analysis  

The changes in body weight and BMI experienced by this cohort from pre-treatment up to 

three years post-operatively are listed in Table 4.6. The male participants experienced a 

decrease in body weight and BMI from pre to post treatment and body weight had not 

returned to pre-treatment values by three years post-operatively.  
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Table 4.6 Changes in body weight and BMI throughout treatment and recovery in cancer cohort 

 Pre-neoadjuvant 
treatment  
 

Pre-op 
 
 

1 month 
 post-op 
 

3 months 
post-op  
 

6 months  
post-op 
 

1 year  
post-op  
 

2 years  
post-op 
 

3 years  
post-op 
 

Men (n=17) (n=26) (n=26) (n=26) (n=23) (n=22) (n=22) (n=10) 
         

Body Weight (kg) 81.48 (14.48) 
 

81.32 (14.00) 78.90 (13.46) 75.98 (12.51) 75.32 (12.26) 76.28 (14.20) 75.41 (15.41) 73.32 (13.50) 

BMI (kg/m²)  26.83 (5.14) 
 

26.76 (4.20) 25.95 (3.89) 25.00 (3.65) 24.96 (3.79) 24.95 (4.42) 24.66 (5.03) 24.11 (3.94) 

Women  (n=3) (n=5) (n=4) (n=5) (n=5) (n=3) (n=3) 

         

Body Weight (kg) 
 

 61.50 (10.75) 64.14 (16.82) 64.17 (15.99) 60.84 (14.98) 60.56 (11.55) 56.9 (9.09) 67.3 (12.52) 

BMI (kg/m²) 
 

 23.01 (4.35) 24.20 (6.12) 23.94 (5.96) 22.94 (5.34) 22.86 (3.99) 22.01 (3.61) 25.81 (3.91) 

Data are displayed as mean (standard deviation). Abbreviations: kg kilogram, m metre, pre-op pre-operatively, post-op post-operatively. 
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Sarcopenia  

For patients who were treated with surgery only, 12 pre-operative CT scans were available to 

review. In the multimodal group, pre and post neoadjuvant treatment scans were available for 

17 participants. Results for fat free mass and lumbar skeletal muscle index for both the surgery 

only and multimodal groups are detailed in Table 4.7 and Table 4.8. In the multimodal group, 

the number of patients classified as sarcopenic increased from four (23%) before commencing 

neoadjuvant therapy to eight (47%) following completion of neoadjuvant treatment, with a 

mean (SD) reduction of 2.41 (5.04) kg of estimated total body fat free mass. In the surgery only 

group, three (25%) patients were classified as sarcopenic pre surgery.  

 

Table 4.7 Sarcopenia measurements for surgery only group 

Surgery Only Group  Men 
(n=9) 

Women 
(n=3) 

Fat free mass (cm2) 183.26 (29.91) 120.77 (14.08) 
Estimated total body fat free mass (kg) 61.04 (8.97) 42.29 (4.22) 
Lumbar skeletal muscle index (cm2/m2) 61.11 (10.38) 45.49 (4.10) 
Number (%) classified as sarcopenic  3 (33) 0 (0) 
Data are displayed as mean (standard deviation). Abbreviations: cm centimetre, kg kilogram, m metre. 
 

 
 
Table 4.8 Sarcopenia measurements for multimodal group 

Multimodal Group 
 

Pre-neoadjuvant 
therapy 

Post-neoadjuvant 
therapy  

Men (n=16)   
Fat free mass (cm2) 177.98 (21.34) 169.96 (17.94) 
Estimated total body fat free mass (kg) 59.45 (6.40) 57.05 (5.38) 
Lumbar skeletal muscle index (cm2/m2) 
 

57.75 (6.85) 55.12 (5.51) 

Women (n=1)   
Fat free mass (cm2) 104.16 96.17 
Estimated total body fat free mass (kg) 37.31 34.91 
Lumbar skeletal muscle index (cm2/m2) 
 

40.18 37.10 

Total Multimodal Group (n=17)   
Number (%) classified as sarcopenic 4 (23) 8 (47) 
Data are displayed as mean (standard deviation). Abbreviations: cm centimetre, kg kilogram, m metre. 
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4.4.2 Case-control analysis 

4.4.2.1 Participant characteristics 

Twenty five male survivors of oesophageal cancer and twenty five age (±5 years) matched 

male control participants were included in the case-control analysis. The cancer cohort was 

selected from the participants included in the cross sectional study and were matched with 

non cancer control participants. Forty-seven potential control participants expressed an 

interest in participating in the study. Of these eleven did not take part for various reasons and 

following further eligibility screening a further 11 were not suitably matched and were not 

included in the study analysis. Demographic characteristics and disease related information for 

the cancer cohort and control participants are listed in Table 4.9.  

 

Table 4.9 Demographic characteristics and disease related information for cancer cohort and 
control participants 

 Cancer Cohort  
(n=25) 

Controls 
(n=25) 

Age (years)* 63.20 (6.28) 60.40 (5.88) 
   Range 54-75 52-72 
Time since surgery (months)* 21.64 (5.79)  
Hand dominance n (%)   
   Right  22 (88) 21 (84) 
   Left 3 (12) 4 (16) 
Employment status n (%)   
   Working 7 (28)  14 (56) 
   Not working/retired  18 (72) 11 (44)  
Cancer Type n (%)   
   Adenocarcinoma 20 (80)  
   Squamous Cell Carcinoma 4 (16)   
   High Grade Dysplasia 1 (4)  
Surgery Type n (%)   
   2-stage oesophagectomy 20 (80)  
   3-stage oesophagectomy 1 (4)  
   Transhiatal oesophagectomy  3 (12)  
   Oesophago-gastrectomy 1 (4%)  
Treatment Type n (%)   
   Multimodal 17 (68)   
   Surgery only 8 (32)   
*Values are mean (standard deviation)  

 

4.4.2.2 Data normality and homogeneity of variance 

The following data were non normally distributed (p<0.05): fat mass (kg), average time spent 

in vigorous intensity activity per day, average time spent in bouts of moderate-vigorous 
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activity per day and the EORTC-QLQ-C30 questionnaire scores.  Accordingly non parametric 

tests were used to assess differences between groups for these variables.  For all normally 

distributed variables there was homogeneity of variances, as assessed by Levene’s test for 

equality of variances (p>0.05).  

 

4.4.2.3 Physical performance outcomes 

Hand grip strength, ISWT distance and physical activity levels are detailed in Table 4.10. Mean 

HGS for both dominant and non dominant hands were the same for both groups (p=0.081 and 

p=0.053, respectively). The control group achieved an average (SD) of 773.48 (114) metres in 

the ISWT indicating significantly higher fitness levels than the cancer cohort who achieved an 

average (SD) of 558.33 (146) metres (p<0.001) (Figure 4.2). Participants wore the RT3 

accelerometer for an average (SD) of 6.76 (0.54) days (range 5-7 days). The mean number of 

objectively measured minutes per day spent sedentary and engaged in light intensity activity 

along with sedentary behaviour expressed as a percentage of overall wear time revealed that 

time spent engaged in sedentary behaviour was high and similar in both groups. The control 

participants spent significantly more time engaged in moderate (p<0.001) and vigorous 

intensity (p<0.001) activity than the cancer cohort (Figure 4.3 and Figure 4.4). The control 

participants also spent significantly more time in bouts (≥10 minutes) of moderate-vigorous 

activity than the cancer cohort (p=0.001) (Figure 4.5). Accordingly the control group were, on 

average, meeting the physical activity guidelines recommended for health benefits, whereas 

the cancer cohort were not.  



108 
 

Table 4.10 Physical performance outcomes in oesophageal cancer and control groups 

 Cancer Cohort  Controls  Mean Difference (95% C.I) P value  

Hand Grip Strength a     

Dominant hand grip strength (kg) 40.59 (10.96) 45.61 (8.61) -5.02 (-10.66, 0.63) .081 

Non-dominant hand grip strength (kg) 
 

37.70 (8.73) 42.34 (7.63) -4.63 (-9.34, 0.07) .053 

Fitness b     

ISWT distance (metres) 
 

558.33 (146.34) 773.48 (114.00) -215.14 (-297.32, -132.97) <.001* 

Physical Activity Levels c     

Sedentary behavior (min.day-1) 484.27 (105.77) 476.76 (79.03) 7.51 (-46.00, 61.02) .779 

Sedentary behavior  
(% of total wear time)  
 

58.56 (11.71) 54.25 (8.77) 4.31(-1.61, 10.24) .150 

Light activity (min.day-1) 300.51 (79.63) 320.65 (89.03) -20.14 (-68.75, 28.47) .409 

Moderate activity (min.day-1) 33.17 (21.89) 65.77 (30.45) -32.60 (-47.90, -17.30) <.001* 

Vigorous activity (min.day-1) ‡ 1.36 (5.01) 11.28 (21.82)  <.001† 

Mod-to-vig activity 
(≥10 minute bouts) (min.day-1)‡ 

10.5 (25.31) 41.16 (47.07)  .001† 

Data are displayed as mean (standard deviation) unless indicated otherwise. ‡ Variable not normally distributed, data presented as median (interquartile range). 
*Significant difference between cases and controls (independent t test). †Significant difference between cases and controls (Mann Whitney U-test). 

a
n=49, 

b
n=41, 

c
n=49 Abbreviations: kg kilogram, ISWT incremental shuttle walk test, min minutes, mod moderate, vig vigorous, C.I confidence interval.  
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Figure 4.2 Distance achieved in the ISWT for cancer cohort and controls (represented as 
median and interquartile range) 

 

 
Figure 4.3 Time per day spent in moderate intensity activity for cancer cohort and controls 
(represented as median and interquartile range) 
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Figure 4.4 Time per day spent in vigorous intensity activity for cancer cohort and controls 
(represented as median and interquartile range) 

 
Figure 4.5 Time per day spent in bouts of moderate-vigorous intensity activity for cancer 
cohort and controls (represented as median and interquartile range) 
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4.4.2.4 Health related quality of life results 

HRQOL data as measured by the EORTC-QLQ questionnaire are shown in Table 4.11. Global 

health status and QOL scored similarly in both groups (p=0.246), however physical (p<0.001) 

and role functioning (p=0.001) domains differed significantly between groups. There were also 

significant differences between the groups for the fatigue (p<0.001) and diarrhoea (p=0.001) 

symptom scales.  

 

Table 4.11 HRQOL results in oesophageal cancer and control groups 

 Cancer Cohort  
(n=25)  

Controls 
(n=25)  

P value  

Global health status/QOL 75.67 (18.15) 82.00 (11.20) .245 
Functional Scales †    
Physical functioning 90.67 (9.81) 99.73 (1.33) <.001* 
Role functioning 90.67 (14.50) 100.00 (0.00) .001* 
Emotional functioning 85.00 (16.49) 89.33 (14.34) .305 
Cognitive functioning 90.00 (15.96) 94.00 (14.34) .210 
Social functioning 96.00 (9.95) 100.00 (0.00) .039 
Symptom Scales/items ‡    
Fatigue 20.44 (17.18) 4.00 (9.56) <.001* 
Nausea and vomiting 4.67 (10.23) 0.00 (0.00) .020 
Pain 7.33 (12.80) 3.33 (8.33) .260 
Dyspnoea 9.33 (18.05) 1.33 (6.67) .042 
Insomnia 10.67 (18.56) 8.00 (17.43) .531 
Appetite loss 10.67 (23.01) 0.00 (0.00) .020 
Constipation 4.00 (14.66) 0.00 (0.00) .153 
Diarrhoea 12.00 (16.33) 0.00 (0.00) .001* 
Financial difficulties  4.00 (11.05) 0.00 (0.00) .077 

Data are displayed as mean (standard deviation). *Significant difference between cases and controls 
(Mann Whitney U-test); means are given for informative purposes. †Scores range from 0 to 100; Higher 
scores represent higher levels of functioning or QOL. ‡Scores range from 0 to 100; Higher scores 
represent higher levels of symptoms or problems. Abbreviations: QOL quality of life 

 

4.4.2.5 Anthropometric & body composition analysis 

Results for body composition analysis including body weight, BMI, waist circumference and 

muscle mass were similar in both groups (Table 4.12). 
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Table 4.12 Anthropometric and body composition analysis results in oesophageal cancer and 
control groups 

 
Cancer Cohort 
 (n=25) 

Controls 
(n=25) 

Mean Difference  
(95% C.I.) 

P value  

Weight (kg) 74.87 (13.55) 80.26 (9.86) -5.38 (-12.13, 1.36) .115 

Height (cm) 174.68 (5.60) 175.99 (5.89) -1.31 (-4.58, 1.96) .423 

BMI (kg/m²) 24.54 (4.33) 25.93 (3.01) -1.39 (-3.51, 0.73) .193 

Body Fat (kg) ‡ 15.15 (11.35) 17.85 (7.82)  .322 

Body Fat (%) 19.36 (7.19) 19.87 (5.15) -0.51 (-4.06, 3.05) .775 

Muscle Mass (kg)  56.57 (6.02) 60.73 (5.01) -4.16 (-7.31, -1.01) .011 

Fat Free Mass (kg)‡ 59.20 (10.38) 63.25 (6.72)  .035 

Waist Circumference (cm) 89.25 (11.92) 90.80 (7.75) -1.55 (-7.30, 4.20) .590 
Data are displayed as mean (standard deviation) unless indicated otherwise. ‡Variable not normally 
distributed, data presented as median (interquartile range). Abbreviations: kg kilogram, cm centimetre, 
m metre, C.I. confidence interval. 

 

4.5 Discussion 

 

While extensive subjective reporting of HRQOL attests to impaired physical functioning as a 

common consequence of treatment for oesophageal cancer, there is a lack of clinically 

meaningful published objective data to inform rehabilitation strategies in this complex cohort, 

particularly in the early years after completion of curative treatment. This study sought to 

assess the magnitude of the reported deficit in physical functioning through objective 

measurement and comparison with an age and sex matched control group and recorded a 

highly significant compromise in fitness and physical activity levels.   

The results of the cross sectional study revealed suboptimal physical functioning in survivors of 

oesophageal cancer, in particular in relation to fitness and physical activity levels which were 

less than normative values and recommended guidelines. The cancer cohort were comparable 

to the control group in terms of time spent sedentary and engaged in light intensity activity, 

however they spent significantly less time engaged in moderate and vigorous intensity activity. 

As discussed in Section 2.3.3, these higher activity intensities are the foundations of the 

physical activity guidelines recommended for health benefits in cancer survivors. It has been 

well documented that survivors across a broad range of cancer types are inactive after 

diagnosis and into survivorship (Lynch et al., 2010a, Lynch et al., 2011, Loprinzi et al., 2013), 

however they may be no more inactive than the age matched general population (Broderick et 
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al., 2014b, Neil et al., 2014). The significantly lower physical activity levels observed in the 

cancer cohort as compared to controls in this study highlights the greater impact of more 

complex cancers on physical functioning.  

This cancer cohort exhibited a relatively high overall HRQOL and minimal limitations in terms 

of cognitive and social functioning. When compared with controls however, the physical 

functioning domain was significantly lower for the cancer cohort. This result is consistent with 

previous literature which has demonstrated reduced physical functioning scores into longer 

term survivorship after oesophageal cancer (Scarpa et al., 2013, Hauser et al., 2014, Egberts et 

al., 2007). These findings also compliment the objective measurement of impaired physical 

functioning in this study. The mean difference between the cancer cohort and the controls was 

9.06 points for physical functioning and 9.33 points for role functioning, just approaching the a 

difference of 10 points which is deemed clinically relevant  (Osoba et al., 1998). Of note, 

overall health status and HRQOL were the same for both groups, suggesting that while these 

cancer survivors may be compromised in terms of their physical functioning this does not 

appear to affect their overall perception of their health and HRQOL. It has previously been 

shown that emotional functioning in oesophageal cancer survivors improves after curative 

treatment and into survivorship. This has been attributed to the fact that patients may feel 

depressed at diagnosis but over time become more confident and happier that they have been 

successfully treated (Lagergren et al., 2007). High global HRQOL scores may mask the 

underlying compromise in physical functioning in this cohort and lead to under-recognition by 

both healthcare professionals and survivors of oesophageal cancer of this issue.  

In this study, current body composition measurements were relatively healthy in the cancer 

group and comparable to controls. This differs from other cancer cohorts such as breast cancer 

survivors who often present as overweight or obese in the months and years after treatment 

(Vance et al., 2011). While obesity is a risk factor for developing oesophageal cancer, these 

healthy body weight and BMI measurements may be due to the weight loss experienced 

during and after treatment. This weight loss was demonstrated in this group by the 

retrospective investigation into changes in body weight across the cancer continuum. Previous 

research has shown that during the first six months after surgery, nearly two-thirds of 

survivors of oesophageal cancer lost at least 10% of their preoperative BMI and 20% lost at 

least 20% (Martin et al., 2007). Furthermore, weight loss can be protracted after 

oesophagectomy and can continue up to three years post-operatively (Martin and Lagergren, 

2009). This cohort exhibited a decrease in body weight and BMI at one, three and six months 

post-operatively with body weight continuing to be decreased up to three years post surgery.  
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In addition this group experienced loss of fat free mass during their treatment and over 30% of 

the total study cohort (n=11) were classified as sarcopenic prior to surgery. For the patients 

who underwent neo-adjuvant therapy the number of patients who were sarcopenic doubled 

from before to after this treatment. Sarcopenia is associated with reduced strength, physical 

performance and exercise capacity (Prado et al., 2008, Collins et al., 2014) and the evidence of 

sarcopenia during treatment in this group is a factor to consider in the context of the reduced 

physical functioning observed. While current strength measures were similar for both groups, 

the history of sarcopenia and weight loss suggests that survivors of oesophageal cancer may 

benefit from resistance training to build up muscle mass and strength. 

 

4.5.1 Limitations 

This study has a number of limitations which warrant discussion. The cross sectional nature of 

the study only allows an investigation into the differences between groups and therefore a 

cause-effect relationship cannot be determined between a cancer diagnosis and treatment 

and the reduced physical functioning observed. Due to the use of a field walking test, fitness 

levels were measured indirectly. This test however is clinically meaningful and is easily 

reproducible in a variety of settings and was deemed the most appropriate test for this study 

for the reasons outlined in Chapter 2.  

Due to the use of a field walking test, fitness levels were measured indirectly. This test 

however is clinically meaningful and is easily reproducible in a variety of settings and was 

deemed the most appropriate test for this study for the reasons outlined in Chapter 2. 

Primarily the ISWT was chosen for this study as it is incremental and externally paced. This 

reduces the influence of participant motivation which may be different between cases and 

controls. There was however some limitations observed with the use of the ISWT in this clinical 

population. Some of the older and more deconditioned participants reported that keeping in 

synchrony with the beeps and turning at the cone every 10 metres was difficult at times. 

Therefore, when considering the appropriate field test for a clinical, older and potentially 

deconditioned population, such as cancer patients, it may be more appropriate to use an 

alternative field walking test such as the 6MWT. With the 6MWT, participants can pace the 

test themselves, do not need to keep in synchrony with external pacing and only need to turn 

around the cone every 30 metres. Therefore this test may be more feasible, acceptable and 

comfortable for these populations. 
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A further limitation of this study was that the participants in the case and control groups were 

matched by age and gender only. Matching the case and control groups by additional criteria 

such as educational attainment, deprivation index or ethnic group may have increased the 

comparability of the groups. By matching by age and gender only, the participants in the case 

and control groups in this study may have come from different socio-economic or educational 

backgrounds and this may have had an influence on their fitness and physical activity levels. 

Socio-economic status and educational attainment can be important determinants of health 

behaviour because they can influence people’s attitudes, experiences, access to exercise 

facilities and exposure to several health risk factors. Those of a higher socio-economic status or 

educational attainment may be more likely to participate in research and be included in the 

control group. In contrast, lower socio-economic status is a risk factor for developing cancer, 

and therefore the cancer survivor group or cases may have included a higher percentage of 

those with a lower socio-economic status. Accordingly socio-economic status and educational 

attainment could potentially have been confounding factors in the results obtained in this 

study.  

Finally, there is an unavoidable self selection bias associated with the inclusion of voluntary 

control participants and accordingly this group may have had a higher interest and 

engagement in exercise and activity than other members of the general population.  

 

4.6 Conclusion  

 

This study provides a comprehensive overview of the physical functioning and rehabilitative 

needs of oesophageal cancer survivors, information which has not been available previously, 

and with a case-control comparison cohort, and provides data that suggest that a 

comprehensive multidisciplinary rehabilitation programme consisting of resistance training, 

aerobic exercise and an increase in habitual physical activity levels may be a promising 

intervention to improve physical performance and HRQOL in survivorship.  
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Chapter 5 Study 2: Patient perspectives on functional recovery and 
physical activity following oesophagectomy 

 

5.1 Introduction 

 

The results of Study 1 demonstrated suboptimal physical functioning in survivors of 

oesophageal cancer with significant compromise observed in fitness and physical activity 

levels. In addition, informal discussion with this cohort revealed a number of ongoing concerns 

and issues which were potential barriers to participation in physical activity and optimal 

functional recovery. Areas highlighted included concerns regarding weight loss associated with 

increased physical activity, a lack of knowledge regarding recommended physical activity levels 

and a reluctance to exercise at a moderate or high intensity. This preliminary qualitative 

fieldwork with this group highlighted the need for a more formal approach to investigate these 

concerns. Qualitative information in this cohort complements the quantitative data already 

gathered to provide a more in-depth and contextualised understanding of the patient 

experience and patient needs.  

This study aimed to further explore the potential reasons for the suboptimal physical 

functioning observed; whether it was prevalent throughout the lifetime of this group or 

whether it was as a result of the complex and demanding treatment which they received. This 

study also aimed to address participants’ perception of their own physical functioning and the 

importance they placed on it. Finally, as it has been suggested that rehabilitation may be a 

promising intervention to improve physical performance and HRQOL in this group, this study 

was an opportunity to examine patient preferences for interventional programmes of this 

nature.  

 

5.2 Study aims and objectives 

 

The overall aim of this study was to describe the experiences of treatment and recovery for 

survivors of oesophageal cancer, in particular in relation to the impact of treatment on 

exercise and physical activity levels into survivorship. The specific objectives of the study were:  

 To describe the effect of a cancer diagnosis and its treatment on participants’ general 



117 
 

health and physical activity levels.   

 To explore participants’ knowledge of physical activity guidelines and perceptions 

about their own level of physical activity. 

 To identify potential barriers and facilitators to recommended physical activity levels 

and exercise.  

 To obtain participants’ views on the development of rehabilitation programmes for 

patients with oesophageal cancer.  

 

5.3 Methods and measures 

5.3.1 Study design 

As discussed in Chapter 3 (Section 3.2 & Section 3.3), a qualitative descriptive study design was 

used in this study and individual semi structured interviews with open ended questions were 

carried out. 

 

5.3.2 Sampling and recruitment 

As described in Section 3.4, combination purposive sampling consisting of criterion and 

maximum variation sampling was used in this study. Eligible participants were disease free 

survivors of curative treatment including surgery for oesophageal cancer. Maximum variation 

sampling was used with regards to years post surgery (one - five years), age (50’s, 60’s and 

70’s), treatment type (multimodal and surgery only) and surgery type (transthoracic and 

transhiatal). As the aim of this study was to get a broad overview of the experience of 

oesophageal cancer recovery and survivorship, participants were only included if they were at 

least one year post completion of treatment. Recovery after oesophageal cancer surgery can 

be prolonged and therefore completing interviews closer to treatment may have resulted in 

the focus being on more acute and specific problems and concerns.  

The sampling criteria were set out, as described above, and all participants who completed 

Study 1 were considered for inclusion. Therefore all participants who took part in Study 2 also 

participated in Study 1. This enabled some triangulation of the data gathered from both 

studies. Eligibility was confirmed for each participant prior to invitation to participate by 

ensuring that they were currently disease free. This was done through contact with the 

medical team, the oesophageal cancer database manager and/or medical chart review. Eligible 
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participants were contacted by telephone to inform them that the study was being undertaken 

and to ascertain whether they would be willing to receive more detailed information by post 

about what participation involved. If agreeable, participants were sent a letter and participant 

information leaflet detailing the aims and requirements of the study (Appendix XIII). 

Participants were contacted again by telephone one week later to establish their interest in 

participation. When the potential participants agreed to take part, they were given the option 

of completing the interview in person or over the phone and asked to nominate the day and 

time that best suited them. Participants were contacted in groups of three to four and invited 

to take part.  

 

5.3.3 Interview schedule  

The development of the interview schedule involved (1) reviewing the initial fieldwork with 

participants in Study 1, (2) examining the literature on qualitative descriptive research in 

general and in an oesophageal cancer population and (3) referring to the study objectives 

listed in section 5.2. As discussed in section 3.3, questions were designed to be simple, open-

ended and flexible. Additional questions designed to probe for more depth were included in 

the schedule, to be used if deemed necessary. The interview schedule is contained in Appendix 

XIV.  

 

5.3.4 Ethical approval 

Ethical approval was granted by the SJH/AMNCH research ethics committee and all 

participants provided written, informed consent (Appendix XIII & Appendix XII).  

 

5.3.5 Data analysis 

Data analysis of the interview transcripts was carried out as described in Section 3.7. 

5.4 Results 

5.4.1 Participant selection and identification of saturation 

Twenty five potential participants were selected from the oesophageal cancer database and 

assessed for eligibility. Of these, three were unsuitable to contact due to cancer recurrence 
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(n=2) or hospitalisation with another medical condition (n=1). Twenty two potential 

participants were contacted and invited to take part in the study and of these, 16 completed 

an interview. Six patients did not participate; three were not interested and three were unable 

due to other medical conditions at time of invitation to the study. The flow diagram of the 

study recruitment is detailed below (Figure 5.1).  Recruitment took place between March 2014 

and March 2015.  As described in Section 3.5, recruitment was ongoing until data saturation 

was reached. It was clear from the analysis of the 14th - 16th interviews that no new 

information, perspectives or themes were emerging from the data and therefore recruitment 

was stopped at 16 participants.  

 

 

 

Figure 5.1 Recruitment of study participants 

 

5.4.2 Participant characteristics 

Sixteen participants (14 men) with an average age of 63 years completed an individual semi-

structured interview with the lead investigator (JG). Participant characteristics and interview 

details are presented in Table 5.1. Four face-to-face interviews took place and 12 interviews 

were carried out over the phone. Two participants completed a face-to-face interview with 

Screened for 
eligibility  

n=25 

Invited to participate  

n=22 

Did not participate 

n=6 

Not interested  

 n=3 

Unable 

 n=3 

Participated 

n=16 

In person 

n=4 

Over the phone  

n=12 

Ineligible to contact 

n=3 
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their spouse. All other interviews were completed independently. The average time since 

surgery was 36 months with a range of 13-54 months. Nine participants had completed 

multimodal treatment, while seven were treated with surgery only. Forty-four per cent of 

participants experienced post-operative complications according to records maintained in the 

SJH institutional database. The average interview duration was 18 minutes with a range from 

12 - 26 minutes. Over 50,000 words of original content was transcribed.  
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Table 5.1 Participant characteristics and interview details 

Participant 
ID 

Gender Age Treatment Type Surgery Type Post-
operative 
complications 

Time since 
surgery 
(months) 

Interview 
Type 

People present Interview 
Duration 
(minutes) 

QP01 Male 62 Multimodal Transthoracic No 18  Face-to-face Participant only 12 

QP02 Male 72 Multimodal Transthoracic No 13 Face-to-face Participant & wife  16 

QP03 Male 59 Multimodal Transthoracic No 36 Face-to-face Participant only 12 

QP04 Female 67 Surgery only Transthoracic No 38 Telephone Participant only 19 

QP05 Male 55 Surgery only Transthoracic Yes 33 Telephone Participant only 17 

QP06 Male 62 Surgery only Transthoracic Yes 51 Telephone Participant only 24 

QP07 Male 64 Surgery only Transhiatal Yes 20 Telephone Participant only 17 

QP08 Male 56 Surgery only Transhiatal No 46 Telephone Participant only 13 

QP09 Male 69 Multimodal Transthoracic No 37 Face-to-face Participant & wife 15 

QP10 Male 62 Multimodal Transthoracic No 37 Telephone Participant only 13 

QP11 Male 66 Multimodal Transthoracic No 32 Telephone Participant only 15 

QP12 Male 63 Multimodal Transthoracic Yes 43 Telephone Participant only 18 

QP13 Female 70 Multimodal Transthoracic Yes 47 Telephone Participant only 26 

QP14 Male 59 Multimodal Transthoracic No  33 Telephone Participant only 24 

QP15 Male 71 Surgery only Transhiatal Yes 38 Telephone Participant only 22 

QP16 Male 57 Surgery only Transthoracic Yes 54 Telephone Participant only 26 
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5.4.3 Inter-rater and intra-rater reliability 

Section 3.7.3 outlines the method used to examine the reliability of the coding and the formula 

used to calculate the inter-rater and intra-rater reliability. The results are presented in Table 

5.2 and Table 5.3. Most discrepancies were errors of omission, where one or the other coder 

overlooked text that could be coded. All disagreements that were not an error of omission 

were resolved through discussion.  

 

 

 

 

 

 

 

Table 5.2 Inter-rater reliability of the coding system (Miles & Huberman, 1994) 

 

 

 

 

 

 

 

Table 5.3 Intra-rater reliability of the coding system (Miles & Huberman, 1994) 

 

It is common to expect that inter-rater reliability be ≥70%, while intra-reliability would be 

expected to be ≥80% (Miles and Huberman, 1994). The results obtained demonstrate the 

reliability, both inter-rater and intra-rater, of the coding system.  

 

 

 
Number of agreements x 100 

Total number of agreement + disagreements 
 

= 204 x 100 
   204 + 78 

 
= 72% 

 
Number of agreements x 100 

Total number of agreement + disagreements 
 

=  246 x 100 
     246 + 266 

 
= 94% 
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5.4.4 Themes and sub-themes  

Three primary themes and a number of sub themes were identified from the analysis of the 

interview transcripts. These themes and sub-themes are presented in Table 5.4  

 

Table 5.4 Themes and sub-themes generated through interview analysis 

 
Themes 

 
1. Living with and beyond 

oesophageal cancer 
 

 
2. Physical activity and 

exercise in 
oesophageal cancer 
survivorship 

 
3. The role of 

rehabilitation in 
oesophageal cancer 
survivorship 

 
Sub-
themes 

 

 Recovery 
 

 Physical changes  
 

 Lifestyle changes 
 

 Emotional journey 

 

 Current activity levels 
 

 Barriers to exercise 
 

 Facilitators to exercise 
 

 Exercise knowledge & 
understanding 

 

 Interest in 
rehabilitation  
 

 Benefits of 
rehabilitation 

 

 Structure of 
rehabilitation  
 

 
 

 

5.4.4.1 Theme 1: Living with and beyond oesophageal cancer 

The first theme identified in the data was ‘living with and beyond oesophageal cancer’. This 

theme describes the impact oesophageal cancer had on participants’ lives. Within this theme, 

four subthemes emerged which dealt particularly with overall recovery, physical changes, 

lifestyle changes and the emotional journey associated with a diagnosis of and treatment for 

oesophageal cancer.  

Recovery 

This cohort of disease free survivors, ranging from one to five years post surgery, discussed the 

concept of feeling ‘back to normal’ after treatment for oesophageal cancer with varied 

responses. Some participants did describe feeling back to normal at the time of interview. 

Others felt that they had not returned to normal, while some described the feeling of a ‘new 

normal’.  
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 “Oh yea I’m very much back to normal yea.” [QP14] 

“It’s a different normal” [QP13] 

“Well I certainly wouldn’t be back to normal now. But pretty good.” 

[QP11] 

“Far from back to normal.” [QP02] 

 

Participants described a prolonged recovery period with frequent reports of it taking at least 

one to three years to feel back to normal.  

 

“I’d say three years after my surgery I started to feel that like. It was a 

long aul haul you know.” [QP06] 

“It takes a good bit of time to get back to normal, or near enough 

anyway, there’s a lot of time that is involved you know... I’d say you’re 

talking the guts of two years.” [QP10] 

“Well I would put it down to two years now.” [QP13] 

“I’d say I was about a year and a half or that before I kind of more or less 

got going like what I am.” [QP16] 

 

The first few weeks and months after discharge from hospital were described as particularly 

difficult with participants feeling unwell, fatigued, drained, having difficulty with eating and 

being generally unable to participate in many activities of daily living.  

 

“For a long time I sat in the corner here in the chair and I wasn't able to 

eat or do activities.” [QP13] 

 

For some, this prolonged recovery was unexpected and they had not realised how sick they 

would be. Factors that participants felt had helped in their recovery were discussed and 

included an early diagnosis, not receiving chemotherapy or radiotherapy and having no 

complications post discharge. Others spoke of the importance of spousal support in their 

recovery, while some felt recovery would be harder on a younger or an older person. A 
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number of participants spoke about the role of the inpatient physiotherapy in terms of 

expediting their physical recovery and helping them to mobilise in the initial postoperative 

days.  

 

“The good physios that were there in the hospital... but you know they 

have to force you out, if they don't you just take the easy way out and 

don't get the exercise and I think that's the same for any operation in any 

hospital visit that, you know, they are not leaving you sitting in the bed, 

which is good.” [QP15] 

 

Physical changes 

A primary focus of this research was on the physical sequelae of oesophageal cancer 

treatment. Participants described changes in their physical functioning that they were aware 

of since their diagnosis and treatment. This included noticeable decreases in stamina, strength 

and fitness levels. Some participants felt they had not regained the strength and fitness levels 

which they would have had pre-diagnosis.   

 

“I still don't feel I'm back to full fitness either.” [QP03] 

“Well my fitness isn’t very..  I'm not feeling very strong if you know what I 

mean. I don’t have the same strength at all.” [QP07] 

“There's a lap here around I used to always walk it before I had my 

surgery or anything was wrong with me, it's a 6 mile walk, I used to do it 

most days...But I wouldn't do it now.. I'd go down to the end of the road 

for a handy walk there, probably about 2 miles.” [QP10] 

“It is just a feeling that I am limited in stamina terms.” [QP01] 

“I certainly get tired where I wouldn't before.” [QP13] 

“Yes definitely slowed down.. like before I could go do something all day 

but now if I got about 2 or 3 hours out of something I'd be doing well I'd 

feel.” [QP16]  

“Ah I wouldn't have the same strength in the arm or anything like that.” 

[QP16] 
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“I'd say I probably lost about 30% of my strength.” [QP02] 

“Stairs are really hard going so I feel sorry for people who live in 2 storey 

houses and have to go upstairs.” [QP13]  

 

In addition to these more general losses in physical functioning, a number of participants 

referred to specific physical changes or treatment side effects which they had either 

experienced over the course of treatment or were still lingering into survivorship. These 

included side effects commonly associated with cancer treatments such as pain at surgical 

incision sites, musculoskeletal or sensory issues and radiation pneumonitis. Side effects 

perhaps more specifically associated with oesophageal cancer were also described and 

included voice changes, reflux and feeling particularly drained after eating or bowel 

movements. Table 5.5 contains quotes which illustrate these specific side effects.  

 

Table 5.5 Specific physical changes or treatment side effects 

 
 

Pain 

 

“Maybe say in the garden... If you done a lot of say heavy shovelling or something 
like that your side would get sore, there where I had the surgery.” [QP10] 

Musculoskeletal 
or sensory 
problems 

“My right shoulder socket for about three months after, the pain was unbelievable. 
It’s because, I believe you're in surgery for four to six to eight hours, and your right 
arm is up in the air in that position” [QP14] 

“After the chemotherapy I had a numbness in my left leg for at least three or four 
months.” [QP14] 

Voice Changes “I find since the operation that when...I over-exert it's not that I'd be tired but my 
voice goes...and the hearing would be weird.. Or when I get cold, going to a night 
game now, a football game at night... and the voice goes.” [QP03] 

“I go hoarse as you hear... that happens me, I could be talking and then I just go 
hoarse... but the voice comes back so I don't know if it's related or not.” [QP13] 

Reflux “I used to do yoga...and I done that for two years but I discovered I was getting my 
old problem with acid back anytime I lay down on the floor. I had to be upright 
most of the time... I couldn’t lie down flat ‘cos I used to get this acid coming back 
so I had to stop the yoga.” [QP06] 

“At night time when you'd be lying, I can't sleep on my left side because the food 
will repeat on ya.” [QP10] 
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“But I wake up naturally with the...indigestion and the stomach and that.. And I 
find now I'm able to bend over a bit longer now.. At first when I’d bend over, I 
couldn’t bend over.. say doing a bit of weeding or something out in the garden, 
pulling up the weeds, if I done two or three, but at least now I could bend over for 
a little bit longer anyway and I'm not as bad..If I stay down it would start coming 
up on me, if you know what I mean.. Before it used to come up on me as soon as 
you bend over at all.. but I still sleep in the bed with a couple of pillows, I still keep 
on under my shoulder blades and keep up that way anyway.” [QP16] 

Other “One thing that has happened to me since the surgery and the treatment... my 
nose runs an awful lot, I'm forever blowing my nose! (laughs) and if I go out for a 
walk I have to bring a packet of tissues with me.”  [QP14] 

“I was coughing for a couple of months after the surgery as well but [the surgeon] 
told me that's just  irritation from the radiation therapy.” [QP14] 

“For perhaps a half an hour after a heavy meal or sometimes for 20 minutes or half 
an hour after moving bowels I can feel quite drained and tired and I just need to 
rest for those periods.” [QP01] 

 

 

As would be expected in an oesophageal cancer population, a number of participants reported 

experiencing noticeable changes in their body composition during their treatment and 

recovery. The loss of a significant amount of weight e.g. 12-15 kilos, at some point during the 

cancer continuum was frequently reported. However at the time of interview, the majority 

reported that their weight had stabilised, often at a lower weight than pre-diagnosis.  

 

“Well I certainly have dropped about 15 kilos from what was my max.” 

[QP01] 

“I would have lost maybe two stone or the best part of it since the 

operation and I haven’t put any weight on.” [QP07] 

“Well I'm grand now. I'm staying around the 12 stone mark, a little 

beyond it, it's grand.” [QP10] 

“I think I'm roughly the same weight now for the last two years or so.” 

[QP14] 

 

Weight loss was associated with both positive and negative connotations. It was described as 

being a source of worry over the course of treatment and particularly in the early recovery 
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phase and for some remained a concern at the time of interview. On the other hand, some 

saw their weight loss as a positive and were happier with their current weight than what it had 

been pre-diagnosis. As a result, participants reported now being at a healthier and more 

appropriate weight for their height, being able to exercise more easily and having less back 

pain and joint pain.  

 

“The eating now is improving but I'm not putting on the fecking weight.” 

[QP02] 

“Before I had the surgery and all that I probably was a couple of stone 

heavier and I feel a lot better that I lost that.” [QP10] 

“I think I went from about 13 stone to about nine and a half. I'm back 

now to about 11 stone or something. Which I think is plenty for my height 

you know.”  [QP11] 

“It's gone back up... to my right weight because I think I was too heavy 

originally anyway.”  [QP11] 

“I'm four stone less than I... my stomach isn't as big as it was... which is 

no harm... So in terms of exercise you know... there are pluses and 

minuses... one of the pluses is that because I lost four stone my knee 

doesn't hurt as much as it used to now when I go walk because I'm 

carrying less weight.” [QP15] 

“And the back used to give me an awful lot of problems before but thanks 

be to God, touch wood, the back hasn't come to get me now for a while... 

I had an operation and all done on the back before but I suppose with all 

the weight and all on, there's a heavy strain on it that way... So if I have 

the weight off it seems to be better on the back that way.” [QP16] 

 

Lifestyle changes 

In addition to specific physical changes, participants also described changes to their lifestyle 

which had occurred since completing their cancer treatment. While participants reported that 

they had no particular restrictions or limitations with regards to completing any activities, a 

slightly more ‘restrictive’ lifestyle was described which involved a general slowing down and 

more planning and pacing of activities. 
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“The lifestyle would be slightly more restrictive.” [QP05] 

“I'll think about travel in terms of minimising... any excessive hardship... I 

don’t feel that I'm unduly constrained, it’s just that I’ll plan it a bit more 

so that there isn’t anything really hugely physical involved in transferring 

from one thing to another.” [QP01] 

“No no I try everything and I do as best I can. But it takes me longer to do 

the same things if you know what I'm saying.” [QP07] 

“I can really do most things at a slower pace.” [QP13] 

“Yes definitely slowed down.” [QP16] 

 

Participants described needing to take a rest or a nap every afternoon due to continued 

feelings of fatigue.  

 

 “I try and take a rest every afternoon and I find if I don’t then I'm very 

tired by 8 o’clock at night.” [QP04] 

“I come home and just for example today now, I was absolutely 

shattered, my body just feels like.. I don’t know how to describe it...it’s 

like a heavy feeling of fatigue and it’s just...you don’t feel unwell or 

anything but you feel certainly the need to lie down for say an hour and a 

half, it’s like a battery or something and that’s ongoing and there’s no let 

up on that side of it.” [QP05] 

“Now I take a rest every afternoon for an hour and I'm still doing that. I'd 

rest from 2 to 3 most days.” [QP06] 

“I just have, I reckon I get about an hour of fatigue during the middle of 

the day, a tiredness...Each day varies, some days I don't have to, and 

sometimes I do lie down, I wouldn't actually go asleep but I'd just put my 

head now for half an hour it's a great help and I can get back up then.” 

[QP14] 

 

Significant occupational changes which had occurred since cancer treatment included needing 

an apprentice, changing from full time to part time or retiring.  
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“Since I've had the op, I've had a lad with me, an apprentice like, a young 

lad... and he has the strength where I'm afraid to over exert the upper 

body just in case... and they know that in there so they have him with me 

for that reason.” [QP03] 

“In relation to work and I spoke to [the surgeon] about this...he was 

happy enough for me to continue in the part time... and for me that's 

plenty because I'm finding..my job involves standing, I'm not sitting at 

all... standing all day so...I would find I finish work at 3 in the afternoon, I 

come home and just for example today now, I was absolutely shattered.” 

[QP05] 

“I just do a few days [working] now, I don't think I'd like the whole week 

of it now you know...like 6 days of the week now I wouldn't like it back 

but 2 or 3 days I find grand.” [QP11] 

“I could have went back to work as well but it's just... this touch of 

fatigueness.. my chief medical officer... he was borderline over it and he 

said maybe it's best that you don't.”  [QP14] 

 

The major changes to the gastrointestinal system which occur with oesophagectomy lead to 

changes in eating and dietary habits for survivors of oesophageal cancer. While this was not 

the focus of this study, food and eating changes were mentioned frequently and were 

described as a significant lifestyle change for participants. Many participants described 

struggling with a poor appetite and having problems as a result of overeating, particularly in 

the early stages of recovery. At the time of interview however, most described their eating 

habits as stable or almost returned to normal as a result of finding alternative eating habits 

which were more suitable e.g. eating smaller amounts more frequently and avoiding certain 

foods. Of note and particularly relevant to the focus of this study was the description of 

needing to rest after eating or not being able to exercise for an hour or more after eating.  

 

“It's only he'd eat less and more often... that'd be the biggest difference. 

It wouldn’t be a problem now, it’s just different.” [QP09Wife] 
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“The only thing is the eating like, eating small amounts... smaller 

amounts... and organising to do it, have the eating done let’s say an hour 

or an hour and a half before I go cycling or do anything like that. That’s 

really the only change.” [QP08] 

“I still have the odd bit of tiredness... well the only time that I have 

tiredness now is when I eat... say after eating my dinner, say maybe 

about 10 minutes after eating I'd feel like lying down and resting.” [QP10] 

 

Emotional journey 

While the interviews were focused on the physical rather than the emotional recovery after 

oesophageal cancer treatment, participants did discuss their emotional journey. Some 

described feelings of anxiety and depression, particularly in the initial time period after 

completing treatment. 

 

“I'd say I did suffer a bit from depression... Because there were a lot of 

bad days now. Even though the operation went great. But there were 

terrible days.  The 6 months immediately after the operation, terrible... 

The cold and everything. And trying to eat. And trying to manage.”  

[QP02] 

 

However the prevailing outlook at time of interview was a positive one. Participants felt lucky, 

were very happy with their progress and reported doing very well. Some said they had almost 

forgotten they had had cancer at all.  

 

“I really feel I've done awfully well... I really feel very fortunate.” [QP04] 

“Yea well as I say I seem to have been lucky.. since then now things have 

gone very well anyway, health wise anyway.” [QP12] 
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“Ah sure when I had the diagnosis sure I kinda went downhill thinking 

about it even and eh as it is now sure jeez I'm in great form... Yea I’m 

feeling good I have to say, you know I’ve never been as happy now to be 

honest with ya, especially when you get all the news that I had. Because I 

was a bit down for a long time and I was struggling to get better. I 

persevered anyway.” [QP06] 

“Oh I’m grand now, not a bother at all now.. it’s grand.” [QP09] 

“Sometimes I do think back and say did that really happen you know.” 

[QP14] 

“Well the time does pass and you tend to forget about it.” [QP15] 

 

5.4.4.2 Theme 2: Physical activity and exercise in oesophageal cancer survivorship 

The second theme to emerge from the data was ‘physical activity and exercise in oesophageal 

cancer survivorship’. The major subthemes were: participants’ current levels of activity, any 

barriers or facilitators to increased exercise and optimal activity levels and participants’ 

knowledge and understanding about exercise and activity. 

 

Current activity levels 

 At the time of interview most participants described themselves as an ‘active person’ and the 

majority reported having no particular limitations or restrictions in terms of exercise and 

activity. Some described their current exercise habits e.g. walking for two or three miles or for 

30 – 40 minutes on some or all days of the week. Walking was the most common type of 

exercise reported. Some reported that their activity levels were the same as pre-diagnosis, 

while others reported that they had changed. Mostly this change was a reduction in activity 

levels but one participant did report an increase compared to pre-diagnosis. For those who did 

report an activity limitation, it was mainly in relation to not feeling able to exercise at a high 

intensity e.g. they would ‘walk but not run’ or a there was a reduction in the amount they 

could lift as a result of reduced strength.  

 

“I'm very conscious since I've stopped working that I don't sit around all 

day you know. I'm up and I'm doing stuff.” [QP14] 
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“I can do most of the things I want to do.” [QP01] 

“Generally I would argue that I can do as much now as I did before it.” 

[QP15] 

“Exercise and walking and that... is still the same you know.” [QP12] 

“And I did a lot of walking and played a bit of golf. Not to the same 

standards.” [QP02]  

“I can’t run but I definitely can walk.” [QP06] 

“I might go for a walk alright but... it wouldn’t be a fast walk or anything 

it would just be a steady walk... an easy walk.” [QP07] 

“I won't jog it, I just walk fast.” [QP15] 

 

 

Barriers to exercise 

While some participants reported having no barriers to exercise and optimal activity levels 

others did describe some barriers which they were currently experiencing. While some of the 

barriers reported were specifically related to having had cancer, others were not and could be 

considered common barriers to exercise in any population. Barriers which related to having a 

history of cancer included participants having a fear or reluctance to ‘push themselves’ or to 

exercise at a moderate or high intensity. This fear generally resulted from a lack of knowledge 

about the safety of exercise after cancer treatment and what activities would or would not be 

recommended. Other cancer specific barriers were reduced food intake and concern regarding 

weight loss. Participants perceived the reduced food intake as a lack of ‘fuel’ and thus a reason 

for their reduced energy and activity levels.  Similarly, some participants described a 

reluctance to exercise in case it created a negative energy balance and resulted in further 

weight loss which they did not want. Physical side effects such as irregular bowel movements 

restricted one participant’s ability to exercise freely, away from a toilet. Finally, the reduced 

fitness and stamina levels reported into survivorship were highlighted as a barrier to exercise. 

More general barriers to exercise included: ageing, a lack of interest, ‘laziness’ and the 

weather. Quotes to illustrate each of these barriers are detailed in Table 5.6.  
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Table 5.6 General and disease specific barriers to exercise 

  

Fear or reluctance 
to ‘push 
themselves’ 

“Are you supposed to [exercise] or not you know what I mean? I don't because I would be half afraid.” [QP03] 

“You know sometimes I want to push myself and do a bit more but then I’ll say no.” [QP05] 

“I mean I was half afraid for a good while after I came back, well my wife was worse than me... you know ‘don't lift that, don't bring in 
the turf from the garage’... you know what you can and cannot do... until somebody explained to me.. I think it was [the surgeon] you 
know, if you feel you can do it, do it.”  [QP15] 

Reduced food 
intake 

“I don’t have the same strength at all but I put that down to that I'm not taking in enough of fuel as they say, you know ‘cos I'm not 
eating near as much as I used to.” [QP07]  

“When you're only eating half, it's kinda like a car on half fuel you won't go as far as you used to! (laughs) that the way that I look at it.” 
[QP16] 

Weight loss  “I thought I was doing a little too much maybe, starting off. And I restricted myself, I sort of cut down on my activity. I had to cut down 
because I was losing weight. The little bit of weight that I was trying to get on sure I was walking too far you know.” [QP06] 

JG: “Do you think that increased activity and exercise would benefit you?” “Well I don’t know if it would or not like you know because I'm 

not carrying any weight or anything... you know I'm only just, I'm less weight than I was like.. I'd be lighter now and I wouldn’t want to 

lose any more I don’t think.” [QP07] 

Physical side effects “When I was walking a bit you were afraid to go anywhere, walking up and down the road, I knew I had neighbours that would let me in 
to go to the toilet but you wouldn't want to be calling to anyone.. you know what I mean, you had them kind of discomforts when you 
were going anywhere.” [QP16] 
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Reduced stamina “Secondly, the belief that actually my stamina levels wouldn’t allow me to do as much as I would have done previously.” [QP01]   

“If I do too much one day then the next day I’m just plonked. I really just take the day off.” [QP04} 

“I don’t have the energy I don’t think for doing much exercise.. I don’t have the energy I find is the biggest thing. After you do a bit of 
work during the day you’re tired in the evening.” [QP07]  

Ageing “Yes you do get out of the exercise and just as you get a bit older.” [QP04] 

“I'm as strong as I'm going to be at my age now, you know I mean I'm not working so I don’t have to.. when I was working it was all 
lifting, everything was heavy lifting where I was.. but now that’s all done so it’s only natural that I probably slow down that little bit and 
but a bit of weight on, it doesn’t do me any harm you know.” [QP06]  

“I don't think I'd ever be...well I'm not young I'm 66 now.. I'd never be in the nick I was in but I'm as good as I can get myself I'd say.” 
[QP11] 

“Well you see it's hard to segregate out what's arising from the operation or from ageing because I'm heading for 73 now...But I often 
have aches and pains and I say now is that just a result of ageing.” [QP15]  

Lack of interest “I just...I find it very hard just to walk for no reason.” [QP04] 

‘Laziness’ “Well I think the two things that would hold me back are one, laziness which I think I have to a degree.” [QP01]  

Weather “The weather is huge though...the rain this winter was just appalling, you couldn't get outside the door. And if you went out you came 
home with a cold.”  [QP02Wife] 

“Because the weather is so volatile...sometimes you can't go out for a walk.” [QP15]  

“You know if the weather is good I would do a fair bit of walking especially in the summer time you know. I would definitely...in the winter 
time maybe not.” [QP12] 
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Facilitators to exercise 

Facilitators to returning to exercise and activity after oesophageal cancer treatment were 

described. Participants spoke about the importance of having a positive attitude and a 

determination to get back to exercise. A feeling of restlessness was described where 

participants would have been frustrated if they had not returned to normal activity and 

exercise. Wanting to ‘get out of the armchair’, ‘get moving’, and ‘get back to normal’ were all 

mentioned as important motivations to exercise. Having been active throughout their lives was 

also important as participants wanted to return to their pre diagnosis exercise levels. Goal 

setting such as walking longer distances or returning to a specific hobby such as boxing or 

handball were also mentioned as exercise incentives. The importance of building activity up 

slowly was discussed as participants felt that this was the best way to safely and feasibly return 

to habitual exercise levels. The establishment of normal eating habits was also considered a 

very important facilitator to returning to exercise. Participants felt that once they were eating 

better, they felt better in general and increased energy and activity levels resulted. When 

eating was a problem, exercise was not a priority. Quotes to illustrate facilitators to the return 

to exercise are detailed in Table 5.7.  

 

 

Table 5.7 Facilitators to the return to exercise and physical activity after treatment for 
oesophageal cancer 

  

Attitude 

 

“[the surgeon] asked me well why do you think you got better quicker and I said 
well good treatment, positive attitude and getting up and doing things.” [QP01] 

“But then he'd be determined to do it, he'd have a great attitude to keep out 
and about.” [QP09Wife] 

‘Get 

moving’/get 

back to 

normal 

“I was lazy as well when I went home for the first few weeks until I sorta shook 
myself up and said right you can't be sitting in the arm chair for the rest of your 
life.” [QP12] 

“Actually just getting out, not lying down or not sitting down was a positive 
thing for me to do in terms of recovery... Although I don’t do a huge amount I 
think I'd probably be quite restless and maybe even depressed if I wasn't going 
and doing things.” [QP01] 

“I would get very frustrated if I can’t get out and about. The winter now I find.. I 
even thought of maybe joining a gym in the winter.. If you get wet days you 
really do get... I mean I’m ready for the loony bin!” [QP04] 
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Active 
throughout 
life 

“I've always been one for exercise anyway before I was diagnosed.” [QP05]  

 “I’m happy to be doing that because when I wasn’t able to [exercise], I missed 
it terribly. I missed the time in the gym and I was very conscious of getting back 
to that and getting back into my routine.” [QP05] 

“You see I always walked you know and it was hard to.. I was mad to get back 
doing it.”  [QP10} 

Goal setting “For myself I can tell ya, my aim was to get down and walk down in the forest, 
about 7 miles from home here.” [QP06] 

“I'd like now if I could maybe do another bit you know, extend the bit that I'm 
doing sometimes... maybe later on now when the summer comes this year I 
might go and get  on another half mile or something like that you know.” 
[QP10] 

Build up 
slowly 

“Well its 3 years since he had his operation now and he has built up now over 
the couple of years.” [QP09Wife] 

“I'd go out and I'd walk 50 yards or 100 yards and gradually, day by day, made 
it a little bit longer..now it was slow walking but I operate on the principle as 
often as I feel like.” [QP15]  

Eating 
properly 

“Once I started eating properly.. I was getting out for the walks then and all 
that kind of thing”. [QP11] 

“So generally it's the food and that I think is one of the main things...once that's 
working everything else kind of follows on then after that...you feel better in 
general so you feel like doing more.” [QP16] 

 

Other facilitators to exercise in general reported were: making exercise a habit, the use of 

exercise equipment, good weather, walking the dogs, parking far away and having somewhere 

to go.  Quotes to illustrate general facilitators to exercise and activity are detailed in Table 5.8. 
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Table 5.8 General facilitators to exercise and physical activity 

  

Habit “It was my first day back [to work] and my first day back I went to the gym the 

first day and I've been pretty much consistency, 4 days you know, every week.” 

[QP05]  

“Habit is the biggest thing. I remember when I was in Dublin and coming home in 

the evening I would always have the stuff in the boot and as I came to the 

corner...you know where the gym was ‘will I, won't I.. will I, won't I' and I'd make 

excuses to pass it by but yet when you go in and do it you always feel better of it.”  

[QP15] 

Exercise 
equipment 

“I just got myself one of those treadmills as well...because the weather is so 

volatile.. sometimes you can't go out for a walk.” [QP15]  

“I have one of the air walkers here in the house.. and occasionally I'd get up on 

that and give about 10 minutes on.. you know the yoke you step on and your two 

arms are on it.. I'd use that an odd time.” [QP16]  

Weather “You know if the weather is good I would do a fair bit of walking especially in the 

summer time you know.” [QP12]  

“Now that the spring weather is starting to come in you can get out and do a bit 

of gardening as well.” [QP14]  

Other “I don’t exercise as a matter of course.. walking the dogs I sorta do as much for 

the dogs as for myself. More so for the dogs than myself! (laughs) But actually it’s 

good that I do it because if I didn’t do that I'd probably be doing nothing at all.” 

[QP01] 

”It’s so much easier to just take the car. But I try and park away so that I do have 

to walk to wherever I’m going.” [QP04] 

“Well we're lucky around here the [park] is just around the corner and the 

shopping outlet is just up the other way so there's always somewhere worth going 

to, you can get a cup of tea or coffee when you get there and go again.” [QP13] 

 

Exercise knowledge and understanding 

Participants’ knowledge and understanding with regards to exercise and activity were 

explored. They were asked if they remembered any specific advice given to them by 

healthcare professionals regarding exercise and activity throughout their treatment and 
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recovery. A number of participants, now a few years post completion of treatment, stated that 

they could not remember the advice they were given, while others vaguely recalled some 

advice such as being told to walk or to exercise or to return to normal.   

 

“I don't recall any specific advice. I think there probably were some words 

of advice but to be honest I don’t recall them.” [QP01]  

“I suppose I was told to walk and you know try and live as normal a life as 

possible.” [QP13]  

“Well no I don’t remember any advice.. I can’t say that they told me.. I'm 

sure they did tell me but I just can’t remember.” [QP07]   

“Yea maybe I got a leaflet or something about it now.” [QP08]  

“Just to try and get back to normal living as soon as possible.” [QP04] 

“Well they recommended a good bit of walking.” [QP02]  

“Going home, it was to continue to exercise but not excessively.” [QP01] 

“I think the physiotherapists on the ward.. I think they just recommended 

slowly but surely.” [QP14] 

 

Overall participants emphasised having enough information regarding their diagnosis and 

treatment throughout the cancer continuum. Some participants however, stated that they 

were not given any specific advice about exercise and activity and felt that more information 

of this nature would have been beneficial.  

 

“You don't know if you’re supposed to sorta do exercise. You get no 

follow on sort of chart from anyone... Like they don't say walk for an hour 

every day.. or get back to full running..or whatever.... no nothing.. You’re 

left to yourself and you’re saying should I or shouldn't I.. and you’re half 

wary... Still to this day don't know whether I should or not.” [QP03] 
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“Probably yea a little bit more [advice] in that end of it.. a bit more on the 

activity and exercise but from the context of the support, what you’re 

going to go through.. that was hugely positive and very inclusive, you 

were kept up to speed with everything but certainly on the other side of it 

yes.” [QP05]  

“Well, like I said, I done my own thing and maybe it I had of gotten a little 

bit of help from a physio more than anybody I could have maybe been a 

bit better at doing other things you know whatever they were, but I didn’t 

get any help or I wasn’t told about anything really, I didn’t know.” [QP06]  

“No I wasn't really given any advice about exercise... If I hadn't had the 

infection I suppose the physiotherapist would have kept watching me and 

she would have probably have kept me doing exercise.. I could go walking 

down the corridor and that kind of thing.. and maybe have told me to.. 

when I was going home to do it, but she lost track of me. So I had no 

real.. I didn't have an exercise programme coming home with me or 

anything like that.” [QP12]  

“I mean we got plenty of it from the dieticians and stuff right but very 

little in terms of what exercise you should be...taking.” [QP15] 

 

Thirteen of the sixteen participants had never heard of physical activity guidelines and did not 

know what they were.  Some participants had a vague awareness of activity guidelines and 

referred to their understanding of them during the interview, as illustrated in the quotes 

below.  

 

“While I would be busy and doing things and maybe gardening and 

whatever but actually I do not walk 20 minutes, seven times a week now. 

I definitely don’t.” [QP04]  

“They say if you do it three times a week, about 40 minutes, a good fast 

walk that's as good as you need.. anything beyond it might be too much 

you know and that's what I'm keeping at.” [QP15] 

“Some people say like walk a mile or two a day but very few people are 

doing it.” [QP16]  
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Mostly, participants recognised that exercise is beneficial; some benefits described included 

feeling better after exercise and improved fitness and strength levels.  

 

“I found that the more I did the better I felt, interestingly... I would know 

that in general yes exercise is good and that I should do it.” [QP01] 

“I definitely would feel now I need to be more walking.  I think I would be 

best if I was doing more kind of exercise.” [QP04]  

“I certainly feel a whole lot better than I did say 12 months ago. I would 

say I’m better... but that [exercise] has helped...It’s completely beneficial, 

you can feel the benefit.” [QP05] 

“I suppose I should do a bit of [exercise] really... to keep my muscles.. a 

bit of weight lifting or something like that I should be doing because I'd 

know I haven’t the strength or.. I'm losing that you know.. muscle.. 

what’s the right way to put it I don’t know.. you know what I'm trying to 

say” [QP07] 

JG: “Do you think then that exercise and activity would be beneficial?” Oh 

yea you'd have to.. I even noticed after my surgery now, you know the.. 

your breathing would be a bit bad because they collapse your lung...I 

noticed I used to do short walks.. and it got you going.. you know I 

wouldn't be breathing as heavy now walking.” [QP10] 

 

Some participants however, queried the benefits of exercise, in particular in relation to weight 

loss. Exercise was viewed primarily as a means to lose weight or maintain a healthy weight; 

when this was not necessary, the need for exercise was queried. Other reasons included not 

seeing any particular benefits to exercise in general or not ever having a great interest in 

exercise.   

 

JG: Do you think that increased activity and exercise would benefit you?” 

“Well I don’t know if it would or not like you know because I'm not 

carrying any weight or anything.. you know I'm only just, I'm less weight 

than I was like.. I'd be lighter now and I wouldn’t want to lose any more I 

don’t think.” [QP07] 
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“I don't see a lot of benefit in [exercise] now. Health wise.” [QP02] 

JG: “If you were to do any more [exercise] would it be beneficial to you?” 

Em.. I don't know. I was never a great exercise person.  I garden, I 

cleaned, I walk, I played golf. But em doing exercises.. em you know.. I 

was never an exercise person or Pilates or any of that you know. So that 

was never me.”  [QP13] 

 

5.4.4.3 Theme 3: The role of rehabilitation in oesophageal cancer survivorship  

The final theme which emerged from the data in this study was ‘the role of rehabilitation in 

oesophageal cancer survivorship’. The major subthemes were: interest in rehabilitation, the 

potential benefits of rehabilitation and the structure of rehabilitation.  

Interest in rehabilitation 

The vast majority of participants stated that they would have had an interest in rehabilitation 

and felt that it would be of benefit in an oesophageal cancer population.   

 

“Rehab is badly needed. There's no doubt in the world about it.” [QP02] 

“It would have been fantastic.” [QP02Wife] 

“Well I didn’t know of anything like that then.. but it would have 

benefitted me... Some kind of a programme would have been a big help.” 

[QP06]  

 

Benefits of rehabilitation 

While some participants recognised the potential physical benefits of rehabilitation, the 

benefit of increased information was more frequently reported. Participants felt that increased 

education with regards to their physical recovery would be hugely valuable, particularly in 

relation to what side effects to expect, the type and quantity of exercise recommended during 

recovery and guidance with regards to activities that should be avoided.   

“Coming out now I'd say.. some sort of guidance would help definitely... 

‘Cos you’re left to your own devices and you’re half afraid what to do and 

not to do.” [QP03] 
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“And even to say well look you can do this but look for goodness sake 

don’t do that.” [QP04] 

 

In addition to information provided by healthcare professionals, a recurrent suggestion related 

to the benefits of peer support. Speaking from their own experience of peer support, a 

number of participants strongly felt that interaction with and support from other survivors of 

oesophageal cancer would be hugely valuable.  

 

“We have a cancer support group here in [hometown] and I go and do 

various therapies and once a month we had a men’s discussion group and 

there was a women’s discussion group and I found that quite beneficial.” 

[QP05] 

“There were a couple of friends of mine now had the same type of 

operation and I got to know them and they came along after me and had 

the same... and I went to them and I had a bit of a chat with them and I 

reckon I helped them you know.” [QP10] 

“What I found very useful was, on my visits to the hospital afterwards, 

waiting outside [the surgeons] office, on the corridor there, you might 

meet another patient that has had oesophageal cancer surgery and the 

amount of information that you can get from each other, it’s unbelievable 

you know. You know 'did you suffer from this' or 'did you get that?' and 

they more than likely would have done.” [QP14]  

“I remember when I was in the HDU, [the cancer nurse] brought in a man 

who was going to have the surgery in a day or two, just to show him 

what the HDU looked like and he came over and he was talking to me for 

a minute and I felt like saying to him 'lookit everything is going to be ok' 

because I remember I was in his position and you're worried sick.” [QP14]  

 

Structure of rehabilitation  

Most participants felt that a rehabilitation programme would be most beneficial after all 

treatment had been completed. Furthermore as the initial weeks and months post discharge 

were described as being particularly difficult, the suggestion was that six months to one year 
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post completion of treatment may be the most feasible and appropriate time for survivors of 

oesophageal cancer to participate in a rehabilitation programme.  

 

“I dunno whether I would have shook myself to do it in the first couple of 

weeks or not. Because well I know the first couple of days I was home by 

the time I got up out of bed and got myself dressed and washed and had 

a bit of breakfast I was only fit to sorta fall into the armchair.” [QP12] 

“Exercise wouldn't have been a priority [in the first couple of months post 

surgery] or anything like it, it was just generally move around and see 

how you could keep the body and move around the house as much as you 

could.” [QP16] 

“You're expecting yourself to be better after a year and next thing things 

stop going according to plan... so that's when the rehab would be huge. 

I'd say he'd be more physically able for it as well.” [QP02Wife]  

 

In contrast, one participant felt that a rehabilitation programme would have been beneficial 

during treatment.  

 

“Well maybe during the treatment... something maybe to keep you 

going.” [QP10] 

 

More participants expressed an interest in a home based exercise programme as opposed to a 

hospital based class. However, a common reason for this preference was location; the majority 

of participants did not live in Dublin and therefore would find it difficult to travel to Dublin for 

a rehabilitation programme. Some of these participants did feel that if a class was available in 

their own town, they would be happy to attend it.   

 

“If I got information on it and I could do it here in [home town].” [QP04]  

 

 



145 
 

“From my distance up to Dublin that wouldn’t work like you know. It 

would be alright if you were living closer to the hospital or somewhere 

like that but if you’re far away like.. for anyone that has that... But to do 

a programme at home I’d say would be the best.” [QP07] 

“Well if there was something close by I'd probably have gone to it.. But 

Dublin would have been just too far for me.” [QP08]  

 

One participant felt that the hospital environment would provide more support for 

the exercise programme, particularly in the first few months and suggested that a 

home based programme may then follow the hospital programme for the exercise 

to be maintained. 

 

“Well I suppose initially it would probably have been nice to come up and 

do something in the hospital environment perhaps.. initially and then it’s 

something that you could continue yourself.. But I’d certainly say initially 

yea in the hospital environment...where you would have the support of 

the health professionals there with you.” [QP05] 

 

With the exception of suggesting that increased education and peer support would be 

beneficial, participants did not have any strong views on what a rehabilitation programme 

should consist of.   

 

JG: “What do you think would be beneficial for a rehab programme to 

consist of?” “I haven't a clue really. Not a clue.” [QP02] 

 

However, a number of participants raised the point that recovery would be different for 

everybody and this would need to be an important consideration when planning rehabilitation 

programmes.  

 

“I fully understand everybody’s recovery or treatment or whatever is 

different.” [QP05]  
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“Well it would also depend on..because if you told somebody my story 

and they were much worse, they might feel terrible after a while that 

they weren't in the same boat.” [QP15]  

“A handout from somebody like you that knows the programmes to do 

out for Mary Smith and Mary Jones... and say ok that programme will do 

her and that will do her and that'll do her... because we won't all be the 

same.” [QP13] 

 

5.5 Discussion  

 

The extensive research into HRQOL in an oesophageal cancer population has highlighted the 

potential negative impact of treatment, particularly oesophagectomy, on most aspects of QOL. 

However there may be many important aspects of QOL that are not sufficiently covered by 

questionnaires and therefore patient narratives are growing in importance as additional 

descriptors of this complex group (Malmstrom et al., 2013). In recent years there have been 

some qualitative studies in an oesophageal cancer population with a focus primarily on the 

emotional and psychological impact of oesophageal cancer, changes in eating habits and the 

experience of supportive care. The aim of this study was to explore the experience of 

treatment and recovery in those with oesophageal cancer with a focus on physical functioning. 

The results of this study demonstrated that suboptimal physical functioning was prevalent in 

disease free survivors of oesophageal cancer and that this group experienced significant 

physical and lifestyle changes since diagnosis and treatment. This complements the objective 

data gathered on this cohort in Study 1 which also revealed low fitness and physical activity 

levels in this group.  

The first objective of this study was to describe the effect of a cancer diagnosis and its 

treatment on participants’ general health and physical functioning. Overall participants 

reported that treatment for oesophageal cancer had a substantial impact on their health and 

functioning. A prolonged recovery period after treatment was described with reports of taking 

up to three years to feel back to ‘normal’. Participants described numerous physical changes as 

compared to pre-diagnosis including decreased stamina, fitness, strength and activity levels. 

Specific physical side effects of treatment experienced at various stages throughout the cancer 

continuum were also described and included respiratory, musculoskeletal and sensory 
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problems in addition to reflux, voice changes and pain. Some participants reported that their 

lifestyle was more restricted; daily activities required more planning and pacing and there was 

a general feeling of slowing down. Other lifestyle differences included occupational changes 

and altered eating habits. Despite this, participants reported that they were feeling positive, 

fortunate and were very happy with their progress overall since completing treatment.  

The second objective of this study was to explore participants’ knowledge of exercise 

recommendations and perceptions about their own level of physical activity. None of the 

participants in this study knew the correct physical activity guidelines recommended for health 

benefits; over 80% had never heard of physical activity guidelines and while a few were aware 

of the existence of activity guidelines, none knew exactly what they are. The majority of 

participants were aware of the benefits of exercise and recognised that exercise is important 

to increase fitness and general health. However, a small minority of participants were unsure 

about the benefits of exercise and queried whether it was necessary. These findings highlight 

the importance of increased education and awareness regarding physical activity and exercise 

in this cohort. The extensive contact healthcare professionals have with patients as they 

undergo treatment for cancer could be a prime opportunity for increased exercise counselling.  

The third objective of this study was to identify potential barriers and facilitators to 

recommended physical activity levels and exercise. It is important to identify barriers and 

facilitators to exercise in any clinical population where exercise interventions may be 

warranted. While there are barriers and facilitators to exercise which are common to all 

populations such as the weather, interest and enjoyment, participation in sports and hobbies, 

walking the dogs etc., there are others which may be as a direct result of a clinical condition. 

These condition specific barriers and facilitators are particularly important to investigate as 

they may be unique to a certain disease and may need to be specifically targeted with an 

exercise intervention. In this study, a number of disease specific barriers to exercise were 

identified. These included a fear or reluctance by participants to ‘push themselves’ or exercise 

at a moderate or high intensity after cancer treatment, reduced fitness and stamina post 

treatment, reduced food intake, weight  loss and other physical side effects of treatment. The 

majority of these barriers could be addressed with a multidisciplinary rehabilitation 

programme. For example a rehabilitation programme could include: education and 

information regarding exercise guidelines and benefits, input from dieticians regarding the 

optimal energy intake to facilitate increased activity and exercise and a supportive 

environment to facilitate a gradual and safe return to exercise.  

Another noteworthy barrier to exercise that was mentioned by a number of participants was 
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ageing. Some participants reported that it was difficult to segregate physical changes that 

arose from ageing with those which arose from cancer treatment. This is an important 

consideration which raises the question of whether people who have been through cancer 

treatment are more aware of or focused on the ageing process and are therefore more willing 

to accept functional decline than other older adults with no comorbidities. This is also 

something which could be addressed with education and supervised or supported exercise 

programmes.  

The discussion regarding facilitators to exercise in this population highlight the importance of 

personality with regards to exercise and activity levels. The majority of facilitators to the return 

to exercise after cancer treatment related to participants attitudes, interest in exercise and 

lifetime exercise habits. More general facilitators to exercise such as good weather, the use of 

exercise equipment and walking dogs reflected facilitators to exercise common to any 

population. Some participants did mention the importance of a gradual return to exercise and 

found that slowly building up activity levels was useful. This is important information which 

could be emphasised to patients at the time of discharge.  

The final objective of this study was to obtain participants’ views on the development of 

rehabilitation programmes for patients with oesophageal cancer. Information from the target 

population is extremely useful when developing programmes of this nature; taking into 

account patient needs and preferences should optimise the feasibility and acceptability of such 

programmes and potentially improve adherence rates. Overall rehabilitation was viewed very 

positively by this cohort; participants expressed a high level of interest in a programme and 

stated that they thought it would be beneficial for survivors of oesophageal cancer. Based on 

the results of this study, it would appear that the optimal timing of rehabilitation would be a 

number of months after the completion of treatment, to allow patients time to recover from 

the acute side effects of surgery. Participants described the initial few months after discharge 

as particularly difficult and a number of them felt that a rehabilitation programme would not 

be feasible at that time. In addition participants reported the need for stabilisation of eating 

habits prior to a rehabilitation programme. A number of participants stated that until eating 

normalised they would not have been able for an exercise programme. Preferences for the 

structure of a rehabilitation programme i.e. hospital based class versus home exercise 

programme were personal. Therefore if rehabilitation programmes were to become part of 

the standard of care it may be advisable to offer both home and hospital options. Participants 

in this study described reduced stamina, strength and physical activity levels when compared 

to pre diagnosis. These findings reflect the objective measurement of physical functioning in 
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Study 1 where survivors of oesophageal cancer demonstrated suboptimal fitness and physical 

activity levels. Therefore it would be advisable for rehabilitation programmes in this cohort to 

target these important components of physical functioning.  

5.5.1 Limitations 

Some methodological limitations should be considered when interpreting the results of this 

study. Firstly, the majority of interviews were carried out over the telephone. A limitation of 

this interview method is the absence of visual cues. This may result in loss of non-verbal data, 

loss of contextual data or loss or distortion of verbal data. However, a review by Novick (2008) 

revealed that despite the common perception that face-to-face interviews are superior to 

telephone interviews, there is very little formal evidence regarding the merits and shortcoming 

of one as compared to the other. Therefore this review concluded that until further well-

designed studies have been carried out to compare interview modalities, there was no reason 

to favour a particular mode for qualitative interviews (Novick, 2008). Furthermore the 

advantages of telephone interviews are that they provide increased access to participants in a 

wide geographical region, they allow participants to remain in familiar comfortable 

surroundings and it has been reported that participants are relaxed on the telephone and 

willing to talk freely (Novick, 2008).  

A further limitation of this study relates to the recruitment of participants. Survivors of 

oesophageal cancer who had taken part in Study 1 were invited to take part in Study 2 by the 

lead investigator (JG) (Section 5.3.2).  When being informed of the study, potential participants 

were advised that participation was completely voluntary and there was no obligation to take 

part. If the participant was interested, he/she was provided with written information detailing 

the aims and requirements of the study. Participants were then given seven days to decide 

whether or not they would like to take part upon receipt of the study information. However, 

despite these efforts, it must be noted that survivors of oesophageal cancer who were invited 

to take part in the study by the lead investigator may have felt an obligation to take part. One 

potential reason for this may have been familiarity with the lead investigator (JG). Therefore, 

in future studies of a similar nature, it may be useful, where feasible, to employ an 

independent third party or ’gatekeeper’ to inform potential participants about the study and 

give them the option of taking part. As the gatekeeper would be fully independent of the 

study, this may reduce any feelings of obligation on the part of the potential study participants 

to participate.  

There was some selection bias associated with this study. Firstly, there is an unavoidable self 
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selection bias associated with studies where participants are required to volunteer to 

participate. Those who agreed to participate may have had a higher interest in exercise and 

activity and consequently the implementation of exercise interventions. These participants 

may also have been relatively well in their recovery and as a result felt able to participate in 

research. Those experiencing a poorer recovery may have been less likely to agree to 

participate. A further bias may have resulted from the fact that these participants had also 

participated in Study 1. Accordingly they might have previously received information regarding 

physical activity, exercise and expected functional recovery from the researcher (JG). However, 

the primary focus of this interview was on the participants’ own opinions and experiences. 

Furthermore as the potential participants for this study were geographically disparate, 

telephone interviews were necessary to maximise recruitment. It has been suggested that 

establishing contact or rapport, in person, prior to conducting telephone interviews is 

important (Novick, 2008). Therefore having previously taken part in Study 1 was also 

beneficial. As participants had previously met the study investigator (JG), they may have been 

more comfortable and willing to complete a telephone interview. 

There are some limitations associated with criterion sampling which should be acknowledged.  

Criterion sampling involves the selection of information rich cases that meet a predetermined 

criterion of importance. Participants are selected on the assumption that they possess 

knowledge and experience with the phenomenon of interest. However, criterion sampling can 

narrow the range of variation and focus primarily on similarities and therefore is less useful to 

identify and expand on the range of variation or differences (Palinkas et al., 2015). By including 

only individuals who meet a specific criterion, on the basis of having a specific experience of a 

process, the views of other individuals with different experiences of the same process may not 

be captured. In this study the criteria for inclusion was that participants were disease free 

survivors of oesophageal cancer who were at least one year post completion of curative 

treatment. These participants had also already taken part in Study 1 in this thesis. Therefore 

these participants represent those who were successfully treated, were doing relatively well 

into survivorship and were interested in and physically able to participate in research. This 

limits the generalisabilty of the study results as these findings may not represent the 

experience of all patients who undergo treatment for oesophageal cancer.  However this was 

the group who would most likely be targeted with interventional programmes and therefore 

represented the cohort of primary interest for this primary exploratory research. Furthermore 

it was of interest to the research in this thesis to compare quantitative and qualitative data 

and the use of the same participants in both studies facilitated this.  
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To address the limitations of criterion sampling Palinkas et al. (2015) recommend also using 

other types of purposive sampling to place greater emphasis on breath and variation. For 

example maximum variation sampling is more focused on exploring differences and therefore 

can increase the breadth and variation of the results. Accordingly, to address some of the 

limitations associated with criterion sampling, maximum variation sampling was also used in 

this study. This aimed to ensure the inclusion of participants with a range of ages, treatment 

types, surgery types and time post surgery.  

Due to the retrospective nature of the study, some participants may have had difficulties 

recalling specific information about their treatment and recovery, which could lead to 

inaccuracies. However it has been shown that those who have experienced special or 

traumatic events often remember those quite well, even though time has passed since they 

occurred (Christianson and Loftus, 1991).  

 

5.6 Conclusion 

 

The results of this study demonstrated that patients with oesophageal cancer experienced 

significant physical and lifestyle changes as a result of treatment for oesophageal cancer. 

These changes were found to continue up to five years post completion of treatment. This 

complements the objective measurements of poor fitness and physical activity levels which 

have been previously demonstrated in this group. The qualitative data gathered in this study 

has provided a comprehensive understanding of some of the potential reasons for the 

suboptimal physical functioning observed. This study cohort had a limited knowledge of 

activity guidelines and the wide ranging benefits of exercise and faced a number of disease 

specific and general barriers to increased activity and exercise. These are areas which can be 

specifically targeted with multi-disciplinary rehabilitation programmes. The findings of this 

study indicate that rehabilitation programmes are feasible and would be well received in an 

oesophageal cancer population a number of months post completion of treatment. The 

potential implications of the findings in this study are discussed in more detail in Chapter 8. 
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Chapter 6 Study 3:  Modifiers of functional performance during 
treatment for oesophageal cancer 

 

6.1 Introduction 

 

The systematic review in Chapter 1 revealed the limited amount of data currently available 

regarding the impact of chemotherapy, radiotherapy and surgery on objective measures of 

physical performance in patients with oesophageal cancer. The review identified a small 

number of recent studies which investigated the effect of either neoadjuvant treatment or 

surgery on fitness and strength levels in patients with oesophageal cancer.  One study by 

Tatamatsu and colleagues (2013) also subjectively measured physical activity levels pre and 

post neoadjuvant chemotherapy, however to the authors’ knowledge no study has 

investigated the impact of treatment on objectively measured physical activity levels. While 

the results of these studies primarily indicated that treatment for oesophageal cancer had a 

negative impact on physical performance, there were conflicting results regarding the effect of 

neoadjuvant treatment on fitness levels. No study to date has carried out a longitudinal 

analysis of the physical performance of one cohort of oesophageal cancer patients from 

diagnosis and throughout the treatment trajectory to investigate and compare the effect of 

both neoadjuvant treatment and surgery on physical performance.  

The results of Study 1 in this thesis identified suboptimal physical performance outcomes into 

longer term survivorship after oesophageal cancer.  However, due to the cross sectional design 

of the study, a direct cause-effect relationship between treatment for cancer and the low 

fitness and physical activity levels observed could not be established. It is clear that more 

research is needed in this area to investigate exactly how, when and to what extent treatment 

for oesophageal cancer might impact on physical performance. Longitudinal data on the 

strength, fitness and physical activity levels of patients with oesophageal cancer during 

treatment will assess the immediate physical side effects of treatment and highlight any 

prehabilitative or early rehabilitative needs this group may have.  
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6.2 Study aims and objectives 

 

The aim of this study was to investigate changes in physical performance during curative 

multimodal treatment for oesophageal cancer. The specific objectives were:   

 To measure exercise capacity, physical activity levels and muscle strength at diagnosis, 

post neoadjuvant treatment (chemotherapy and/or radiotherapy) and post 

oesophagectomy.  

 To investigate any changes in the measurements of exercise capacity, physical activity 

levels and muscle strength across all study time points.  

 To measure body weight, waist circumference and BMI at diagnosis, post neoadjuvant 

treatment (chemotherapy and/or radiotherapy) and post oesophagectomy.  

  

6.3 Methods and measures  

6.3.1 Study design 

A longitudinal study design was used to describe the changes in physical performance 

experienced by patients with oesophageal cancer throughout the treatment trajectory. 

Participants were assessed at the following time points during treatment and recovery: 

1. At diagnosis, prior to commencing neoadjuvant treatment (T1) 

2. Post neoadjuvant treatment and prior to surgery (T2)  

3. At least four weeks post surgery and post hospital discharge  (T3)  

 

Figure 6.1 Study assessment time-points 

 

T1 

Diagnosis 

(Pre neoadjuvant 
treatment) 

 

T2 

Post neoadjuvant 
treatment  

(Pre-surgery) 

 

 

T3 

≥4 weeks post  
surgery & post 

discharge 
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The inclusion criteria for participants in this study were that they: (1) were >18 years of age (2) 

had a diagnosis of oesophageal cancer and (3) were scheduled to receive multimodal 

treatment (including oesophagectomy) with a curative intent. Exclusion criteria included: (1) a 

neurological or musculoskeletal condition limiting independent mobility or (2) 

contraindications to exercise testing as per the American College of Sports Medicine guidelines 

(Pescatello, 2013). 

 

6.3.2 Sampling and recruitment  

Eligible participants were identified at multidisciplinary team meetings and upper 

gastrointestinal surgical clinics at St. James’s Hospital. These patients were informed of the 

study at clinics by either the surgical team or nurse specialist, were provided with a participant 

information leaflet and invited to take part (Appendix XVI). If the participant was agreeable, 

the study investigator then met or telephoned him/her to further explain the study and 

establish his/her interest in participation. When participants agreed to take part, an 

appointment was made for the initial assessment (T1). When participants returned to clinic 

post neoadjuvant treatment and again approximately four weeks post discharge, they met 

with the study investigator again and appointments were made for the follow up assessments 

(T2 & T3). Recruitment for this study began in April 2014 and is ongoing as part of a Health 

Research Board funded Health Research Award. The results presented here represent the 

preliminary data from this study.  

 

6.3.3 Ethical approval 

Ethical approval was granted by the SJH/AMNCH research ethics committee and all 

participants provided written, informed consent (Appendix XV & Appendix XVI).  

 

6.3.4 Measurement and testing protocol 

All study appointments took place in the Clinical Research Facility, St. James’s Hospital. During 

each assessment the measurements outlined below were completed:  

 Hand grip strength was measured using a Jamar dynamometer according to the 

procedures outlined in Section 2.3.2.3.  
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 Exercise capacity was measuring using the 6MWT as outlined in Section 2.3.1.5.  

 Habitual physical activity levels over five to seven days were measured using the 

ActiGraph triaxial accelerometer as outlined in Section 2.3.3.4. 

 Standing height, body weight, waist circumference and BMI were measured 

according to the procedures outlined in Section 2.4.3.  

Socio-demographic and past medical history details were gathered from medical charts, 

computer records at St. James’s Hospital and through participant interviews. 

 

6.3.5 Data analysis 

Data analysis was performed using SPSS (version 20) (IBM, Armonk, New York, USA). Data 

normality was assessed using normality plots and the Shapiro-Wilk test (p>0.05).  Means and 

standard deviations (SD) are presented for each variable with a normal distribution. Medians 

and interquartile ranges are presented for each variable with a skewed distribution. A one-way 

repeated measures ANOVA was conducted to determine whether there were statistically 

significant differences in outcomes across the treatment trajectory. The assumption of 

sphericity was assessed by Mauchly’s test of sphericity. Post hoc analysis with a Bonferroni 

adjustment was carried out to assess all pairwise comparisons. Statistical significance was set 

at p<0.05.  

 

6.4 Results 

6.4.1 Participant characteristics 

To date, 20 participants scheduled for neoadjuvant treatment have been recruited to the study 

at time of diagnosis. Of these, four did not attend for further study assessments due to disease 

progression (n=3) or no further interest in study participation (n=1). Sixteen participants 

completed the T2 study assessment and progressed to surgery. However, five participants did 

not compete the T3 assessment because they either underwent a gastrectomy (n=2), were too 

medically unwell to complete an assessment (n=1) or were lost to study follow up (n=2). 

Accordingly, to date, 11 participants have completed all three study assessments and were 

included in this preliminary descriptive analysis (Figure 6.2).  
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Figure 6.2 Recruitment of study participants 

 

Eleven patients with oesophageal cancer (two female) with a mean (SD) age of 64.55 (8.24) 

have completed the study protocol. Participant demographics are detailed in Table 6.1.  
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Table 6.1 Participant demographics and disease related information 

Demographics  
(n=11) 

  

Age (years)* 64.55 (8.24) 
   Range 50-75 
Gender n (%)  
   Male 9 (82) 
   Female 2 (18) 
Employment status n (%)  
   Working (sick leave)  6 (55) 
   Retired   5 (45) 
Co-morbidities n (%)  
   Cardiac 3 (27) 
   Respiratory 0 (0) 
   Metabolic 0 (0) 
Cancer Type n (%)  
   Adenocarcinoma 10 (91) 
   Squamous Cell Carcinoma  1 (9) 
Neoadjuvant Treatment Regimen n (%)  
   MAGIC protocol 9 (82) 
   CROSS protocol 2 (18) 
Surgery Type n (%)  
   2-stage oesophagectomy 8 (73) 
   3-stage oesophagectomy 2 (18) 
  2-stage oesophago-gastrectomy 1 (9) 
*mean (standard deviation) 

 

6.4.2 Data normality and assumption of sphericity 

The following data were non normally distributed (p<0.05): average time spent in vigorous 

intensity activity per day, average time spent in bouts of moderate-vigorous activity per day. 

Accordingly these data are described as median (inter-quartile range). No outliers were 

identified in the results for HGS and the 6MWT and Mauchly’s test of sphericity indicated that 

the assumption of sphericity had not been violated.  
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6.4.3 Results for body weight, BMI and waist circumference measurements  

The results for the body weight, BMI and waist circumference measurements for this cohort at 

each study time point are detailed in Table 6.2. The average (SD) height of this group was 

168.91 (6.22) cm. This group had an average (SD) weight of 79.14 (14.79) kg at diagnosis, 

which decreased to 76.55 (14.25) kg post neoadjuvant treatment and to 72.85 (12.96) kg post 

surgery. Accordingly, the average BMI measurement for this group also decreased consistently 

across the study period with an average BMI of 27.62 (4.11) kg/m2 at diagnosis, 26.68 (3.71) 

kg/m2 post neoadjuvant treatment and 24.93 (3.42) kg/m2 post surgery. The average (SD) waist 

circumference was 90.08 (11.80) cm at diagnosis, 93.24 (13.24) cm post neoadjuvant 

treatment and 99.65 (2.54) post surgery.  

 

Table 6.2 Results for body weight and BMI measurements 

Variable Diagnosis (T1) 
 
(n=11) 

Post neoadjuvant 
treatment (T2) 
(n=11) 

≥ 4 weeks post 
surgery (T3) 
(n=8) 

 Mean (SD) Mean (SD) Mean (SD) 

Weight (kg) 
 

79.14 (14.79) 76.55 (14.25) 72.85 (12.96) 

BMI kg/m2 

 
27.62 (4.11) 26.68 (3.71) 24.93 (3.42) 

Waist circumference (cm) 
 

90.08 (11.80)a 93.24 (13.24)b 99.65 (2.54)c 

a
n=7, 

b
n=9, 

c
n=2 Abbreviations: SD standard deviation, BMI body mass index, kg kilogram, m metre. 

  
 

6.4.4 Results for the measurement of the 6MWT and HGS  

The mean values for 6MWT distance (6MWD) and HGS for each study time point are detailed 

in Table 6.3. Eight participants completed a 6MWT at each of the three study time points. 

Three participants declined to complete the 6MWT at the T3 study time point due to dizziness 

or fatigue. All 11 study participants completed HGS measurements at each study time point. 

Treatment for oesophageal cancer elicited significant changes in 6MWT distance, right HGS 

and left HGS over time (p=0.037, p=0.002 and p=0.005 respectively) indicating a decrease in 

both fitness and strength levels across the treatment trajectory in this cohort.  The distance on 

the 6MWT decreased from 536.12 (63.01) metres at diagnosis to 532.87 (74.39) metres post 

neoadjuvant treatment and further to 473.25 (62.08) ≥ four weeks post surgery (p=0.037) 

(Figure 6.3). Right HGS decreased from 39.86 (10.47) kg at diagnosis to 35.64 (7.86) post 

neoadjuvant treatment and to 33.20 (8.85) kg ≥ four weeks post surgery (p=0.002) (Figure 6.4). 
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Similarly, left HGS decreased from 37.64 (8.35) kg at diagnosis to 34.15 (5.73) kg post 

neoadjuvant treatment and to 32.48 (8.45) kg ≥ four weeks post surgery (p=0.005) (Figure 6.5).  

 

Table 6.3 Results for 6MWT and HGS measurements  

Variable  Diagnosis 
 
 (T1) 

Post neoadjuvant 
treatment 
 (T2) 

≥ 4 weeks post 
surgery  
(T3) 

P value 

 n Mean (SD) Mean (SD) Mean (SD)  

6MWD (m) 
 

8 536.12 (63.01) 532.87 (74.39) 473.25 (62.08) .037* 

Right HGS (kg) 
 

11 39.86 (10.47) 35.64 (7.86) 33.20 (8.85) .002* 

Left HGS (kg) 11 37.64 (8.35) 34.15 (5.73) 32.48 (8.45) .005* 
Abbreviations: SD standard deviation, 6MWD Six Minute Walk Test distance, HGS hand grip strength, kg 
kilogram, m metre. 

 

 

 
 

 
 

Figure 6.3 Changes in 6MWT distance over time (metres) (represented as median and 
interquartile range) 
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Figure 6.4 Changes in right HGS measurements over time (kg) (represented as median and 
interquartile range)  

 

 
 

 

 
Figure 6.5 Changes in left HGS measurements over time (represented as median and 
interquartile range) 
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While a significant change in 6MWT results across all three study time-points was observed, 

post hoc analysis revealed no statistically significant difference between the distances 

achieved on the 6MWT for each pairwise comparison of study time-points (Table 6.4). 

However the 6MWT distance decreased by a mean of 59.62 (95% CI, -120, 0.75) metres from 

pre to four weeks post surgery which was approaching statistical significance (p=0.053) and 

exceeds the minimal clinically important difference of 50 metres reported for this test (Perera 

et al., 2006). Post hoc analysis of the right HGS measurements demonstrated that there was a 

statistically significant decrease from diagnosis to ≥ four weeks post surgery (-6.66 (95% CI -

10.88, -2.44) kg, p=0.003) but not from diagnosis to post neoadjuvant treatment (p=0.197) or 

from post neoadjuvant treatment to ≥ four weeks post surgery (p=0.257) (Table 6.5). Similarly, 

post hoc analysis of the left HGS measurements demonstrated that there was a statistically 

significant decrease from diagnosis to ≥ four weeks post surgery (-5.16 (95% CI -8.34, -1.99) kg, 

p=0.003) but not from diagnosis to post neoadjuvant treatment (p=0.173) or from post 

neoadjuvant treatment to ≥ four weeks post surgery (p=0.861) (Table 6.6).  

 

 

Table 6.4 Post hoc pairwise comparisons for 6MWT 

6MWD (metres) 
 

Mean Difference (95% C.I) P value 

Difference from diagnosis to 
post neoadjuvant treatment 
(T2-T1) 
 

-3.25  (-83.73, 77.23,) 1.00 

Difference from post 
neoadjuvant treatment to  
≥ 4 weeks post surgery 
(T3-T2) 
 

-59.62 (-120.00, 0.75) .053 

Difference from diagnosis to  
≥ 4 weeks post surgery 
(T3-T1) 

-62.87 (-148.46, 22.71) .166 

Abbreviations: 6MWD Six Minute Walk Test distance. 
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Table 6.5 Post hoc pairwise comparisons for right HGS 

RHGS (kg) 
 

Mean Difference (95% C.I) P value 

Difference from diagnosis to 
post neoadjuvant treatment 
(T2-T1) 
 

-4.22 (-10.08, 1.64) .197 

Difference from post 
neoadjuvant treatment to  
≥ 4 weeks post surgery 
(T3-T2) 
 

-2.44 (-6.12, 1.23) .257 

Difference from diagnosis to  
≥ 4 weeks post surgery 
(T3-T1) 

-6.66 (-10.88, -2.44) .003* 

Abbreviations: RHGS right hand grip strength, kg kilogram. 

 

 

Table 6.6 Post hoc pairwise comparisons for left HGS 

LHGS (kg) 
 

Mean Difference (95% C.I) P value 

Difference from diagnosis to 
post neoadjuvant treatment 
(T2-T1) 
 

-3.49 (-8.16, 1.18) .173 

Difference from post 
neoadjuvant treatment to  
≥ 4 weeks post surgery 
(T3-T2) 
 

-1.67 (-5.94, 2.59) .861 

Difference from diagnosis to  
≥ 4 weeks post surgery 
(T3-T1) 

-5.16 (-8.34, -1.99) .003* 

Abbreviations: LHGS left hand grip strength, kg kilogram. 

 

6.4.5 Results for the measurement of habitual physical activity levels  

Results for objectively measured habitual physical activity levels at each study time point are 

detailed in Table 6.7. Participants wore the ActiGraph accelerometer for an average (SD) of 6.3 

(0.95) days at T1, 6.27 (1.35) days at T2 and 6.17 (1.33) days at T3. An ActiGraph was worn at 

each time-point by all participants with the exception of one at T1 as the participant was 

overseas and declined to wear a monitor. At the T3 time point one monitor had not been 

returned at the time of study analysis. In addition, four of the ActiGraphs which were worn and 
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returned by participants at the T3 time point did not meet the requirements for wear time 

validation in the ActiLife software and therefore were unsuitable for analysis. These 

accelerometers had a daily wear time of less than 10 hours and therefore, as outlined in 

Section 2.3.3.5, were not valid for inclusion in the analysis (Troiano et al., 2007). As valid 

physical activity data was only available for a small number of participants at all three time-

points (n=5), an ANOVA analysis was not carried out and all available data was presented 

descriptively (Figure 6.6, Figure 6.7, Figure 6.8 and Figure 6.9).   

 

Table 6.7 Results for objectively measured habitual physical activity levels 

Physical Activity Levels Diagnosis  (T1) 
 
(n=10) 

Post neoadjuvant 
treatment (T2) 
(n=11) 

≥ 4 weeks post 
surgery  
(n=6) 

Sedentary behavior (min.day-1) 498.26 (57.61) 505.78 (57.96) 523.04 (110.59) 

Sedentary behavior  
(% of total wear time)  
 

64.76 (9.18) 67.54 (5.73) 75.54 (11.56) 

Light activity (min.day-1) 250.45 (80.77) 221.81 (57.74) 156.32 (80.64) 

Moderate activity (min.day-1) 24.46 (16.75) 24.24 (23.15) 13.89 (15.25) 

Vigorous activity (min.day-1) ‡ 0.00 (0.79) 0.00 (0.00)  0.00 (0.04) 

Mod-to-vig activity 
(≥10 minute bouts) (min.day-1)‡ 

4.64 (11.12) 5.33 (25.33) 4.93 (7.61) 

Data are displayed as mean (standard deviation) unless indicated otherwise. ‡ Variable not normally 
distributed, data presented as median (interquartile range). Abbreviations: min.day

-1 
minutes per day 
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Figure 6.6 Minutes per day spent in sedentary behaviour at each study time point 
(represented as median and interquartile range) 

 

 

 

Figure 6.7 Minutes per day spent in light intensity activity at each study time point 
(represented as median and interquartile range) 
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Figure 6.8 Minutes per day spent in moderate intensity activity at each study time point 
(represented as median and interquartile range)  

 

 

 

Figure 6.9 Minutes per day spent in bouts of moderate - vigorous intensity activity at each 
study time point (represented as median and interquartile range) 
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At diagnosis, this cohort spent 65% of their time sedentary, with this figure increasing to 67% 

post neoadjuvant treatment and further to 75% at least four weeks post surgery and discharge 

from hospital. The average time spent engaged in moderate intensity activity was the same at 

diagnosis and post neoadjuvant treatment (24.46 (16.75) minutes per day and 24.24 (23.15) 

minutes per day respectively). However, for those who wore a monitor at least four weeks 

post surgery the average time in moderate intensity activity dropped to 13.89 (15.25) minutes 

per day. The median time spent in vigorous intensity activity was zero minutes per day across 

all three study time points. When the data was analysed for time spent in bouts (≥10minutes) 

of activity, it revealed that this cohort spent a very small minority of their time engaged in 

bouts of moderate-to-vigorous intensity activity across all study time points. A median of 4.64 

(11.12) minutes per day at T1, 5.33 (25.33) minutes per day at T2 and 4.93 (7.61) minutes per 

day at T3, was recorded. Accordingly this group were not meeting the PA guidelines 

recommended for cancer survivors at any study time-point.  
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6.5 Discussion  

The aim of this study was to assess the impact of curative multimodal treatment for 

oesophageal cancer on physical performance. While this is an ongoing study, the preliminary 

results presented here indicate that fitness, strength and physical activity levels are adversely 

affected by these cancer treatments. These results are consistent with previous literature 

which has reported significant decreases in both fitness and strength after neoadjuvant 

therapy and surgery (Jack et al., 2014, Lund et al., 2015, Liedman et al., 2001, Taguchi et al., 

2003, Tatematsu et al., 2013b). The results in this study indicate that physical performance is 

more adversely affected by oesophagectomy than chemotherapy and radiotherapy.  

In this cohort, both fitness and physical activity levels were preserved from diagnosis to post 

neoadjuvant treatment. These findings are similar to those reported by Tatematsu et al., 

(2013a) where both 6MWT distance and subjectively measured physical activity levels 

remained the same from pre to post neoadjuvant chemotherapy. Similarly in a study by Rawat 

et al., (2011) the distance in the 6MWT decreased by less than would be considered clinically 

meaningful from pre to post neoadjuvant therapy. However, these findings differ from three 

studies which measured fitness pre and post neoadjuvant treatment for oesophageal cancer 

using a CPET or maximal working capacity test and reported significant losses in fitness levels 

(Jack et al., 2014, Lund et al., 2015, Liedman et al., 2001).  As discussed in Section 1.3.4, the 

discrepancy between these results may be due to the lower sensitivity of the 6MWT, as 

compared to a CPET, to treatment effects. It has been suggested that walking tests may not be 

sensitive enough to assess changes in exercise capacity in patients with early-stage disease or 

in those without concomitant comorbid disease because they may not sufficiently stress the 

cardiovascular system (Jones et al., 2008a). The participants in this study cohort were eligible 

for curative treatment and had minimal comorbidities and therefore the 6MWT may not have 

been sensitive enough to identify changes in fitness in the early stages of treatment. As 

physical activity levels were also maintained from pre to post neoadjuvant treatment in this 

group, it could be hypothesised that the effect, if any, of chemotherapy and radiotherapy on 

fitness levels was too small to be picked up by the 6MWT.  

The results of this study demonstrated that oesophagectomy had a more profound impact on 

fitness and physical activity levels than neoadjuvant treatment. A clinically meaningful 

decrease of greater than 50 metres was observed in 6MWT distance from pre to at least four 

weeks post surgery in this study cohort, indicating a clinically meaningful decrease in fitness 

levels, which also approached statistical significance (p=0.053). Furthermore, sedentary 



168 
 

behaviour increased from 67% to 75% of total wear time and time engaged in moderate 

intensity activity dropped from an average of 24 minutes per day to 13 minutes per day from 

pre to at least four weeks post surgery in this group. These findings show that participants 

were highly sedentary in the initial weeks post surgery and discharge from hospital and 

engaged in almost no moderate or vigorous intensity activity. This reflects the results in Study 

2, where long term survivors of oesophageal cancer described the initial weeks and months 

post surgery as particularly difficult and reported that their activity levels were very low during 

this time.  

The strength levels of this cohort were also negatively affected by treatment for oesophageal 

cancer. There was a significant loss in both right and left HGS from diagnosis to post 

oesophagecomy. As the HGS measurements decreased consistently across the three study 

time-points, these findings indicate that losses in strength can occur with both neoadjuvant 

treatment and surgery. It has been established that sarcopenia is prevalent in patients with 

oesophageal cancer. Recent studies have reported increases of 17% to 24% in the number of 

patients classified as sarcopenic from pre to post neoadjuvant chemotherapy (Awad et al., 

2012, Yip et al., 2014), with similar findings demonstrated in Study 1 in this thesis. Therefore 

these patients could be experiencing a loss of muscle mass throughout the treatment 

trajectory with resulting in losses in strength. As expected in this cohort, consistent weight loss 

was observed throughout the treatment trajectory, with average body weight and BMI 

measurements decreasing after both neoadjuvant therapy and surgery.   

Finally it was noteworthy that suboptimal fitness and physical activity levels were prevalent in 

this group from diagnosis and throughout the treatment trajectory. The highest distance 

achieved in the 6MWT by this cohort was 536 metres at the diagnosis time point. This is lower 

than the distance that would be expected for healthy older adults. Normal values for the 

6MWT range from 576 metres to 659 metres (Enright and Sherrill, 1998, Camarri et al., 2006, 

Troosters et al., 1999). Furthermore, the median time spent engaged in bouts of moderate to 

vigorous intensity activity ranged from four to five minutes per day at all study time points. 

This amounts to an average of 28 to 35 minutes per week engaged in these important activity 

intensities, which falls far short of the figure of 150 minutes per week which is recommended 

for health benefits in patients with cancer (Schmitz et al., 2010). These findings indicate that 

prehabilitation and rehabilitation programmes targeting fitness and physical activity levels are 

indicated in this group in order to optimise physical performance both prior to surgery and 

post completion of treatment.  
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6.5.1 Limitations 

This study has a number of limitations which warrant discussion. Due to the use of a field 

walking test, fitness levels were measured indirectly. As discussion in Section 6.5, this test may 

not have been sensitive enough to identify small changes in fitness from pre to post treatment 

in this group. This test however is clinically meaningful and is easily reproducible in a variety of 

settings and was deemed the most appropriate test for this study for the reasons outlined in 

Chapter 2 (Section 2.3.1.1). As the results presented here are preliminary results from an 

ongoing study the sample size is small, however this study provides informative early data on a 

limited, under researched group. Furthermore due to the inclusion of participants who 

completed all three study assessments only, this study consists of a somewhat biased sample. 

Those who were able to attend all three study assessments represent those who successfully 

completed treatment, were discharged from hospital and were generally doing relatively well 

post-operatively. However, this is the patient type who will likely be targeted with 

interventional programmes and therefore represents the cohort of primary interest for this 

research.  

It must be noted that the results presented here are as a result of an interim analysis of the 

preliminary data from an ongoing longitudinal study. There may be some bias associated with 

this as the study assessors continuing the study will be aware of the initial trend of the results. 

However this study contains an inherent bias as it is observational only and the assessments 

are unblinded. Therefore the study investigators may already be aware of trends in the data 

due to clinically meaningful and noticeable changes in performance observed in participants 

throughout the progression of the study. Another inherent bias associated with this study 

arises from the fact that the research team are acutely aware of the patient’s medical status 

and those who are most unwell are less likely to complete assessments at designated 

timepoints. As this study does not include a comparison of an intervention and control group, 

early trends in the study results known to investigators cannot bias the assessment of one 

group as compared to another. The study assessments are conducted according to a strict pre-

defined protocol and this will remain the same throughout the entire study period. Therefore 

it is anticipated that this preliminary interim analysis will have no significant impact on the 

overall study results. 
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6.6 Conclusion  

 

The preliminary data presented in this study has revealed that physical performance is 

adversely affected by curative treatment for oesophageal cancer. These results suggest that 

interventional programmes targeting strength, fitness and physical activity levels are indicated 

in this cohort in order to optimise physical functioning both prior to surgery and post 

completion of treatment.  
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Chapter 7 Study 4: Treatment experiences and patient 
perspectives on physical functioning during curative multimodal 
treatment for oesophageal cancer 

 

7.1 Introduction  

 

The aim of Study 3 in this thesis was to objectively measure the impact of multimodal 

treatment for oesophageal cancer on physical performance. The aim of this study was to 

complement these results with a qualitative exploration of patient perspectives on the impact 

of a cancer diagnosis, and commencement of treatment, on their lifestyle and physical 

functioning. The aim was to explore potential reasons for the changes in physical functioning 

which occur during treatment for oesophageal cancer. Changes in physical functioning may be 

as a direct result of the physical impact of treatment, due to conscious lifestyle changes made 

by patients after a cancer diagnosis or due to other reasons. In addition, this study aimed to 

examine participants’ knowledge and understanding of exercise and activity and their role 

across the cancer continuum and to determine the importance they placed on them. 

It has been shown that decreased exercise tolerance and activity levels pre oesophagectomy 

are associated with an increased occurrence of post-operative complications (Feeney et al., 

2011, Murray et al., 2007, Moyes et al., 2013). Increasing patient fitness and activity levels 

before surgery through a prehabilitation programme may reduce the risk of post-operative 

complications (Singh et al., 2013). However the implementation of a prehabilitation 

programme poses many practical issues, some of which were identified in the initial stages of 

this PhD. Patients may be undergoing chemotherapy and radiotherapy in the proposed 

prehabilitative period. While it has been shown that exercise is safe during chemotherapy and 

radiotherapy, the side effects of these treatments are well documented and include fatigue, 

cachexia, myopathies and neuropathies. These side effects may impact on patient’s ability and 

willingness to exercise. In addition it is unclear what an optimal prehabilitation programme 

should consist of in terms of type, location, duration, frequency and intensity.  Qualitative 

research in this patient cohort may address some of these issues from a patient perspective. 

By interviewing patients immediately post completion of neoadjuvant treatment this study 

aimed to gain valuable information on patients’ physical functioning and willingness to 

complete an exercise intervention in this time period. This study also aimed to investigate any 

physical challenges patients encountered and any concerns or suggestions they had regarding 
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exercise and activity at this time.  

7.2 Study aims and objectives  

 

The overall aim of this study was to describe the treatment experiences of patients with 

oesophageal cancer while undergoing curative multimodal treatment. The specific objectives 

of the study were:  

 To describe the effect of a cancer diagnosis and its treatment on participants’ 

lifestyle and physical functioning. 

 To explore participants’ knowledge of physical activity guidelines and perceptions 

about their own level of physical activity. 

 To identify potential barriers and facilitators to recommended physical activity 

levels and exercise.  

 To obtain participants’ views on the development of prehabilitation programmes 

for patients with oesophageal cancer.  

 

 

7.3 Methods and measures 

7.3.1 Study design  

As discussed in Chapter 3 (Section 3.2), a qualitative descriptive study design was used in this 

study and individual semi structured interviews with open ended questions took place. 

 

7.3.2 Sampling and recruitment  

Criterion purposive sampling, as described in Section 3.4 was used in this study. The criterion 

for inclusion was that participants were undergoing curative multimodal treatment for 

oesophageal cancer at the time of the study. Eligible participants had completed neoadjuvant 

therapy and were scheduled for surgery. Patients receiving multimodal therapy only were 

selected for inclusion in this study because the provision of neoadjuvant treatment provides a 

window of opportunity between diagnosis and surgery when a prehabilitation programme 

could potentially be introduced. Therefore in order to investigate patient perspectives on the 
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feasibility of such a programme, it was necessary that they had completed neoadjuvant 

treatment.  

This qualitative study formed part of a larger longitudinal study carried out from diagnosis, 

throughout treatment and into recovery in this cohort. Preliminary results from this 

longitudinal study are presented in Study 3 in this thesis. Accordingly, details about the 

qualitative component of the study were included in the original PIL which participants 

received at the beginning of the study (Appendix XVI). When participants had successfully 

completed neoadjuvant therapy and were scheduled for surgery, they were invited to 

complete an interview. When potential participants agreed to take part, they were given the 

option of completing the interview in person or over the phone and asked to nominate the day 

and time that best suited them. All participants who took part in Study 3 were considered for 

inclusion in Study 4. However not all participants who completed an interview and are 

included in Study 4 were included in the preliminary results reported in Study 3 in this thesis. 

Reasons for this included: (1) some participants completed an interview in the pre-operative 

period but were not able to attend for a post-operative study assessment for Study 3 and 

therefore were not included in the preliminary analysis in this thesis or (2) some participants 

completed an interview for Study 4 but subsequently went on to have a gastrectomy and 

therefore were not included in the preliminary analysis in this thesis.  

7.3.3 Interview schedule  

The development of the interview schedule involved (1) examining the literature on qualitative 

descriptive research in general and in an oesophageal cancer population and (2) referring to 

the study objectives listed in Section 7.2. As discussed in Section 3.3, questions were designed 

to be simple, open-ended and flexible. Additional questions designed to probe for more depth 

were included in the schedule, to be used if deemed necessary. The interview schedule is 

contained in Appendix XVII.  

 

7.3.4 Ethical approval  

Ethical approval was granted by the SJH/AMNCH research ethics committee and all 

participants provided written, informed consent (Appendix XVI & Appendix XV).  
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7.3.5 Data analysis  

Data analysis of the interview transcripts was carried out as described in Section 3.7. 

 

7.4 Results  

7.4.1 Participant selection and identification of saturation  

Nine participants were interested in participating in the study and were available for interview 

post neoadjuvant therapy and prior to surgery.  Recruitment took place between July 2014 and 

June 2015.  As described in Chapter 3, recruitment continued until data saturation was 

reached. It was clear from the analysis of the 7th - 9th interviews that no new information, 

perspectives or themes were found from the data and therefore recruitment was stopped at 

nine participants.  

 

7.4.2 Participant characteristics  

Nine participants (seven men) with an average age of 62 years completed an individual semi-

structured interview with the lead investigator (JG). Participant demographics and interview 

details are presented in Table 7.1. Eight face-to-face interviews took place and one interview 

was carried out over the phone. Eight participants completed the interviews independently 

and one participant attended for a face-to-face interview with his wife. All participants had 

completed neoadjuvant therapy and were scheduled for surgery. The average interview 

duration was 12 minutes with a range from 6 - 29 minutes. Over 20,000 words of original 

content was transcribed. 
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Table 7.1 Participant characteristics and interview details 

Participant ID Gender Age  Current 
occupational 
Status 

Cancer Type Neoadjuvant 
treatment type 

Interview Type People present Interview 
Duration 
(minutes) 

G2QP01 Male 74 
 

Retired AC CROSS protocol Face-to-face Participant only 8 

G2QP02 Female 
 

60 Sick leave SCC CROSS protocol Face-to-face Participant only 9 

G2QP03 Female 
 

57 Retired AC MAGIC protocol Face-to-face Participant only 12 

G2QP04 Male 
 

64 Sick leave AC CROSS protocol Telephone Participant only 6 

G2QP05 Male 
 

64 Sick leave AC MAGIC protocol Face-to-face Participant only 15 

G2QP06 Male 
 

69 Working AC CROSS protocol Face-to-face Participant only 10 

G2QP07 Male 
 

62 Sick leave AC CROSS protocol Face-to-face Participant & wife 29 

G2QP08 Male 
 

59 Working AC CROSS protocol Face-to-face Participant only 11 

G2QP09 Male 
 

53 Sick leave SCC CROSS protocol Face-to-face Participant only 11 

Abbreviations: AC adenocarcinoma, SCC squamous cell carcinoma.  
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7.4.3 Inter-rater and intra-rater reliability 

Section 3.7.3 outlined the methods used to examine the reliability of the coding and the 

formula used to calculate the inter-rater and intra-rater reliability. The results are presented in 

Table 7.2 and Table 7.3. Most discrepancies were errors of omission, where one or the other 

coder overlooked text that could be coded. All disagreements that were not an error of 

omission were resolved through discussion.  

 

 

 

 

 

 

 

Table 7.2 Inter-rater reliability of the coding system (Miles and Huberman, 1994) 

 

 

 

 

 

 

 

Table 7.3 Intra-rater reliability of the coding system (Miles and Huberman, 1994) 

 

It is common to expect that inter-rater reliability be ≥70%, while intra-reliability would be 

expected to be ≥80% (Miles and Huberman, 1994). The results obtained demonstrate the 

reliability, both inter-rater and intra-rater, of the coding system.  

 

 
Number of agreements x 100 

Total number of agreement + disagreements 
 

= 102 x 100 
   102 +21 

 
= 83% 

 

 

 
Number of agreements x 100 

Total number of agreement + disagreements 
 

= 108 x 100 
108 + 8 

 
=93% 
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7.4.4 Themes and sub-themes 

Three primary themes and a number of sub themes were identified from the analysis of the 

interview transcripts. These themes and sub-themes are presented in Table 7.4.  

 

Table 7.4 Themes and sub-themes generated through interview analysis 

 

Themes 

 
1. Experiences of 

oesophageal 
cancer and its 
treatment  

 
2. Physical activity and 

exercise during 
treatment for 
oesophageal cancer  

 
3. The role of 

prehabilitation during 
treatment for 
oesophageal cancer 

 

Sub-
themes 

 

 Physical impact 
 

 Lifestyle impact 
 

 Emotional impact 

 

 Barriers to exercise 
 

 Facilitators to exercise 
 

 Exercise knowledge & 
understanding 

 
 

 Feasibility of 
prehabilitation 
 

 Interest in 
prehabilitation 

 

 Structure of 
prehabilitation 

 

 

 

7.4.4.1 Theme 1: Experiences of oesophageal cancer and its treatment 

The first theme which emerged from the data in this study was ‘experiences of oesophageal 

caner and its treatment’. This was divided into three major subthemes: the physical impact, 

the lifestyle impact and the emotional impact.  

 

Physical impact 

Participants discussed the impact that a cancer diagnosis and the subsequent commencement 

of treatment had on their physical functioning. For the majority of participants, treatment had 

some impact on their physical functioning, even if only temporarily.  Fatigue was mentioned 

frequently with participants noticing a decrease in their strength, stamina and fitness levels, 

particularly as treatment progressed. Activity limitations discussed included: having difficulty 

with heavy lifting, chopping wood or cutting grass, being restricted in the distance they could 

walk or being restricted in a particular hobby e.g. playing golf. 
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“Coming towards the end of the treatment I was finding that a bit harder 

to walk...not a great distance now you know... about quarter of a mile 

maybe.” [G2QP01] 

“Well at one time there...I'd be dead tired after about the third or fourth 

hole [of golf], I'd be dead tired... I gave it up for... a month [during] 

chemotherapy.” [G2QP08] 

“I just have to be careful, not lifting anything awkward, not overexerting, 

at the moment but I don't physically feel strong enough to be lifting 

anything compared to what I would be.” [G2QP07] 

 

Other more specific side effects of treatment were also reported and included low blood 

pressure and dizziness, sensory problems, altered bowel movements, inflamed lungs, sore 

throats and infections.  

 

“I tend to have low blood pressure anyway and it was completely 

exacerbated by the chemo and by I suppose just not being able to eat and 

so if I did anything at all.. if I was out in the garden and I was bending 

down and I knew if I stood up...I’d be feeling dizzy and faint and I'd have 

to sit down for 10 minutes or something. So that was kind of constant 

throughout the chemo.” [G2QP03] 

 

However, for some participants the treatment effects were only temporary and they described 

the overall experience as generally positive with a negligible long term physical impact and 

minimal side effects overall.   

 

“It wasn't bad at all now you know...not bad. Because I kind of sailed 

through that, that was no problem, the chemo.” [G2QP01] 

“I was working during my treatment, but em.. no I was lucky I had just 

the right dosage or something. It was very bearable indeed.” [G2QP06] 

“I haven't been sick during this... since the treatment started, I haven't 

been sick.” [G2QP08] 
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A number of participants reported that while they had no particular problems during the 

neoadjuvant treatment, they began to experience side effects once the treatment had 

finished. In the initial few weeks post completion of neoadjuvant treatment, some participants 

described being completely ‘wiped out’ and feeling unable to do anything.  

 

“Only when I came out...For two weeks or a little more I just couldn't do 

anything... and that was the first time that I had felt like that.” [G2QP01] 

“During the chemo, during the treatment I was fairly active, it was just 

after the treatment that my activity levels dropped 

completely...immediately post chemo.. my activity levels were zero.” 

[G2QP02] 

“When I was in the hospital you couldn't keep me in the bed...It wasn't 

until I got home that it hit me. Everything hit me at once.” [G2QP09] 

 

For those who experienced this post treatment drop in energy levels, most reported that their 

activity levels gradually started to increase again over a period of two to six weeks and at the 

time of interview, were almost back to normal.  

 

 “Oh I'd say about five to six weeks after the chemo. It's only in the last 

two to three weeks that I actually feel I'm back to my original level of 

activity.” [G2QP02] 

“As soon as I got out of the hospital... I couldn't do anything...call it 

fatigue...I made a cup of tea and I had to go and sit down... I couldn't do 

anything and I was like that for about four weeks... It's only just recently, 

I'd say in the last three weeks that I'm getting back to normal.” [G2QP09] 

 

Accordingly, at the time of interview, the majority of participants described themselves as an 

‘active person’. Some described their current exercise habits which primarily included walking 

and playing golf. Others described how they had endeavoured to maintain a good level of 

activity during their treatment thus far.  
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“At the moment, I'd be doing...roughly I'd be walking four miles a 

day...sometimes more, sometimes less, seven days a week.” [G2QP09] 

“Well I'm active alright because I play the golf still so...now I played it 

three times last week.” [G2QP08] 

“Even when I was on the chemo on my good days I'd be trying to go 

out...when we had beautiful weather...with friends, I'd go for a walk for 

an hour around the...park and that was ok I could do that.” [G2QP03] 

 

Lifestyle impact 

In addition to the changes in physical functioning, the impact, if any, oesophageal cancer and 

its treatment had on the participants’ lifestyle was described. Some reported no problems with 

maintaining a relatively normal lifestyle and completing household tasks while others reported 

that they were ‘minding themselves’ somewhat and therefore were restricted in some 

activities. 

 

“I do a lot of cooking and that.. so that's fine now. Pottering around.”  

[G2QP01] 

“I'm working away as normal as such, doing the usual chores around the 

house.” [G2QP04] 

“He's very good at doing housework and stuff like that...like he'd potter in 

the garden...he'd vacuum and clean the bathrooms and stuff like that so 

he still does that.” [G2QP07Wife] 

“But I haven't been able to do the things I like doing...I'm still minding 

myself I suppose really.” [G2QP01] 

“I was kinda minding myself a bit, maybe too much!” [G2QP05] 

 

For some, the most significant lifestyle change was going on sick leave from work during their 

treatment. In some cases, this was described as a reason for a reduction in activity levels.  

 

“No I'm not doing a lot of exercise you know, I didn't actually work 

officially since I got ill you know.” [G2QP04] 
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“Because I'm not working now at the minute and you know you are lazing 

about the house and that and there's only so much you can do.” 

[G2QP05] 

“The only thing I gave up was work. I couldn't go to work. That was just 

too strenuous, I packed that in you know...That's...the only main change, 

is giving up the work.” [G2QP09] 

 

Another difference in lifestyle described was changes in eating habits. Some had experienced 

significant dysphagia which resulted in a very limited or restrictive diet. Others described 

experiencing significant weight loss and feeling that they had to eat large amounts of food just 

to maintain their weight. 

 

“I'd say...I have lost over three stone...that was before the 

treatment...before the treatment I just couldn't eat. I was on liquids...the 

weight just fell off me. Over three stone...and it's very hard to get it back 

on, especially when you are on liquids...you're not eating proper.” 

[G2QP09] 

“It was hard to put that back up so I got back to 50 [kilograms] but I 

found that very hard particularly when I started to eat again and I wasn't 

on the feed.. just eating enough to keep it on.. I could just maintain and I 

thought I was eating a huge amount and that I was...and I was sure that I 

was going to be piling on the pounds...particularly with the kind of food 

that I was eating but in fact no I was really surprised that I was just 

maintaining.” [G2QP03] 

“I'm on over 3000 calories a day. There's no way you'd burn them all 

off...But you wouldn't think it to look at me.” [G2QP09] 

 

Emotional impact 

The emotional impact of a cancer diagnosis was discussed, with some participants describing 

feeling upset and anxious, particularly initially after receiving the diagnosis. However, as time 

went on and they commenced treatment, the importance of having a positive attitude and a 

good sense of humour was discussed. This was deemed particularly important when any 
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problems arose during treatment. Participants felt it was important not to focus on the 

negative and to look towards recovery.  

 

“It does affect you naturally enough, when you hear the word like cancer 

or that or you have to go for chemo, it knocks you, it does knock you...But 

I feel myself I was strong enough to get around that. I might have had the 

odd cry in the corner now, I have to say that now...but in general then I 

just said to myself ‘lookit that's life you know’, you get up and you get on 

with it now.. You have to be positive.” [G2QP05] 

“I've put it out of my mind, what I have, I didn't let it get to me. If 

someone asks me ‘how do you feel’ and I say ‘sure I'm alright sure I'm 

able to do what I want to do and that's it you know’.” [G2QP08] 

“But he has a great sense of humour through it all, I have to say he never 

lost his sense of humour, which is brilliant.” [G2QP07Wife] 

 

With neoadjuvant treatment successfully completed and the side effects of treatment 

diminishing over time there was a strong overall sense of ‘feeling good’ at the time of 

interview.  

 

“But as I say I do feel good now.” [G2QP01] 

“I'm working away the finest. Healthy enough I think.” [G2QP04] 

“I feel 100% now.” [G2QP06] 

 

One participant and his wife talked about the importance of receiving information and support 

from healthcare professionals who they found to be very approachable. They felt that any 

question they had was answered and this was described as a great source of comfort and 

reassurance. 
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“But it's nice to know that there is people there to turn around and say... 

and you can talk and if they’re in the ward ‘can I ask you something’, ‘yea 

that's grand’ and they'll sit there and talk to you and they'll help you out.” 

[G2QP07] 

“Because all the information makes a difference because you're not the 

whole time in your mind thinking I wonder.. or this or that.. it's already 

answered and you know.. So you're not afraid to sleep because you can't, 

you’re afraid of what the next thing is or whatever.” [G2QP07Wife] 

“The horror... Yea what if, what if, what if and you’re assuming.. It’s the 

assumptions yea, the assumptions are the frightening part” [G2QP07] 

“The information is incredibly valuable” [G2QP07Wife] 

 

7.4.4.2 Theme 2: Exercise and activity during treatment for oesophageal cancer 

The second theme to emerge from the data was ‘exercise and activity during treatment for 

oesophageal cancer’. This included the following subthemes: barriers to exercise, facilitators to 

exercise and exercise knowledge and understanding.  

 

Barriers to exercise 

Any barriers to exercise which participants experienced at the time of data collection were 

discussed.  Some of these were specifically related to the fact that participants had cancer and 

were undergoing treatment, while others were more general barriers to exercise. Concerns 

regarding weight loss and changes in eating habits were the primary disease related barriers to 

exercise in this cohort. Some participants described restricting their activity in an effort to 

maintain their weight.  

 

“It's nice to maintain a certain level of activity but at the same time you 

just have to kind of try and hold on to the calories at the same time...I'm 

purposefully slowing down in order to maintain the calories.” [G2QP02] 

 

On the other hand, some did recognise the benefits of exercise for building up muscle strength 

and therefore were keen to maintain it, regardless of any concerns with their weight.  
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“I think exercise builds up muscle and it builds up strength rather than 

you know...that wouldn't be an issue for me at all, you know I'd see the 

benefits.” [G2QP03] 

 

Restrictive eating habits such as a liquidised or dairy based diet were also reported as a reason 

for a reduction in energy levels and therefore a barrier to exercise. 

 

“It's so limited what he can take in and that's why he doesn't, it's not 

enough to give him good energy.” [G2QP07Wife] 

 

Some participants reported that their activity was limited as they had been told to ‘take it 

easy’ during their treatment.  

 

“But I haven't been able to do the things I like doing...because I was told 

just to take things easy.” [G2QP01] 

 

Finally, being unable to go out for a walk due to bad weather was also described as more 

general barrier to exercise.  

 

“I'd say I am active, now there is days of course as I say weather 

permitting again that you can't get out.” [G2QP05] 

 

Facilitators to exercise 

A number of facilitators to maintaining exercise and activity levels during treatment were 

discussed. Participants spoke about wanting to maintain fitness levels in the lead up to surgery 

and as a result had made a conscious effort to exercise habitually. 
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“I kind of...try to get into a routine and make it a habit that no matter 

what way you’re feeling you get up and go out and do it...I like to keep 

myself active so...I'm trying to keep as fit as I can for the operation that's 

coming up.” [G2QP05] 

 

This attitude and determination to maintain normal activity levels during treatment was a very 

important facilitator. 

 

“I tell ya actually the only exercise I ever got was going from my bed.. 

down to the radiotherapy treatment..And the first day they sent up a 

wheelchair for me.. 'what's this for'...'we have to take you'.. 'no way'... it 

was a dietician...a dietician said it's too much of a walk...you’re not 

taking enough in...you'll be losing weight.. I said I won't be losing 

weight... I never once in the five weeks used the wheelchair, I refused it.” 

[G2QP09] 

 

Improvements in eating habits were also described as an important facilitator to exercise. 

Some participants reported that when problems such as dysphagia had improved or had been 

resolved this facilitated an increase in energy and activity levels.  

 

“Because I'm eating like a horse now...Because I have no blockage and it's 

going down normally you know so I'm eating normal food and quite a lot 

of it...I feel a lot brighter...I can certainly walk better.” [G2QP01] 

 

Other more general facilitators to exercise included good weather, having to cut the grass or 

having to walk the dogs.  

 

Exercise knowledge and understanding  

Participants’ knowledge and understanding with regards to exercise and activity were 

explored. The majority of participants recognised the benefits associated with exercise and 

reported feeling better when they engaged in exercise.  
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“I'd know that there are health benefits if you do a certain amount of 

exercise.” [G2QP02] 

“I feel much better and as the weeks went on, doing the exercise as I say 

and the walking and just getting up for the game of golf and getting out 

as well.. I felt much better as the weeks went on.” [G2QP05] 

 

One participant was particularly surprised at how beneficial exercise was for improving cancer 

related fatigue, as he had thought the opposite to be true.   

 

“Now I couldn't believe it when they told me, go and exercise, you won't 

be so tired...I thought it would be the opposite but actually you have 

more energy when you come back from your walk...I mean I'm out 

digging the garden and everything!” [G2QP09] 

 

Seven out of the nine participants included in the study had not heard of physical activity 

guidelines and did not know what they were. Two participants had a vague awareness of the 

guidelines and explained their understanding of them.  

 

“Well I suppose I'd be aware in a general way...but I wouldn't have 

specific figures for different age groups or anything like that, I would just 

know that a certain amount of physical activity every day is good and 20 

minutes maybe of increased heart rate or whatever...so that sort of 

thing.” [G2QP03] 

“I think there is consensus now that something like 10-15 minutes 

moderately vigorous exercise per day is about the optimum...about 10 

minutes a day, minimum moderate exercise, which is what I do anyway.” 

[G2QP06] 
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7.4.4.3 Theme 3: Role of prehabilitation 

The final theme in this study was ‘the role of prehabiliation in an oesophageal cancer cohort’. 

Prehabilitation was discussed in terms of feasibility, interest and structure (location and 

timing).  

 

Feasibility of prehabilitation 

Participants were asked if they felt they would have been able to complete a prehabilitation 

programme in the time period between diagnosis and surgery, during which time they 

received neoadjuvant chemotherapy and radiotherapy. There were varied responses regarding 

the feasibility of an exercise programme in the pre-surgery period but the majority of 

participants felt that they would have been able for some sort of programme at certain times 

during this period. However they clarified it would depend on the exact timing and 

components of the programme.  

 

“So yea there were times when I could have done something yes. But now 

it depends on what it was.” [G2QP03] 

 

Some participants described when they felt they might not have been able for an exercise 

programme. This was primarily when significant side effects of treatment were experienced or 

when they felt their stamina was particularly low.  

 

“Em.. I don't know if that would have been on now to be honest with you, 

you know... ‘cos...coming towards the end of the treatment I was finding 

that a bit harder to walk...not a great distance now you know.” [G2QP01] 

“Em maybe not...certainly not during the worst times of it, there 

were...like obviously there’s the day of the chemo itself...that really 

knocked me for six. So I had the very strong symptoms on the day, the 

tingling fingers and the cramps in the legs and all that, the eye difficulties 

and then...so then as the week went on they sort of grew less but then 

the second week like whatever 10, 12 days afterwards for 3 or 4 days I 

was just completely knocked out.” [G2QP03] 
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One participant felt that it would be hard to take on an additional programme on top of the 

activity she tried to maintain herself. 

 

“I don't think I would have been able for it. When I look back at how I 

went through it I don't think I would have been able for any kind of a 

programme other than what I have just been doing.” [G2QP02] 

 

Interest in prehabilitation 

There was a high level of interest in a prehabilitation programme within this study group with 

six out of nine participants stating they would most likely have taken part in such a 

programme, especially if they ‘thought it would help’. Some participants spoke about what 

they considered the benefits of such a programme would be, including motivation or a ‘push’ 

for people to exercise who may not do so independently or to ‘build up’ or prepare, both 

physically and mentally, for surgery.  

 

“I’d have loved a thing like that.” [G2QP09] 

“I think I'd be well up for an exercise programme...even quite a, well I 

won’t say strenuous, but you know.” [G2QP03] 

“Well I'd say it would benefit people, maybe if they did need a bit of a 

push, if they have people around them, you know class wise, one might 

feel down and out in themselves and another might push them along, 

‘come on we'll go and do..’, you know get them up and get them out of 

it...some people are like that and they need that little bit of a push.” 

[G2QP05] 

“Yea anything that could build up strength or mental...physical or 

mental.” [G2QP07] 

 

One participant described the reassurance of exercising in a supervised environment with staff 

who were knowledgeable and where the exercise prescribed was safe and beneficial.  
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“Anything where you can get the help, like if you're in a class or 

something like that and something happens...If something happens when 

you’re there, there's someone there to say to you ‘that's normal’ or ‘oh no 

don't do that then, that's not right’. Where you're not pushing something 

to the boundary that you're not able for because you think you 

should...Anything where you can get the help to do it right...especially 

when you're unwell.” [G2QP07Wife] 

 

In addition to the support provided by healthcare professionals as part of a prehabilitation 

programme, participants discussed the importance of peer support.  Participants felt that 

completing an exercise programme with peers to support and motivate each other would be 

beneficial.  

 

“With people around them, it might be easier for them then to...or rather 

it might be harder just to sit back and that if they have other people 

around them trying to encourage them to get out and 'come on we're 

going, you go, come on with us' and that. So some people need a bit of a 

push like that.” [G2QP05] 

 

One participant discussed the support he had received from another patient during 

neoadjuvant treatment and described how that it had helped him greatly. Therefore the 

perceived advantage of a prehabilitation programme was that it was seen as an opportunity to 

increase peer support in this cohort.  

 

“I met [other patient with oesophageal cancer]...he has a similar situation 

to me and we're helping each other out now...we're in hospital 

together...we're both going through the same thing...so we were 

supportive of each other that way...we kept each other a bit of 

company...it's all important...we helped each other in our own little 

ways.” [G2QP07] 
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In contrast, a small number of participants reported that they would rather do their ‘own 

thing’ and preferred to drive their own recovery and return to habitual activity levels. They felt 

motivated enough themselves to maintain a good level of activity and didn’t need anyone to 

‘push’ them.  

 

“I was literally only able to do what I have just achieved myself, without 

anyone else introducing anything...I think it's up to everyone to get back 

to their own level of activity and do it in their own time and their own 

pace.” [G2QP02] 

“I'd say at this stage...I would like to just go ahead with it myself...I don't 

think that I would get any more benefit out of it being in with a group of 

people.. I don't think I would. I think myself that I'd be motivated enough 

myself to get out and do it.” [G2QP05] 

 

Structure of prehabilitation 

Participants had varied responses regarding the optimal timing for a prehabilitation 

programme. Overall participants felt that they would be able to participate in a programme 

during the pre surgery period but it may be more difficult at certain times when they were 

experiencing treatment side effects. One participant stated he would have felt most able for a 

programme after completion of neoadjuvant treatment.  

 

“Well the last two weeks I would have [been able for it]...well I think I 

would have been anyway.” [G2QP01] 

 

Another participant suggested commencing a programme at a lower intensity during 

treatment with a gradual increase when treatment was finished and while awaiting surgery. 

 

“I could have started maybe very gently while the chemo was going on 

and then maybe got more intense maybe as it came to the end.” 

[G2QP03] 
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One participant felt that an intervention would be more suitable after surgery, when 

treatment was completed and they were on the ‘road to recovery’. 

 

“I think I would be interested post-operatively because with the chemo it 

just completely wipes your system out whereas surgically I feel...I know it 

won't be. I know it's a long road to recovery but at the same time I don't 

think you'll be wiped out...your whole system won't be wiped out as much 

and if I thought it would speed up the road to recovery post surgery I 

would be interested in a programme like that yea.” [G2QP02] 

 

More participants had a preference for a home based programme over a hospital based class 

for a variety of reasons including: not liking the gym, not enjoying exercising in a group setting 

and being ‘told what to do’ and not being able to travel to Dublin for a class.  

 

“Oh I'd prefer to do it on my own...gyms don't appeal to me.” [G2QP01] 

“A programme from home for me, you see I'm so far away.” [G2QP04] 

“I've been self employed, I've worked on my own and all that...and I can't 

come to these classes with people telling you what to do.. I wouldn't put 

up with that, couldn't put up with that.” [G2QP09] 

 

One participant felt a home based walking programme would be the most feasible to maintain 

and incorporate into his lifestyle.  

 

“Well a walking programme would suit me particularly because, not 

because I'm a keen walker but my wife is and we often go for walks or 

that sort of thing but I would keep it up religiously, I am the sort of 

person, I would do, even if I didn't like doing it, I would do it if I had 

undertaken to do it.” [G2QP06] 
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Another participant talked about the benefits of a hospital based class in order to facilitate 

adherence to the programme, particularly for patients with low self-motivation.  

 

“Well for me, just me because of the person I am, a class would be much 

better because if you give it to me you know a list of things to do at home 

I'd go oh yea great and I'll do it the first day and I might do it the second 

day and then the third day forget it! So no I'm not self motivated but yea 

if there was a class I would.” [G2QP03] 

 

One participant who had completed his neoadjuvant treatment as an inpatient felt that his 

stay in hospital would have been an ideal time for an exercise programme to be completed. He 

reported feeling well throughout his treatment and having a lot of free time while in hospital 

and therefore would have benefitted from, and enjoyed an exercise intervention. 

 

“I definitely would have been interested in that, because I sat in that 

hospital bed for 5 weeks with nothing to do. The only thing I could do was 

walk up and down the corridors, the weekends, they'd let me out for a 

few hours and I'd go down to the museums and stuff like that and come 

back. But if you had something like that up there [referring to hospital 

exercise class] just even a basic... something that you could... spend an 

hour in. .you know instead of just sat in that bed.” [G2QP09] 

 

7.5 Discussion 

 

This study has provided a description of the experiences of a cohort of patients with 

oesophageal cancer since commencing their treatment with neoadjuvant chemotherapy and 

radiotherapy. Study 2 in this thesis was also a qualitative exploration of the experiences of 

patients with oesophageal cancer, however it provided a more broad overview of the entire 

treatment and recovery experience. The retrospective account provided by long term survivors 

may not be a good representation of the salient challenges experienced during or immediately 

post treatment (Clarke et al., 2011). Therefore, by carrying out the interviews for this study 
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during active treatment for oesophageal cancer, an in-depth exploration of acute treatment 

effects and experiences was possible. This information is very useful regarding the feasibility of 

interventional programmes in this time period, particularly given the difficulties encountered 

previously with implementing a prehabilitation programme in this research centre (Section 

1.5). The results of this study demonstrate that neoadjuvant treatment had an impact on 

physical functioning in the majority of participants. The findings of this study complement the 

growing body of objective data regarding the physical impact of treatment, and provide a 

more comprehensive overview of the acute treatment experience for patients with 

oesophageal cancer.  

A primary objective of this study was to investigate the impact of a cancer diagnosis and 

neoadjuvant chemotherapy and radiotherapy on physical functioning, from the patients’ 

perspective. In this cohort, the impact of treatment varied, with some reports of ‘sailing 

through’ and other reports of becoming very physically deconditioned during treatment. 

However, treatment did have some impact on the majority of participants, if only temporarily. 

Participants reported decreases in strength and stamina and other physical side effects such as 

sensory problems, low blood pressure and altered bowel movements. For some, the biggest 

physical impact occurred during treatment, while for others it occurred in the initial few weeks 

after neoadjuvant treatment was completed. By the time of interview however, approximately 

one to three weeks pre surgery, the majority of participants were feeling well and had made a 

recovery from the impact and side effects of treatment. These results indicate that while 

treatments such chemotherapy and radiotherapy do have an impact on physical functioning, it 

appears that this impact may be reasonably temporary and self limiting. However it must also 

be considered that getting back to a ‘normal’ level of activity may not be a high or healthy level 

of activity. Some participants in this study reported that they did not exercise frequently pre 

diagnosis and therefore had not experienced significant changes in their activity levels during 

treatment. Consequently, despite reports of returning to ‘normal’, this cohort may still be 

physically deconditioned going in to surgery. Previous studies have shown low fitness levels 

and physical activity levels are common in patients with oesophageal cancer prior to surgery 

(Murray et al., 2007, Feeney et al., 2011, Moyes et al., 2013). Furthermore, low fitness physical 

activity levels in the pre-operative period were demonstrated in patients with oesophageal 

cancer in Study 3 in this thesis.  

Participants’ knowledge of physical activity guidelines and perceptions about their own level of 

physical activity were also explored in this study. Overall, knowledge of physical activity 

guidelines was very poor with none of the study cohort accurately describing the guidelines 
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recommended for health benefits. Despite this, the majority of the study cohort was aware of 

the benefits of exercise, particularly for building up strength and ‘feeling good’. Most study 

participants described themselves as an ‘active person’ and there was a strong sense of 

participants trying to maintain their normal exercise habits e.g. walking regularly, playing golf, 

as much as was possible during treatment. Notwithstanding these efforts, participants did 

report barriers to exercise which they experienced. Both disease specific and more general 

barriers to exercise were described. The primary disease specific barriers were quite unique to 

oesophageal cancer and included concerns regarding weight loss and changes in eating habits. 

For those struggling with maintaining their weight during treatment, a fear of losing more 

weight as a result of exercise was reported as a reason for having consciously reduced their 

activity levels. In addition, those who experienced dysphagia or were on restrictive diets, 

perceived their energy levels to be lower as a result of reduced food intake and therefore 

reported this to have been a barrier to exercise. More general barriers to exercise described 

were for example, not being able to go out for a walk in bad weather. The identification of 

both general and disease specific barriers in this cohort is very useful as it highlights important 

issues to address with any interventional programme.  

Finally, an important objective of this study was to investigate participants’ opinions regarding 

the feasibility of a prehabilitation programme in the pre oesophagectomy time period. An 

encouraging finding was that there was a very high level of interest in prehabilitation in this 

study cohort. A number of participants recognised the potential benefits of a multidisciplinary 

interventional programme and felt that it may be useful as a support and a motivator to 

exercise during treatment. The majority of participants felt that such a programme would be 

feasible in the pre-operative period. However when looking back over their treatment, 

participants did report that their ability to participate would have depended on the timing and 

structure of the programme. Overall participants felt they would have been physically able for 

an intervention of this nature between diagnosis and surgery but cautioned that there were 

certain times when it would have been more difficult to maintain an exercise programme. This 

was primarily when they were particularly fatigued or were experiencing certain treatment 

side effects. A small minority of the study cohort were not interested in a prehabilitation 

programme as they preferred to maintain their own activity levels and drive their own 

recovery. This finding reflects the differences in personalities which could be expected in any 

population.  

Overall it appears that a prehabilitation programme would be feasible in this population as 

participants reported being physically able and interested in participation. This is an interesting 
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finding as it contrasts with the previous experiences of this research group with regards to the 

implementation of a preoperative exercise intervention (Section 1.5). In the preliminary work 

involved in this PhD, recruitment of patients with oesophageal cancer to a prehabilitation 

programme was very poor. The majority of patients approached declined participation as they 

were unable to attend additional hospital appointments or felt they would be unable to take 

on an exercise programme while undergoing treatment. A potential explanation for these 

conflicting findings could relate to timing. When patients were invited to take part in the 

prehabilitation programme, they had just received a diagnosis of cancer and were about to 

commence treatment. Therefore these patients may have been anxious or upset and may have 

felt unable to take on anything else. In contrast, the patients interviewed for this study were a 

few months post diagnosis and had successfully completed their initial treatment. Therefore 

they may have been in a better position to reflect on the potential benefits of an exercise 

programme and express an interest.  

 

7.5.1 Limitations 

There was an unavoidable self selection bias associated with this study as participants were 

required to volunteer to participate. Therefore those who participated may have had a higher 

interest in exercise and activity and consequently the implementation of exercise interventions 

than other patients with oesophageal cancer. In addition, one participant in this study 

completed the interview over the telephone. As described in Section 5.5.1, there is a loss of 

visual cues associated with telephone interviews which may result in the loss of non-verbal 

data, loss of contextual data or the distortion of verbal data.   

It is acknowledged that the sample size of this study was small. However a key characteristic of 

qualitative samples are that they are relatively small in size as this enables an in-depth 

exploration of the phenomena under investigation. Furthermore, numbers don’t necessarily 

guarantee quality in qualitative research; one well placed articulate informant could advance 

research further than a randomly chosen much larger sample. The research question in this 

study was restricted to the investigation of participant experiences over a period of weeks to 

months and therefore was a narrower research question than that of Study 2 in this thesis. In 

Study 2, participants’ experiences of treatment and up to five years of recovery were explored. 

This may explain why data saturation was reached with fewer participants in this study as 

compared to Study 2. During the analysis of the 7th – 9th interview transcripts in this study 

there was no additional data emerging from the data which was found to be developing or 
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changing the properties of the themes and categories. Therefore recruitment was stopped. 

However the concept of ‘data saturation’ is always provisional as there is always the potential 

that a few more participants will add some new property and this is a bias inherently 

associated with all qualitative research of this nature. The sample size of this study is similar to 

others reported in the relevant literature; qualitative research previously carried out in an 

oesophageal cancer population have included sample sizes of five, six, nine and ten 

participants respectively (Missel and Birkelund, 2011, Watt and Whyte, 2003, Hodgson, 2006, 

Olsson et al., 2002). 

The results of this study have provided a useful account of the experiences and opinions of 

patients with oesophageal cancer who met the specific criteria for inclusion (Section 7.3.2), 

and represented the cohort of interest for this research. There are however limitations 

associated with criterion sampling, as outlined in Section 5.5.1, and accordingly these findings 

may not represent the experience of all patients who undergo treatment for oesophageal 

cancer. Further research is warranted to investigate the specific experiences of patients with 

oesophageal cancer who meet different criteria, however this was beyond the scope of this 

study.  

 

7.6 Conclusion  

 

The results of this study demonstrated that physical functioning was affected by a diagnosis of 

and treatment for oesophageal cancer and that this was recognised by patients. In addition 

this study cohort demonstrated a limited knowledge of physical activity guidelines and faced a 

number of general and disease specific barriers to increased exercise and activity during 

treatment. As a result, interventional programmes to increase education and optimise physical 

performance across the cancer continuum are likely to grow in importance in this clinical 

cohort. The feasibility of an interventional programme during treatment was investigated in 

this study and overall it appears that a prehabilition programme would be feasible and 

generally well received in an oesophageal cancer population but may need to be tailored to 

the individual and reasonably flexible in terms of timing, structure and components. The 

potential implications of the findings in this study are discussed in more detail in Chapter 8.  
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Chapter 8 Discussion 

 

8.1 Introduction  

 

Increasing incidence and improved outcomes in oesophageal cancer has resulted in a marked 

increase in the number of people living with and beyond this disease in the past decade. 

Therefore there is a need for a more comprehensive understanding of the outcomes of 

oesophageal cancer and its treatment, beyond post-operative morbidity, mortality and survival 

rates. In recent years there has been a steady increase in research examining HRQOL in this 

cohort. Physical functioning is a component of HRQOL which has been shown to be particularly 

affected by cancer and its treatment. While patients with cancer experience losses in all 

functional domains, it has been shown that their losses are often most profound in the area of 

physical functioning (Hewitt et al., 2003) and that a leading cause of emotional distress in 

cancer survivors is physical disability (Silver et al., 2013). Therefore, optimising physical 

functioning in any cancer cohort is important.  

While physical functioning has been extensively investigated in cancers such as breast and 

colorectal there is a paucity of evidence regarding physical functioning across the oesophageal 

cancer continuum. The systematic review in Chapter 1 demonstrated that, to date, physical 

functioning has predominantly been subjectively reported as a subscale of a HRQOL 

questionnaire. These questionnaire subscales provide very basic information relating to the 

ability to take a short or long walk, needing to rest, the presence of activity limitations, the 

ability to carry out activities of daily living and the ability to complete self care activities.  

Therefore data from these studies are quite limited in the extent to which they can 

comprehensively describe the physical performance and functioning of this cohort. 

Furthermore, due to the discrepancies often identified between subjective perception of 

health and objective measurement of health outcomes, there is a need for objective measures 

of physical performance to complement the HRQOL data available, particularly for the 

purposes of informing specific rehabilitation strategies in this cohort. In other cancer 

populations, objective measurements of physical functioning have resulted in a greater 

understanding of the physical needs of survivors. In recent years a small number of studies 

have emerged which have objectively measured the acute effect of treatment for oesophageal 

cancer on strength and fitness levels. These studies are summarised in the systematic review in 

Chapter 1 and provide useful initial data on this under researched group.  
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Overall the results of the systematic review in Chapter 1 revealed the predominantly negative 

effect oesophageal cancer treatment has on both subjectively and objectively measured 

physical functioning in the initial weeks and months post treatment. However, results from 

these studies were varied with regards to the recovery of subjectively reported physical 

functioning to baseline levels into longer term survivorship. To date there have been no 

studies examining the long term impact of treatment on objectively measured physical 

functioning. The current paucity of literature comprehensively describing physical functioning 

in an oesophageal cancer population highlighted the need for further research in this complex 

clinical cohort. The improving survival rates associated with this disease have lead to a growing 

clinical cohort about which very little is known. This is a cohort who has changed over recent 

decades as a result of the ongoing improvements in treatments. Therefore in order to optimise 

outcomes in this group, it is necessary to investigate their current functioning and needs.  

The aim of this thesis was to comprehensively describe the physical functioning and needs of 

oesophageal cancer patients across the cancer continuum. This thesis had a mixed methods 

approach which involved the collection of both quantitative and qualitative data. This 

approach provides a better understanding of this group than would be achieved through either 

quantitative or qualitative investigation alone. While the studies in this thesis were individual 

and designed independently of each other, there is opportunity for the triangulation of 

findings in the discussion of the thesis in its entirety. Triangulation refers to the use of more 

than one approach to the investigation of a research question in order to enhance confidence 

in the ensuing findings. The rationale behind triangulation is that it helps overcome the 

deficiencies that are inherent in one method (Denzin, 1970). When more than one method is 

used and there is convergence, confidence in the results grows considerably. The gathering of 

both quantitative and qualitative data has provided an in-depth, specific, quantifiable and 

contextualised picture of this growing clinical cohort. The key points which emerged from the 

four studies in this thesis are outlined in the following sections.  

 

8.2 Analysis of key points 

8.2.1 Impact of oesophageal cancer and its treatment on physical functioning  

In Study 1 in this thesis, survivors of oesophageal cancer (11 - 36 months post surgery) 

demonstrated significantly lower fitness and physical activity levels than their age and gender 

matched counterparts with no history of cancer. To the authors knowledge, this was the first 
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study to objectively measure physical functioning into longer term survivorship and compare 

results to those measured in non cancer controls. The systematic review in Chapter 1 revealed 

the inconsistencies in the current literature regarding the long term recovery of physical 

functioning after successful completion of treatment for oesophageal cancer. Therefore the 

results of Study 1 have provided very useful information about this cohort. Low fitness levels in 

survivors of oesophageal cancer were revealed by the poorer performance of this group in the 

ISWT as compared to controls.  In addition, while the cancer cohort were comparable to the 

control group in terms of time spent sedentary and engaged in light intensity activity, they 

spent significantly less time engaged in moderate and vigorous intensity activity. Therefore the 

majority were not meeting the physical activity guidelines recommended for health benefits in 

cancer survivors (Schmitz et al., 2010). HRQOL was also measured in this study and the results 

complemented the objective measures of physical performance, with the cancer cohort 

reporting significantly lower scores than controls on the physical functioning subscale. The 

poor physical functioning observed in the months and years post completion of treatment 

highlighted the importance of continued investigation into the factors associated with physical 

functioning across the cancer continuum in this group. The deleterious physical impact of 

complex treatment for oesophageal cancer is likely a factor in the suboptimal physical 

functioning observed.  However due to the cross sectional nature of the study, a direct cause 

effect relationship between cancer treatment and the poor fitness and physical activity levels 

in this group could not be established. Therefore the subsequent studies in this thesis aimed to 

further elucidate on this matter. 

The second study in this thesis, Study 2, involved a qualitative exploration of the impact of 

treatment on physical functioning from the perspectives of survivors who were one to five 

years post surgery. These results provided a richer description of the impact of treatment on 

physical functioning which added to the findings of Study 1. Physical changes and side effects 

of treatment which had been experienced by participants across the cancer continuum were 

discussed. The physical changes and side effects reported included: reduced strength and 

fitness levels, changes in body composition, pain, musculoskeletal and sensory issues and 

gastrointestinal issues. Participants described how these physical changes had a negative 

impact on their physical functioning and had led to a reduction in regular physical activity 

levels and exercise. Accordingly these results provide more context and understanding 

regarding the low fitness and physical activity levels objectively measured in Study 1.  

In order to investigate when changes in physical functioning may occur across the cancer 

continuum, Study 3 prospectively measured the acute impact of multimodal treatment on 
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physical performance in patients undergoing curative treatment for oesophageal cancer. The 

preliminary results from this ongoing study suggest that fitness, HGS and physical activity 

levels remain the same during neoadjuvant treatment. However a significant loss of hand grip 

strength was observed in participants four weeks post oesophagectomy as compared to 

baseline measures. Similarly, a clinically meaningful decrease in fitness levels was observed 

from pre surgery to four weeks post surgery. In addition, this study recorded low physical 

activity levels across the study period; at diagnosis, post neoadjuvant treatment and four 

weeks post surgery. Overall this study demonstrated that treatment for oesophageal cancer 

had an adverse effect on physical functioning.  

The final study in this thesis, Study 4, qualitatively explored the patients’ perspectives on their 

physical functioning from diagnosis and throughout their neoadjuvant treatment. This study 

gave a more in-depth evaluation of the impact of chemotherapy and radiotherapy on physical 

functioning and revealed that for most participants, neoadjuvant treatment did have some 

physical impact. Participants reported decreases in strength and stamina and other physical 

side effects such as low blood pressure, sensory problems and altered bowel movements. 

However the majority of the participants in this study reported that the physical impact of 

neoadjuvant treatment was reasonably temporary and self limiting. Most participants stated 

that they were able to build their strength and fitness levels back up in the weeks following the 

completion of neoadjuvant treatment, and felt almost back to normal at two to three weeks 

pre surgery. This finding is complemented by the objective data in Study 3 where strength, 

fitness and physical activity levels remained the same at diagnosis and post neoadjuvant 

treatment.   

The thorough quantitative and qualitative investigation of the impact of oesophageal cancer 

on physical functioning in this thesis has demonstrated that physical performance is affected 

to varying degrees across the cancer continuum, from diagnosis up to five years post surgery. 

The results of the studies in this thesis would suggest that oesophagectomy has a marked 

adverse impact on physical functioning but that chemotherapy and radiotherapy have a lesser 

impact. This is unsurprising given the complexity of oesophageal resection and the high 

morbidity rates associated with this surgery (Section 1.1.6). Overall, it is of concern that 

suboptimal physical performance in the form of decreased strength, fitness and physical 

activity levels, is prevalent in patients with oesophageal cancer from diagnosis up to five years 

post completion of treatment. These findings are similar to other cancer populations 

(Broderick et al., 2014a, Jones et al., 2008b, Sanchez-Jiminez et al., 2014, Lynch et al., 2010, 

Lynch et al., 2011) and put this group at increased risk of disability and activity limitation, in 
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addition to decreased QOL, particularly in the domain of physical functioning. These results 

highlight the need for targeted exercise interventions in this group with the aim of optimising 

physical functioning both during and after treatment for oesophageal cancer. This is discussed 

further in Section 8.2.4.  

 

8.2.2 Physical activity and exercise across the oeosphageal cancer continuum 

It is well established that physical activity and exercise can improve QOL for cancer patients 

both during treatment and into survivorship (Mishra et al., 2012a, Mishra et al., 2012b). 

Furthermore physical activity has been shown to reduce symptoms and treatment side effects, 

and to expedite recovery in patients with cancer (Schmitz et al., 2010, Courneya, 2003). 

Despite the growing body of evidence regarding the important role of physical activity in other 

cancers, very little is known about activity and exercise in an oesophageal cancer population. 

An aim of this thesis was to determine physical activity levels in survivors of oesophageal 

cancer and to explore perceptions and knowledge regarding physical activity and exercise in 

this group. In addition, barriers and facilitators to exercise and optimal physical activity were 

investigated.   

The habitual physical activity levels of people with oesophageal cancer were measured 

objectively both during treatment (Study 3) and after completion of treatment (Study 1). The 

benefits of the objective measurement of physical activity levels over subjective reporting 

were outlined in Chapter 2 (Section 2.3.3.1) and therefore the results of these studies have 

provided very novel and informative data on this cohort. As discussed in Section 8.2.1, the 

results of the studies in this thesis revealed low physical activity levels are prevalent 

throughout treatment and recovery in an oesophageal cancer population. The vast majority of 

participants were not meeting physical activity guidelines for health benefits either during 

treatment (Study 3) or into longer term survivorship (Study 1). Furthermore both study cohorts 

spent the majority of their time engaged in sedentary behaviour (57% in Study 1 and from 65% 

- 75% in Study 3). These findings are similar to recent studies which have objectively measured 

habitual physical activity levels in survivors of breast and prostate cancer and reported high 

sedentary behaviour and poor adherence to physical activity guidelines in these cohorts 

(Broderick et al., 2014a, Lynch et al., 2010, Lynch et al., 2011). However, low physical activity 

levels are also common in healthy normal populations. Only 41% of Irish adults take part in 

regular moderate or vigorous intensity activity (Morgan et al., 2008). Often survivors of cancer 

are no more inactive than the normal population (Broderick et al., 2014a, Neil et al., 2014). 
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Therefore the significantly lower physical activity levels observed in the cancer cohort as 

compared to controls in Study 1 highlights the particularly poor physical activity levels in an 

oesophageal cancer population, perhaps as a result of the complexity of this specific cancer 

type and its treatment.  

The suboptimal physical activity levels observed in this cohort could be due to a number of 

factors, some of which were explored in this thesis. Prior to their diagnosis, this population 

may have already demonstrated low physical activity levels. Physical inactivity has been shown 

to be a risk factor for developing oesophageal and numerous other cancers (Kushi et al., 2012, 

Behrens et al., 2014). In Study 3, physical activity levels measured at diagnosis were low. 

However, as pre diagnosis activity levels were not measured it was not possible to determine 

whether this level of activity was normal for this group. At the time of measurement this 

cohort had recently received a diagnosis of cancer and patients were due to commence 

treatment. Both of these factors may have caused a change from the participants’ usual 

physical activity routine.  

Physical activity levels and exercise habits may have been reduced as a result of a cancer 

diagnosis and treatment. This has previously been shown in a breast and colorectal cancer 

populations (Irwin et al., 2003, Courneya and Friedenreich, 1997, Demark-Wahnefried et al., 

1997) and the results of the studies in this thesis support this hypothesis. Participants reported 

changes in their physical activity and exercise habits as a result of their diagnosis and 

treatment, both during treatment (Study 4) and into longer term survivorship (Study 2). These 

changes generally involved a reduction in habitual physical activity levels such as walking 

shorter distances or less regularly. Some longer term survivors in Study 2 spoke about hobbies 

such as golf or handball which they had given up since their diagnosis. Similarly some 

participants, who were currently receiving treatment (Study 4), reported giving up hobbies 

such as golf during chemotherapy due to reduced stamina levels. The prospective 

measurement of physical activity levels during and shortly after treatment in Study 3 

demonstrated a noticeable drop in physical activity levels from pre to post surgery, further 

indicating the negative impact of cancer treatment, particularly surgery, on physical activity 

levels.  

Other factors which may contribute to low activity levels could be a lack of knowledge 

regarding the amount of exercise and physical activity which is recommended for health 

benefits or concerns regarding the safety of exercise both during and after cancer treatment. 

These factors are explored further in Section 8.2.2.2. Finally, in order to investigate any other 

potential causes for low physical activity levels in this cohort, any barriers or facilitators to 
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exercise and activity from the patients’ perspectives were explored in Study 2 and Study 4. 

These are outlined in the following section.  

 

8.2.2.1 Barriers and facilitators to physical activity and exercise  

Understanding and addressing barriers to physical activity is important in enabling cancer 

survivors to be physically active. It is particularly important to understand the unique barriers 

faced by any clinical cohort when developing exercise interventions, so that they can be taken 

into account and potentially addressed by the healthcare professional prescribing the exercise 

(Fisher et al., 2015). There is a body of evidence available regarding barriers to exercise in 

cancer survivors, however these studies are primarily in a breast cancer population and are 

frequently carried out using surveys or checklists. The disadvantage of using checklists of 

potential barriers hypothesised by the researchers is that other barriers relevant to the 

participants, and not considered by researchers, may be missed. Therefore a qualitative 

methodology has been recommended as a better way to explore all potential barriers to 

physical activity in cancer populations (Lynch et al., 2010b).  

The qualitative studies included in this thesis provided an opportunity to explore some of the 

barriers and facilitators to exercise and optimal physical activity levels in an oesophageal 

cancer population. Barriers and facilitators to exercise and activity were discussed with 

participants both during treatment (Study 4) and into survivorship (Study 2). Both general and 

disease specific barriers and facilitators to exercise were discussed in these studies and there 

were a number of common findings.  

Some barriers described were unique to the physiology and pathology of oesophageal cancer. 

These particularly related to weight loss and changes in eating habits. Body weight was 

identified as a barrier to exercise for two distinct reasons. Firstly, as shown in Study 1, long 

term survivors of oesophageal cancer are generally a relatively healthy weight. Participants 

interviewed one to five years post completion of treatment (Study 2) who were at a healthy 

weight reported that they did not see the need for exercise as they were not overweight or 

obese. For them, exercise was viewed primarily as a means to lose weight and therefore was 

not seen as necessary when they were maintaining a healthy weight. Secondly, patients at any 

stage of the cancer continuum (Study 2 and Study 4) who were actively concerned about 

weight loss reported consciously avoiding physical activity and exercise in case it induced 

further weight loss. Some participants perceived the maintenance of their weight to be more 

important than being more physically active. Changed eating habits and reduced food intake 
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were also reported as barriers to exercise both during (Study 4) and long after the completion 

of treatment (Study 4). As people were eating less, they felt they lacked sufficient energy levels 

for increased physical activity. Correspondingly, eating well, reduced dysphagia or returning to 

more normal eating habits were all cited as an important facilitators to exercise. 

In addition to the barriers specific to oesophageal cancer, barriers which are common to a 

number of cancers were discussed. Commonly reported barriers to exercise in breast and 

colorectal cancer populations include treatment side effects and fatigue (Hefferon et al., 2013, 

Fisher et al., 2015, Courneya et al., 2005, Lynch et al., 2010b). Similar findings were reported in 

Study 2 in this thesis, where long term survivors of oesophageal cancer reported that they 

found reduced stamina and fitness levels post diagnosis and physical side effects of treatment, 

such as pain and altered bowel habits, to be significant barriers to exercise and optimal 

physical activity. In addition, some participants in Study 2 reported having a fear or reluctance 

to ‘push themselves’ or to exercise at a moderate or high intensity. This is an interesting 

finding and could reflect a lack of education and awareness around the role, safety and 

benefits of exercise in this population. Similarly, a study by Jones and Courneya (2002) found 

that 56% of cancer survivors preferred to exercise at a moderate rather than a high intensity. 

More general barriers to exercise were also mentioned in both qualitative studies and included 

ageing, a lack of interest, ‘laziness’ and bad weather. These barriers are also frequently 

mentioned in the literature in both cancer and non cancer cohorts (Ottenbacher et al., 2011). 

The knowledge of general and disease specific barriers to exercise in survivors of oesophageal 

cancer is extremely useful. Once specific barriers have been identified, they can be targeted as 

part of clinical care and exercise and educational interventions. Potential strategies to address 

some of these barriers are discussed in Section 8.2.4.  

The facilitators to exercise described in Study 2 and Study 4 were mainly related to personal 

attributes of participants and highlight the importance of personality and attitude with regards 

to exercise and activity. Some other facilitators discussed include: goal setting, building 

exercise up slowly, eating normally, making exercise a habit and the use of exercise 

equipment. As the participants themselves reported that these methods were useful to 

promote exercise and activity in their lives, it is important to take them into account when 

developing interventions. These strategies could be incorporated into exercise programmes in 

this cohort in order to potentially increase adherence.   
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8.2.2.2 Knowledge and understanding regarding physical activity and exercise 

In order to get a sense of the knowledge and understanding of this cohort with regards to 

physical activity and exercise, participants were asked about their awareness and knowledge 

of physical activity guidelines and what they perceived the benefits of exercise to be. None of 

the participants interviewed during treatment (Study 4) or after completion of treatment 

(Study 2) could accurately describe the correct physical activity guidelines recommended for 

health benefits. Over 80% of participants in Study 2 and 78% of participants in Study 4 

reported that they had never heard of physical activity guidelines. Of the few who were aware 

of the existence of activity guidelines, none knew exactly what they are. This finding, while 

noteworthy, is not completely surprising, as it has been shown that the general public have a 

very poor knowledge of physical activity guidelines. Recent studies carried out in the UK and 

Northern Ireland revealed that, despite the efforts of public health promotion, only 18% and 

8.4% of the respective study populations could accurately recount the physical activity 

guidelines (Knox et al., 2013, Hunter et al., 2014). However as patients with cancer have 

extensive contact with healthcare professionals over the course of their treatment and 

recovery, this could be an opportunity to increase awareness of activity guidelines in this 

group. While knowledge alone is unlikely to stimulate a behaviour change, individuals are 

unlikely to change their behaviour unless they become aware that their behaviours are not 

optimal (Snyder, 2007). The combination of qualitative and quantitative studies in this thesis 

has provided a greater understanding of the potential link between knowledge and behaviour. 

The majority of participants interviewed both during and up to 5 years after treatment had 

poor knowledge and awareness of physical activity guidelines (Study 2 and Study 4).  When 

physical activity levels were measured at these time points (Study 1 and Study 3), over 70% of 

participants were not exercising to physical activity guidelines. Therefore it could be 

suggested, based on the literature, that increased education in this cohort could play a role in 

improving physical activity levels. In a study by Hefferon et al., (2013) breast cancer patients 

reported that if they felt exercise had been part of their ‘prescribed recovery programme’ they 

would have been more likely to engage with it.  

Physiotherapists as exercise specialists are ideally placed to increase education and awareness 

regarding physical activity and therefore may need to play a larger role in this area in future. 

There is evidence to suggest that patients would be amenable to receiving information 

regarding exercise from health care professionals. Interests and preferences for exercise 

counselling have been explored previously in a cancer population and it has been reported 

that 76% - 84% of cancer survivors were interested in receiving exercise counselling at some 
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point throughout their cancer experience (Jones and Courneya, 2002, Gjerset et al., 2011). In 

terms of timing, one study found that survivors would have preferred exercise counselling 

prior to treatment (Jones and Courneya, 2002) while in another study participants reported a 

preference for immediately after treatment (Gjerset et al., 2011). It is likely that the ideal 

timing for exercise counselling will vary depending on the cancer diagnosis, treatment plan and 

personal attributes of the patient. More research is warranted regarding the optimal timing of 

exercise counselling in an oesophageal cancer population, particularly given the complexity of 

the disease.  

An encouraging finding in this thesis was that the majority of participants interviewed in Study 

2 and Study 4 were aware that exercise is beneficial. Benefits of exercise discussed included 

‘feeling good’ and improved fitness and strength levels. These are similar to the benefits of 

exercise cited by other cohorts of cancer survivors in previous research (Craike et al., 2013, 

Fisher et al., 2015). These findings are expected as these are most likely the benefits of 

exercise commonly perceived in any population. However, it is worth noting that some 

participants were not aware of the wider ranging benefits of exercise beyond improving 

strength and fitness and maintaining a healthy body weight. An important barrier to exercise 

identified in this specific population was the relationship between exercise and weight loss, in 

particular the fact that participants did not need to lose weight and therefore felt they did not 

need to exercise (Section 8.2.2.1). In Study 1, longer term survivors of oesophageal cancer 

exhibited a relatively healthy body composition but also low fitness and physical activity levels. 

Another noteworthy belief about exercise was highlighted in Study 4 where one participant 

spoke about the beneficial effect of exercise for improving cancer related fatigue which he 

perceived to be very counterintuitive. Similarly, despite the substantial evidence regarding the 

benefits of exercise for cancer related fatigue (Cramp and Byron-Daniel, 2012), a study by 

Fisher and colleagues (2015), found that only 7% of colorectal cancer patients suggested that 

physical activity may be beneficial in reducing tiredness or increasing energy levels. Since 

fatigue is commonly reported as a significant barrier to exercise, these findings suggest that 

cancer survivors may be in a vicious cycle of becoming less active and more fatigued as a result 

of cancer treatments and this then presents as a primary barrier to increasing activity levels. 

Therefore it is clear that education regarding the need for and wide ranging benefits of 

exercise is hugely important in any cancer population. Of particular importance in this 

population, given the high prevalence of sarcopenia and cachexia, would be education 

regarding the benefits of exercise for building up muscle mass.  
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8.2.2.3 Subjective perceptions of activity versus objective measurement of activity 

The mixture of qualitative and quantitative investigation in this thesis has highlighted the 

potential discrepancy between subjective perceptions of being ‘active’ and meeting physical 

activity guidelines or exercising regularly at a moderate or high intensity. Physical limitations 

and reduced activity and exercise levels were reported by participants both undergoing active 

treatment and into survivorship (Study 2 and Study 4). This was reflected in the objective 

measures of physical performance in these cohorts which revealed low strength, fitness and 

physical activity levels (Study 1 and Study 3). Despite this, the vast majority of participants in 

both Study 2 and Study 4 described themselves as an ‘active person’. In this particular cohort, 

it appears descriptions of being ‘active’ most likely relate to completing normal household 

tasks and maintaining a relatively normal lifestyle. A similar finding was reported by Lynch et 

al., (2010b) in survivors of colorectal cancer, where a significant barrier to exercise in that 

group was the fact that participants believed they were already doing enough physical activity, 

however only 33% the study cohort were meeting physical activity guidelines.  

Furthermore, while participants answered questions about exercise and activity, they were 

more likely to talk spontaneously about eating changes, weight changes and the emotional 

impact of cancer. All participants interviewed both during or at least one year after treatment 

(Study 2 and Study 4) were very positive overall when discussing their treatment and recovery. 

Therefore while they reported physical and lifestyle changes, these did not appear to be a 

primary concern. This finding is similar to the HRQOL results of participants who had 

completed their treatment at least 11 months previously in Study 1, where the overall QOL 

score for the cancer survivors was high and similar to controls, despite a significantly lower 

score for the physical functioning subscale. These findings highlight the fact that survivors of 

oesophageal cancer may not be aware of, or concerned about, their physical functioning. 

Subjective perceptions and reporting of being an ‘active person’ may mask underlying 

compromise in strength, fitness and activity levels.  

Healthcare professionals may also perceive patients to be more active than they are. This was 

shown in a study by Broderick et al., (2014a) where there was low correlation observed 

between physician assigned Eastern Cooperative Oncology Group (ECOG) performance status 

scores and objectively measured physical activity levels in patients with cancer. When 

assigning performance status scores, health care professionals may classify patients as ‘fully 

active’ when it fact they are quite sedentary. The authors argued that assigning a top score of 

0 or ‘fully active’ may reflect what a patient could potentially do, as opposed to what they are 

actually doing. In modern society it is relatively easy to participate fully in activities of daily 
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living while being habitually inactive (Broderick et al., 2014a). Therefore the participants in this 

thesis may have been fully functioning in daily life with no major limitations in activities of 

daily living and would therefore describe themselves as an active person when they are 

habitually sedentary. 

 

8.2.3 The relationship between food intake, body weight and exercise in 
oesophageal cancer  

A strong theme emerging from the studies in this thesis was the importance of the relationship 

between food intake, body weight and exercise throughout treatment and recovery for people 

with oesophageal cancer. Symptoms such as anorexia, dysphagia and malnutrition are 

frequently experienced by patients with oesophageal cancer. In addition oesophageal cancer is 

associated with a particularly high prevalence of weight loss, sarcopenia and cachexia. 

Furthermore following oesophagectomy patients must adapt to profound physical changes 

that affect a major bodily function and eating habits can be affected long into survivorship. The 

research in this thesis aimed to investigate changes in body composition and eating habits and 

examine how they may impact on physical functioning. 

In Study 1, survivors of oesophageal cancer demonstrated relatively healthy body weight and 

BMI measurements which were comparable to non cancer controls. This differs from other 

cancer cohorts such as breast cancer survivors who often present as overweight or obese in 

the months and years after treatment (Vance et al., 2011). While obesity is a risk factor for 

developing oesophageal cancer, these relatively healthy body weight and BMI measurements 

may be due to the weight loss experienced by this cohort during and after treatment. The 

medical record review in Study 1 provided an overview of the changes in body composition 

experienced by patients with oesophageal cancer from diagnosis, throughout treatment and 

recovery and into longer term survivorship. The study cohort exhibited a decrease in body 

weight and BMI at one, three and six months post-operatively with body weight continuing to 

be decreased up to three years post surgery. These findings support previous research which 

has shown that nearly two-thirds of survivors of oesophageal cancer lose at least 10% of their 

preoperative BMI (Martin et al., 2007) and 54% lose more than 10% of their body weight 

(D'Journo et al., 2012) during the first six months post-operatively. It has also been shown that 

weight loss is protracted after oesophagectomy and can continue up to three years post-

operatively (Martin and Lagergren, 2009). Similarly, the prospective measurement of body 

weight and BMI during treatment in Study 3 demonstrated mean decreases in body weight 
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and BMI after both neoadjuvant treatment and surgery. The changes in body composition 

measured in Study 1 and 3 were reflected in Study 2 and 4 where the majority of participants 

reported experiencing significant weight loss at some point in their cancer journey. 

The presence of sarcopenia in patients receiving curative treatment for oesophageal cancer 

was also investigated in Study 1. The review of available CT scans in this group revealed a loss 

of fat free mass during their treatment. Over 30% of the total study cohort was classified as 

sarcopenic prior to surgery. This figure is higher than would be expected in the general 

population where the prevalence of sarcopenia is approximately 13% in people under the age 

of 70 and 19-26% in people aged 70-80 (Baumgartner et al., 1998). For the patients in Study 1 

who underwent neoadjuvant therapy the number of patients who were sarcopenic doubled 

from before to after this treatment. These figures are similar to the findings of recent studies 

in oesophageal cancer populations where the number of patients classified as sarcopenic 

increased by 24% (Awad et al., 2012) and 17% (Yip et al., 2014) from pre to post neoadjuvant 

chemotherapy. Sarcopenia is associated with reduced strength, physical performance and 

exercise capacity (Prado et al., 2008, Collins et al., 2014). Therefore the evidence of extensive 

weight loss and sarcopenia during treatment in patients with oesophageal cancer must be 

considered in the context of the suboptimal physical functioning observed across the cancer 

continuum in this cohort.  

In patients with cancer, changes in body weight can indicate the progress of disease or the 

process of recovery and weight loss can be ascribed different meanings according to the point 

on the pathway at which it occurs (Wainwright et al., 2007). For patients with oesophageal 

cancer there may be incentives beyond physical appearance and performance to maintain, 

increase or lose body weight. Therefore when planning exercise interventions in this cohort it 

is important to consider the patients’ perspective on the relationship between food intake, 

body weight and physical activity. The qualitative studies in this thesis provided an opportunity 

to do this. As described in Section 8.2.2.1, concerns and beliefs regarding body weight were 

identified as important barriers to physical activity and exercise in patients with oesophageal 

cancer both during and after treatment (Study 2 and Study 4). Changed eating habits and 

reduced food intake were also reported as barriers to exercise in these studies while reduced 

dysphagia or returning to more normal eating habits were mentioned as important facilitators 

to exercise. It is clear from the results of the qualitative studies that body weight and eating 

habits play an important role in the lives of people with oesophageal cancer and can have a 

considerable effect on physical functioning. This highlights the important of addressing these 

issues with any exercise intervention in this clinical cohort.  
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8.2.4 Exercise interventions in oesophageal cancer  

The findings of the studies in this thesis have demonstrated the adverse effect oesophageal 

cancer and its treatment can have on physical functioning across the cancer continuum. As 

discussed in Chapter 1 (Section 1.4), physiotherapy can play an important role to ameliorate 

the negative impact of treatment on physical functioning particularly through the 

implementation of exercise based interventions such as prehabilitation and rehabilitation 

programmes. Prehabilitation and rehabilitation programmes provide an opportunity to 

optimise health and function at every step along the cancer care continuum and it has been 

recommended that these programmes become an integral and continuous part of cancer care 

(Hellbom et al., 2011). However, prehabilitation and rehabilitation needs can vary considerably 

between different cancer cohorts. Therefore there is a need to investigate the specific needs 

of each cancer group in order to design evidence based and targeted interventional 

programmes. To date, there has been a paucity of evidence regarding the physical functioning 

of patients with oesophageal cancer specifically. Therefore there has been a lack of data to 

inform the setting up of interventional programmes in this group. The studies in this thesis 

have made a valuable contribution to the evidence regarding physical functioning and 

oesophageal cancer and have provided an overview of the specific prehabiltative and 

rehabilitative needs of this cohort.  

 

Prehabilitation 

The process of enhancing the functional capacity of the individual to enable him/her to 

withstand an upcoming stressor has been termed ‘prehabilitation’ (Section 1.4).  

Prehabilitation programmes are increasingly being introduced in a number of surgical 

populations in order to optimise outcomes. For example prehabilition programmes are 

commonly used in orthopaedic patients in order to optimise strength and fitness prior to joint 

replacement surgeries (Ditmyer et al., 2002). In addition, recent studies have implemented 

prehabilition programmes in lung and colorectal cancer populations (Jones et al., 2007, Carli et 

al., 2010, West et al., 2015). The studies in this thesis highlighted the indications for and 

potential benefits of prehabilitation programmes in an oesophageal cancer population. 

The prospective study examining the modifiers of physical performance during treatment for 

oesophageal cancer (Study 3) revealed suboptimal fitness and physical activity levels in this 

cohort in the preoperative period. While strength, fitness and physical activity levels were not 

significantly affected by chemotherapy and radiotherapy in this study, these measures were 
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already low at diagnosis. As a result, this cohort may be an increased risk of post-operative 

complications. Suboptimal physical fitness is associated with poorer outcomes following major 

surgery; it has been established that less fit patients have a greater risk of complications and 

death (Jack et al., 2011). Survivors of major surgery and critical illness tend to have a higher 

cardiac index, oxygen delivery and oxygen consumption than non survivors (Davies and Wilson, 

2004). In an oesophageal cancer specific population, a recent study found that those who 

developed a PPC were significantly less active preoperatively than those who did not (Feeney 

et al., 2011). Furthermore it has been suggested that increasing inspiratory muscle strength 

prior to surgery may reduce PPCs (Inoue et al., 2013). Given that PPCs and cardiac 

complications are particular threats to patients recovering from oesophageal surgery, an 

intervention that would improve strength, physical activity and fitness pre-operatively may 

positively influence these complications. Accordingly it could be recommended that any 

preoperative exercise intervention targets these aspects of physical performance in this 

cohort.  

Due to the potential difficulties involved in setting up a programme of this nature (Section 1.5), 

patients with oesophageal cancer were interviewed during the pre-operative period (Study 4) 

in order to assess the feasibility of a prehabilitation programme from the patients’ perspective. 

The results of this study were encouraging; two thirds of those interviewed reported that they 

would have been interested in participating in such a programme and felt that it would have 

been beneficial. In terms of the feasibility of a prehabilitation programme, most participants 

felt that they would have been physically able to complete at a programme at some point in 

the preoperative period. 

While the results overall indicated that a programme would be feasible between diagnosis and 

surgery, an important finding of this study was that the side effects of neoadjuvant treatment 

were experienced to varying degrees and at different times by participants during this period. 

While some participants reported the greatest treatment side effects occurred during 

neoadjuvant treatment, others reported that they only experienced side effects once 

treatment had been completed. This finding is important as some participants reported that 

when they were particularly affected by treatment side effects they would not have been able 

to complete an exercise intervention. Therefore the timing of a prehabilitation programme in 

this population is a key consideration. The findings of Study 3 in this thesis could not identify 

an optimum time-point for a prehabiliaton programme from the patients’ perspectives. 

Therefore timing of interventions may have to be varied according to a patient’s response to 

therapy.  
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Study 1 in this thesis, in agreement to other literature (Yip et al., 2014, Awad et al., 2012), has 

shown the high prevalence of sarcopenia in patients with oesophageal cancer. Therefore an 

important aim of any interventional programme would be to optimise body composition and 

increase muscle strength. This is particularly important as sarcopenia is associated with 

increased morbidity both during and after treatment for oesophegeal cancer. Sarcopenia has 

been shown to be a significant predictor of dose-limiting toxicity in patients undergoing 

neoadjuvant chemotherapy (Tan et al., 2015). In addition sarcopenia has been identified as a 

potential risk factor for increased risk of PPCs after oesophagectomy (Ida et al., 2015). Finally 

sarcopenia has been associated with a poorer prognosis after treatment for oesophageal 

cancer, in those without lymph node involvement (Harada et al., 2015). It is well established 

that exercise, particularly resistance exercise, is very effective for eliciting increases in both 

strength and lean body mass (Peterson and Gordon, 2011). Therefore resistance training 

would be an important element of a prehabilitation programme in this cohort to target 

sarcopenia.  

As shown in Study 4, none of the participants interviewed in the preoperative period could 

accurately describe physical activity guidelines and had limited knowledge of the wide ranging 

benefits of exercise. Education regarding these topics may increase engagement and 

adherence to exercise programmes and therefore should be incorporated into any 

prehabilitation programme.  

Prehabilitation could be implemented as a home exercise programme or as a hospital based 

class. Participants currently receiving treatment in Study 4 were asked what their preference 

for the location of a rehabilitation programme would be. The majority reported that they 

would prefer a home exercise programme as opposed to a hospital based class. Personal 

reasons and location were the primary reasons for a preference for a home based programme. 

These results demonstrate that, while some patients do prefer the support and motivation to 

exercise that a supervised group setting provides, interventional programmes in the form of an 

exercise class may not suit all. Therefore it could be recommended that a home exercise 

programme may be available as a valuable alternative to an exercise class, particularly for 

patients living a significant distance from the hospital. An interesting suggestion from a 

participant in Study 4 was that a prehabilitation programme may be beneficial for those 

receiving neoadjuvant treatment as an inpatient. As these patients are based in the hospital 

for a number of weeks, this could be a prime opportunity to implement a regular exercise class 

under the supervision of local physiotherapists. 
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The components of a proposed prehabiltation programme with suggestions for frequency, 

intensity, time and type are summarised in Table 8.1. 

 

Table 8.1 Components of proposed prehabilitation programme 

Frequency 
 

 3 - 6 sessions per week.  

 Tailored to patients response to therapy**  
 

Intensity 
 

 Light (30-39% HRR) – moderate intensity (40-59% HRR) exercise  

 Progressive  

 Tailored to patients response to therapy** 
 

Type 
 

 Aerobic exercise 

 Resistance training 

 Dietary advice and support  

 Education sessions 

 Option of supervised and home based programmes.  
 

Time 
 

 20 - 60 minutes per session 

 2 - 12 week programme prior to progression to surgery 

 During and/or after neoadjuvant treatment  
 

 ** important consideration. Abbreviation: HRR heart rate reserve. 

 

Rehabilitation 

Rehabilitation involves preventing and addressing the late and long-term effects of cancer and 

its treatment (Section 1.5). Due to the growing number of cancer survivors worldwide, 

oncology rehabilitation programmes are growing in importance to address treatment-induced 

physical impairments that can lead to disability. In addition to addressing the long term 

sequelae of cancer treatments, it has been suggested that a cancer diagnosis may be a 

“teachable moment” to encourage healthy lifestyle behaviours in cancer survivors (Demark-

Wahnefried et al., 2005). However, behavioural changes may not be independent or 

spontaneous in this group. A large population-based study of cancer survivors in the UK found 

no evidence that a cancer diagnosis was associated with sustained improvements in lifestyle 
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from before diagnosis to at least two years after diagnosis (Williams et al., 2013).  Similar 

findings have been demonstrated in breast cancer specific populations in Ireland and Canada 

(Broderick et al., 2014b, Sabiston et al., 2014). This highlights the important role of structured 

cancer rehabilitation programmes designed to actively engage the individual in the recovery 

process. In cancers such as breast and colorectal, the teachable moment refers to making long 

term diet and lifestyle changes with the aim of preventing other chronic disease and cancer 

recurrence. While this could also apply to an oesophageal cancer population, the teachable 

moment in this group may relate more so to providing the education and support to enable 

survivors to actively engage in their own recovery, to promote functional independence and to 

optimise physical functioning. 

All of the studies in this thesis have shown the adverse effects of treatment for oesophageal 

cancer on strength, fitness and physical activity levels. These results highlight the important 

targets for improvement in survivors of oesophageal cancer in order to optimise physical 

functioning and enhance QOL. Any rehabilitation programme in this cohort should consist of 

aerobic exercise and an increase in habitual physical activity levels. Furthermore as discussed 

in Section 8.2.3, loss of muscle mass frequently occurs during treatment in patients with 

oesophageal cancer. Therefore resistance training would also be recommended as an 

important component of a rehabilitation programme in order to increase strength and 

optimise body composition and muscle mass into survivorship.  

To complement the quantitative data gathered regarding the specific physical rehabilitative 

needs of this cohort, an aim of Study 2 was to obtain the views of survivors of oesophageal 

cancer on the structure and implementation of rehabilitation programmes. The majority of 

those interviewed reported that they would have been interested in a rehabilitation 

programme and felt that it would have been beneficial.  Participants in Study 2 spoke about 

the importance of education and information as part of an interventional programme. Some 

reported that they would have liked more specific information regarding exercise, particularly 

when they were discharged home after completing treatment. These participants were unsure 

about the type of exercise recommended or safe after cancer treatment.  Accordingly some 

revealed that they restricted their exercise or didn’t ‘push themselves’ as a result of fear or 

uncertainty. Therefore, similar to prehabiliation, an educational component should be an 

essential element of any rehabilitation programme. Education should address: the safety of 

exercise, the wide ranging benefits of exercise, physical activity guidelines and how to 

gradually commence an exercise programme and progress it as able.  

It is important to consider the appropriate timing for the implementation of a rehabilitation 
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programme. This was explored from the perspectives of the survivors of oesophageal cancer 

interviewed in Study 2. In this study participants reported a period of being very deconditioned 

in the initial weeks and months after discharge from hospital post oesophagectomy. In 

addition to feeling fatigued participants had to come to terms with a new eating routine which 

was often described as challenging in this early post-operative period. Therefore the prevailing 

opinion was that it would have been difficult to participate in an exercise intervention during 

this period. The physical performance measures taken in Study 4 reflect this finding as 

participants demonstrated very low fitness and physical activity levels at approximately four 

weeks post surgery. The study cohort spent on average 75% of their waking hours sedentary. 

Accordingly, before the commencement of a rehabilitation programme, it would be important 

to allow time, possibly at least six months post completion of treatment, for eating habits to 

stabilise and participants to make an initial recovery from the acute side effects of surgery. An 

additional consideration in relation to timing would be to avoid any exercise interventions near 

meal times as a number of participants reported not being able to exercise or needing to rest 

for some time after eating a large meal. Finally, similar to prehabilitation, it may be useful, 

where possible, to have both home based and hospital based rehabilitation programmes 

available to account for varying geographical locations and preferences. The components of a 

proposed rehabilitation programme with suggestions for frequency, intensity, time and type 

are summarised in Table 8.2.  
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Table 8.2 Components of proposed rehabilitation programme 

Frequency 
 

 5 - 7 sessions per week.  
 

Intensity 
 

 Light (30-39% HRR) – moderate intensity (45-59% HRR) exercise  

 Progressive  
 

Type 
 

 Aerobic exercise 

 Resistance training 

 Dietary advice and support  

 Education sessions 

 Option of supervised and home based programmes.  
 

Time 
 

 30 - 60 minutes per session 

 8 – 12 week programme  

 Approximately ≥ 6 months post completion of treatment  
 

Abbreviation: HRR heart rate reserve. 

 

There are a number of considerations common to both prehabilitation and rehabilitation 

programmes in patients with oesophageal cancer. Firstly it would be important for any 

intervention in this cohort to be multi-disciplinary. In an oesophageal cancer population in 

particular, input from dieticians, in addition to physiotherapists, would be recommended. The 

important relationship between eating habits, body composition and exercise in this group has 

been highlighted (Section 8.2.3). Patients with oesophageal cancer require a lot of support 

with diet and nutrition due to the significant changes in the gastro-intestinal system which 

occurs with oesophagectomy. Concerns that unwanted weight loss would result from an 

increase in activity levels was reported as a barrier to exercise by participants in Study 2 and 

Study 4. Participants in these studies also reported that reduced food intake had resulted in 

low energy levels and this was perceived as another significant barrier to exercise. 

Consequently, given these nutritional concerns, it may be more difficult to set up exercise 

interventions with input solely from physiotherapists. Additional input provided by dieticians 

working alongside physiotherapy colleagues would provide participants with support and 

information on how to sufficiently increase energy intake to facilitate an increase in aerobic 
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exercise and physical activity. Increased nutritional support and guidance would also help 

participants with the maintenance of a healthy weight while simultaneously increasing activity. 

Furthermore, exercise for maintaining or increasing muscle mass is most effective when 

coupled with appropriate nutrition (Solheim and Laird, 2012, Penna et al., 2011) and therefore 

nutritional support should be combined with exercise advice to address sarcopenia or strength 

deficits in this cohort. 

A strong theme to emerge from participant interviews both during treatment and into 

survivorship (Study 2 and Study 4) was the benefits of peer support. A number of participants 

reported that meeting and speaking with other patients with oesophageal cancer both during 

and after treatment was extremely helpful. Participants were reassured when other patients 

described similar experiences and concerns. It has been shown that peer support groups 

provide shared understanding, positive role models and information regarding coping, which 

would not be available from friends and family (Dakof and Taylor, 1990). Previous research in 

an oesophageal cancer population reported that peers could provide normalisation of feelings, 

support, reassurance, non-defensive relating, hope and inspiration (Clarke et al., 2011, 

McCorry et al., 2009). Accordingly it would appear that, in addition to the support provided by 

healthcare professionals, class based interventional programmes would be an ideal 

opportunity to increase peer support in this cohort. The camaraderie of a group may provide 

valuable mental and emotional support for survivors of oesophageal cancer.  

A number of barriers to exercise common to participants both during and after completion of 

treatment for oesophageal cancer were described in Study 2 and Study 4. It would be 

important for any interventional programmes in this cohort to address these barriers where 

possible. It has been shown that an intervention to target barriers in a breast cancer 

population was effective in improving physical activity levels (Rogers et al., 2011). For example, 

strategies to overcome the barrier of fatigue could include prescribing shorter duration bouts 

(e.g. 10 minutes at a time), performing interval exercise (i.e. alternating exercise and rest 

bouts), and exercising when fatigue is at its lowest (e.g. early in the morning) (Courneya et al., 

2005). Strategies to overcome the barrier of altered bowel habits may include lower intensity 

and shorter duration exercise, not exercising after meals, and exercising in locations where 

toilets are convenient and private (e.g. at home) rather than sparse and public (e.g. outdoors, 

gyms) (Courneya et al., 2005). In order to address persuasive issues such as lack of motivation 

and lack of confidence in engaging with exercise and activity, exercise programmes could 

involve a psycho-educational component on self-regulations and self efficacy.  

Finally, as highlighted by a participant in Study 2 “everyone’s recovery is different” and 
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therefore any exercise interventions in an oesophageal cancer population should be tailored to 

the individual and their specific abilities and needs.  The concept of individualised or precision 

medicine is growing in importance, particularly in the treatment of cancer. This is as a result of 

an increasing ability to characterise patients using methods such as proteomics, genomics and 

mobile health technologies (Collins and Varmus, 2015). In recent years, a number of targeted 

therapies have been developed for cancer and these have been associated with significant 

benefits.  While personalised medicine primarily applies to tailoring treatments according to 

the phenotypic characteristics of an individual patient, the concept can be applied to other 

treatment modalities including physiotherapy or exercise interventions. As different patients 

can respond very differently to interventions such as rehabilitation programmes, a ‘one size 

fits all’ approach may not provide optimal outcomes for all patients. Therefore future research 

may involve a move from exercise training protocols based on general principles to individually 

tailored or personalised programmes (Ambrosino and Clini, 2015). Personalised exercise 

programmes could take into account the individuals clinical, functional, environmental and 

social factors and prescribe more targeted interventions. The structure of a personalised 

pulmonary rehabilitation programme has been outlined by Ambrosino and Clini, (2015). In this 

proposed programme as the patients symptoms become more severe, the programme and 

activities are progressively and specifically adapted to the patient’s characteristics. The authors 

suggest that a personalised programme of this nature would allow resource savings for poor 

responders or first-stage patients and optimal treatment for responders and more severe 

patients. An important area for future research would be the multidimensional profiling of 

response to therapies and suggestions of how to personalise activities and/or motivate 

participants in these programme to achieve the goals they perceive as most important 

(Ambrosino and Clini, 2015).  

 

8.3 Critical analysis of this work  

 

There are a number of limitations to the work in this thesis. A convenience sample was 

recruited for all studies in this thesis. This method of recruitment was adopted due to the 

limited number of people receiving curative treatment for oesophageal cancer in Ireland.  

Survivors of oesophageal cancer who had an interest in oesophageal cancer or were of higher 

physical functioning may have been more likely to volunteer for the studies in this thesis, 

which could have biased the results. This would, however, mean that the prevalence of 
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suboptimal physical functioning could be higher in survivors of oesophageal cancer than 

indicated in this thesis. This potential bias could also have occurred with the control 

participants in Study 1.  

Compared to larger trials investigating outcomes in survivors of more common cancers, the 

sample sizes in the studies presented in this thesis were relatively small. Much of the work was 

exploratory in nature however and recruitment in this population is difficult due to the poor 

prognosis and complexity of treatment. However these studies have provided useful 

preliminary data on an under researched cohort and have laid the foundations for ongoing and 

future research in this group. 

The outcome measures used in this thesis have some limitations. Body composition was 

measured using BIA, which has been shown to be a valid measure (Section 2.4.4). The BIA 

system used in this thesis was more advanced than other models due to the incorporation of 

eight electrodes to facilitate segmental measurement, however BIA lacks precision and 

accuracy compared to measurements taken by DEXA, CT or MRI. The addition of the use of CT 

scans to identify sarcopenia in Study 1 provided valuable additional information regarding 

body composition in this cohort at pre and post treatment time points. The criterion method 

of measuring cardiorespiratory fitness is the direct measurement of VO2 during a graded 

maximal exercise test. The walking tests used in the studies in this thesis provide an indication 

of fitness levels and therefore as discussed in Section 6.5 may have had lower sensitivity to 

small changes in fitness.  

The use of two different walking tests, the ISWT in Study 1 and the 6MWT in Study 3, reduces 

the comparability of these two studies. The ISWT is incremental and externally paced. This 

minimises the effects of participant motivation, which may be different between cancer 

survivors and control participants and therefore this test was chosen for Study 1. However, 

some limitations were observed with the use of the ISWT in survivors of oesophageal cancer 

(Section 4.5.1). Minor difficulties were reported by some of the older and more deconditioned 

participants in relation to keeping in synchrony with the beeps and turning at the cone every 

10 metres. Due to these issues it was hypothesised that the use of the 6MWT may be more 

appropriate for use in patients with cancer. With the 6MWT, participants can pace the test 

themselves, do not need to keep in synchrony with external pacing and only need to turn 

around the cone every 30 metres. A study validating and recommending the use of the 6MWT 

in cancer populations was published after the commencement of Study 1 (Schmidt et al., 

2013). In addition, comparable studies investigating the effect of treatment for oesophageal 

cancer on fitness used the 6MWT and therefore this test was chosen for Study 3. The 6MWT 
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was carried out successfully with participants in Study 3 and participants reported no 

significant issues with completing the test. Therefore, the results of the studies in this thesis 

would suggest that while the ISWT is also a valid test, the 6MWT may be more feasible and 

less complex field walking test for use with patients with cancer.Similarly, due to the 

discontinuation of the RT3 accelerometer, different accelerometers were used in the studies in 

this thesis: the RT3 in Study 1 and the ActiGraph in Study 3. However, as the aim of Study 1 

was to compare fitness and physical activity levels between cases and controls and the aim of 

Study 3 was to compare changes in fitness and physical activity levels over time, both studies 

provided individual results which answered the particular research question which pertained 

to each study.  

Finally, researcher bias is an inevitable factor that must be considered in all qualitative 

research. The researcher can be regarded as the research instrument and therefore is subject 

to biases which may reduce the reliability or validity of the results. It is very important for the 

researcher to actively reflect on his or her biases and consider how they might influence the 

overall research process. Therefore a number of strategies, previously discussed in Chapter 3, 

were used in both Study 2 and Study 4 to promote participant-driven data and data-driven 

analysis. These included probing for clarification and depth during interviews, ensuring 

accurate transcription and a data driven approach to coding and categorising. In particular, the 

processes of peer review and respondent validation were carried out to ensure that the 

participants rather than the researcher’s perceptions were represented. In Study 2 and Study 

4, member checking was carried out during each interview to clarify points that participants 

made. The process of peer review was also used to ensure that results stayed close to the 

data. The codes developed for the studies were reviewed with a colleague to ensure they 

reflected what was truly in the data. Themes were discussed with colleagues to ensure that 

they flowed logically from findings. Alternative interpretations of codes and themes were also 

discussed. Finally, direct quotations were used extensively throughout the study reports in 

order to give readers a sense of the data and to allow them to judge the credibility.  
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8.4 Implications for future research  

 

The data gathered from the early work in this thesis were used to inform an application for 

HRB grant funding. This grant was successfully attained and this has enabled research to 

continue in this centre (TCD) with the ReStOre trial. In particular, the results of Study 1 and 

Study 2 were used to plan the later work in this thesis (Study 3 and Study 4), in addition to the 

ongoing and planned future research at this centre. Study 1 and Study 2 in this thesis identified 

suboptimal physical functioning, activity limitations and lifestyle restrictions in disease free 

survivors of oesophageal cancer. These initial findings highlighted the need for further 

research in this area; firstly to investigate exactly when, how and to what extent treatment for 

oesophageal cancer can impact on physical functioning and secondly to examine whether a 

comprehensive rehabilitation programme could improve physical performance and HRQOL in 

this cohort. The preliminary results of an ongoing longitudinal study were presented in Study 3 

in this thesis. This study is part of the HRB grant and data collection continues and the results 

from the total study cohort will be a very valuable descriptor of this cohort. In addition the 

study will reassess participants for an additional study time-point at six months post surgery. 

This data will reveal how participants recover from the significant decrease in physical 

performance observed at four weeks post surgery.  

When this longitudinal study has been completed, an RCT will be carried out to investigate the 

implementation of a multidisciplinary rehabilitation programme. The results of the studies in 

this thesis have been used to inform the design of this rehabilitation programme. The 

important relationship between food intake, body weight and exercise in patients with 

oesophageal cancer has been highlighted by the studies in this thesis (Section 8.2.3). These 

findings particularly highlighted the importance of input from both physiotherapists and 

dieticians in the management and rehabilitation of patients with oesophageal cancer. 

Therefore the rehabilitation programme has been designed to be multidisciplinary and will 

consist of both exercise sessions and dietary sessions with input from physiotherapist and 

dieticians.  

Deficits in physical functioning were identified in survivors of oesophageal cancer in Study 1 

and these results have provided important targets to address with exercise component of the 

rehabilitation programme. Firstly, as significant deficits in fitness and physical activity levels 

were observed in survivors of oesophageal cancer in Study 1, the rehabilitation programme 

will include an aerobic exercise component with the aim of improving both fitness and activity 

levels. The results of Study 1 also revealed significant changes in body composition, loss of 
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muscle mass and a high prevalence of sarcopenia across the treatment trajectory in patients 

with oesophageal cancer. Accordingly the rehabilitation programme will include resistance 

training aimed at improving body composition and increasing muscle mass and strength.  

When developing interventional programmes, information from the target population is 

extremely useful. Taking into account patients preferences and suggestions should optimise 

the feasibility and acceptability of such programmes. Study 2 in this thesis explored patient 

perspectives on the implementation of rehabilitation programmes and very useful data was 

gathered with helped inform the design of the programme. An important finding from Study 2 

was that participants described the initial few weeks and months post completion of 

treatment as particularly difficult and accordingly a number of participants reported that they 

did not feel that they would have been able to participate in a rehabilitation programme at this 

time. It was suggested by the participants that rehabilitation programmes not be commenced 

until approximately six months or more post completion of treatment and discharge from 

hospital. This influenced the timing of the ReStOre rehabilitation programme and accordingly 

the rehabilitation programme will be implemented in participants who are >12 months post 

completion of treatment. The participants in Study 2 had a very limited knowledge of activity 

guidelines and the wide ranging benefits of exercise (Section 8.2.2.2) and faced a number of 

barriers to increased activity and exercise (Section 8.2.2.1). These findings highlighted the 

importance of education in this cohort to increase awareness and understanding among 

cancer survivors of the important role that exercise can play across the cancer continuum and 

to target common barriers to exercise.  Consequently the proposed ReStOre rehabilitation 

programme will also include educational sessions.   

The preliminary work in this thesis (Section 1.5) highlighted some of the potential recruitment 

issues in this complex cohort and the difficulties which can arise with the implementation of an 

RCT. Therefore given the learning which occurred as a result of this early work, certain 

procedures were put in place with the aim of optimising recruitment and reducing the 

logistical challenges associated with working with a complex population. Firstly, it was very 

important that there was good communication between the research and clinical staff working 

with patients with oesophageal cancer. A system has been put in place to identify each 

potential research participant attending clinics to ensure that they meet a member of the 

research staff and are informed of ongoing studies. In addition improved teamwork between 

researchers from different disciplines has been implemented; in particular research 

physiotherapy and dietetic colleagues work closely together to ensure measurements are not 

repeated unnecessarily and that study visits are coordinated to take place on the same day 
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where possible. In order to further ease participant burden and minimise hospital visits, study 

assessments are arranged on a day that the patient is in the hospital for another clinical 

appointment where possible. Finally a Clinical Research Facility was opened in SJH in 2014 and 

therefore study assessments can now take place in a safe, clinical environment which is 

accessible from the main hospital. This has facilitated patients being able to attend both 

clinical and research appointments on the same day with ease. With these systems in place, 

recruitment for the ongoing longitudinal study is progressing well. However it must be noted 

that the longitudinal study is an observational study and participants are not required to 

complete an intervention or attend for weekly exercise sessions during their treatment. 

Therefore this is likely to be a significant factor in improved recruitment rates. In addition, as 

the rehabilitation programme will take place at least one year post completion of treatment in 

those free of disease, it could be hypothesised that the same difficulties observed with 

recruitment for the prehabilitation programme (Section 1.5), will not be present to the same 

extent for the rehabilitation programme. When patients were invited to take part in the 

prehabilitation programme, they had just received a diagnosis of cancer and were about to 

commence treatment. Therefore these patients were probably anxious or upset and may have 

felt unable to take on anything else. In contrast, the patients who will be invited to take part in 

the rehabilitation programme will be at least one year post completion of treatment and 

therefore may be in a better position to reflect on the potential benefits of an exercise 

programme, express an interest in such a programme and feel physically able to take part. This 

is reflected in the results of Study 2 where the majority of participants reported that they 

would prefer to take part in an exercise programme only after all treatment had ended.  

In relation to the ReStOre trial, JG played a role designing the longitudinal study, carried out 

recruitment and data collection for the initial months of the longitudinal study and carried out 

the interim analysis presented in this thesis. A brief overview of the study design for the 

rehabilitation programme is outlined below.  

 

Study Design  

An RCT is planned to examine the effect of a rehabilitation programme, incorporating an 

exercise intervention, individualised nutritional advice and education session, on functional 

status following curative treatment for oesophageal cancer. On completion of the longitudinal 

study participants will be re-assessed for suitability for enrolment to the rehabilitation 

programme through a review of medical records and discussion with the surgical team. If 
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interested, participants will be posted a copy of the PIL and consent and contacted one week 

later by telephone to answer further questions. Interested participants will then be booked in 

for screening and baseline assessments. Inclusion criteria for the participation in the RCT are 

(1) consented to be contacted by the research team regarding future studies (2) completed 

oesophagectomy +/- neo-adjuvant/adjuvant chemo/radiotherapy with curative intent and (3) 

medical approval to complete cardiopulmonary exercise testing and the prescribed exercise 

intervention. Exclusion criteria will include: (1) unsuccessful treatment outcome, (2) evidence 

of metastatic or recurrent disease (3) lack of medical consent or (4) co-morbidities that would 

preclude safe exercise participation. Participants will be randomised 1:1 to either the 

intervention or a control group.  The primary outcome for the multidisciplinary rehabilitation 

programme will be a change in functional capacity as measured by aerobic capacity. 

Assessments will be completed at baseline, programme completion and six months post 

programme completion. Assessments will include functional capacity, body composition, 

nutritional status, dietary quality and HRQOL.  

 

Rehabilitation Programme 

The intervention in the rehabilitation programme will consist of three main components: (1) 

exercise sessions (2) dietary sessions and (3) education sessions. The exercise component will 

include a 12 week programme of supervised and unsupervised aerobic and resistance exercise 

sessions, 1:1 dietary sessions and group education sessions. The exercise component of the 

rehabilitation programme will take the form of a 12 week supervised and home-based 

intervention. The exercise programme will be led by a physiotherapist. Supervised group 

exercise sessions will be held twice weekly during the first four weeks of the programme to 

reintroduce exercise to participant’s lives in a safe and structured manner. As the programme 

progresses the frequency of supervised sessions will decrease to increase participants’ 

independence with the protocol. Initially, activity will be prescribed at a light intensity and will 

progress during the programme to a moderate aerobic intensity. Participants will wear Polar 

Heart Rate monitors during all sessions to ensure compliance with the exercise prescribed. 

Intensity will also be assessed using the Borg Perceived Scale of Exertion. The goal at 

programme completion will be participation in 30 minutes of moderate intensity activity five 

days per week, as per the ACSM physical activity guidelines. In addition participants will 

complete resistance training on two non-consecutive days per week at a volume of 12-17 

repetitions maximum for 2-4 sets per exercise. All major upper limb and lower limb muscle 

groups will be exercised. Low-load high-repetition resistance training will be carried out with a 
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progression from 12RM to 17RM over the 12 week programme.  

Nutrition sessions will be delivered during week one, week two and then fortnightly on a one 

to one basis. Weight and circumferential measures will be recorded at each session and 

dietary intake will be assessed as described previously. The education delivered in the 

nutrition sessions will be individualised to participants needs. The target for participants is 

optimal dietary intake in line with the World Cancer Research Fund guidelines for cancer 

survivors. Supporting literature detailing prescriptive dietary advice will be developed and 

provided to participants.  

Education sessions will be delivered weekly during weeks one -four and fortnightly thereafter 

by a range of members of the multidisciplinary team and representatives of organisations that 

support people with oesophageal cancer including a representative of the surgical team, 

Cancer Nurse Specialist, dietician, physiotherapist, psychology of oncology, and a 

representative of the ARC cancer support centre. Education sessions will take place after the 

exercise session and cool-down, to monitor participant recovery following exercise and will be 

conducted at the Clinical Research Facility in St. James’s Hospital. 

Given the greater understanding of this population gained from the studies in this thesis, 

future research into the implementation of a prehabilitation programme is also warranted in 

an oesophageal cancer population. This centre is already participating in the PREPARE trial. 

This is an international multi-centre RCT which is investigating the effect of preoperative 

inspiratory muscle training on the incidence of postoperative pneumonia and respiratory 

function in patients undergoing oesophageal resection (Valkenet et al., 2014). As the PREPARE 

trial is focused on respiratory measures and outcomes and the ReStOre trial is focused on 

physical function measures and outcomes, these trials are being undertaken concurrently in 

this centre and participants may be enrolled in both.  
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8.5 Conclusion 

 

In summary, the quantitative and qualitative findings in this thesis were complementary and 

indicated that physical functioning is adversely affected by treatment for oesophageal cancer. 

In particular, oesophagectomy, which is considered one of the most complex cancer surgeries, 

had a marked impact on physical performance with chemotherapy and radiotherapy having a 

lesser impact. Suboptimal strength, fitness and physical activity levels were prevalent in this 

cohort from diagnosis up to five years post completion of curative treatment. In addition, 

survivors of oesophageal cancer demonstrated consistent weight loss throughout the 

treatment trajectory with relatively healthy body weight and BMI measurements into 

survivorship. 

Exercise knowledge and awareness was low overall in this cohort and survivors of oesophageal 

cancer faced a number of disease specific and general barriers to increased activity and 

exercise. The relationship between food intake, body weight and exercise is particularly 

important in an oesophageal cancer population given the pathology and physiology of the 

disease and the changes in the gastrointestinal system which occur as a result of 

oesophagectomy. Concerns and beliefs regarding weight loss were identified as important 

barriers to exercise and it is clear that survivors of oesophageal cancer require considerable 

support to effectively manage and maintain a healthy energy balance.  

The findings of this thesis demonstrate that this complex clinical cohort have multi-faceted 

needs across the cancer continuum. Therefore multidisciplinary interventional programmes 

such as prehabilitation and rehabilitation are indicated in order to: maintain or restore physical 

performance, optimise body composition, remediate functional loss and enable full 

participation in activities of daily living. Further research into the implementation and 

effectiveness of such programmes is warranted. On the basis of the studies reported herein 

such a programme has been initiated at this Centre, and the objective data recorded and 

targets for recovery lend itself to further prospective study within collaborative networks.   
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Appendices 

Appendix I: Search strategies for the systematic review  

EMBASE 

1 (esophag* NEAR/3 (cancer OR neoplasm* OR adenocarcinoma* OR carcinoma*)):ab,ti 

2 (oesophag* NEAR/3 (cancer OR neoplasm* OR adenocarcinoma* OR 

carcinoma*)):ab,ti 

3  'esophagus cancer'/exp OR 'esophagus tumor'/exp OR 'esophageal 

adenocarcinoma'/exp OR 'esophagus carcinoma'/exp 

4 1 OR 2 OR 3 

5 esophagectom*:ab,ti OR esophagogastroplast*:ab,ti OR esophagogastrectom*:ab,ti 

6 oesophagectom*:ab,ti OR oesophagogastroplast*:ab,ti OR 

oesophagogastrectom*:ab,ti 

7 (esophag* NEAR/3 (surgery OR resection*)):ab,ti 

8 (oesophag* NEAR/3 (surgery OR resection*)):ab,ti   

9 chemotherapy:ab,ti OR radiotherapy:ab,ti OR 'radiation therapy':ab,ti  OR ‘combined 

modality therapy’:ab,ti OR ‘multimodal therapy’:ab,ti  OR chemoradiotherapy:ab,ti  OR 

‘cancer radiation’:ab,ti OR ‘tumor irradiation’:ab,ti  

10 'esophagus resection'/exp OR 'esophagus surgery'/exp OR ‘chemotherapy'/exp OR 

'radiotherapy'/exp OR 'multimodality cancer therapy'/exp  

11 5 OR 6 OR 7 OR 8 OR 9 OR 10    

12 'quality of life assessment'/exp OR 'quality of life'/exp OR 'health status'/exp OR 

'physical activity, capacity and performance'/exp OR 'accelerometry'/exp OR 

'cardiorespiratory fitness'/exp OR 'strength'/exp 

13 (physical NEAR/3 (function* OR activity OR fitness OR capacity OR performance OR 

test)):ab,ti 

14 fitness:ab,ti OR strength:ab,ti OR exercise:ab,ti OR ‘quality of life’:ab,ti OR ‘functional 

status’:ab,ti  

15 4 AND 11 

16 12 OR 13 OR 14  

17 15 AND 16      

 

 



250 
 

 

PubMed  

1 esophageal cancer[tiab] OR oesophageal cancer[tiab] OR esophageal neoplasm*[tiab] 

OR oesophageal neoplasm*[tiab] OR esophageal adenocarcinoma*[tiab] OR 

oesophageal adenocarcinoma*[tiab] OR esophageal carcinoma*[tiab] OR oesophageal 

carcinoma*[tiab] 

2 "Esophageal Neoplasms"[Mesh] 

3  1 OR 2  

4 esophageal surgery[tiab] OR oesophageal surgery[tiab]  OR esophageal resection[tiab] 

OR oesophageal  resection[tiab] OR esophagectom*[tiab] OR oesophagectom*[tiab] 

OR esophagogastroplast*[tiab] OR oesophagogastroplast*[tiab] OR 

esophagogastrectom*[tiab] OR oesophagogastrectom*[tiab] 

5 "Esophagectomy"[Mesh] OR "Esophagoplasty"[Mesh]  

6 "Chemoradiotherapy"[Mesh] OR "Combined Modality Therapy"[Mesh] OR 

"Radiotherapy"[Mesh] OR "Chemotherapy, Adjuvant"[Mesh] OR "Consolidation 

Chemotherapy"[Mesh] OR "Induction Chemotherapy"[Mesh] OR "Maintenance 

Chemotherapy"[Mesh] 

7 chemotherap*[tiab] OR radiotherap*[tiab] OR radiation therap*[tiab] OR cancer 

radiation[tiab] OR multimodal therapy[tiab] OR chemoradiotherapy[tiab] OR combined 

modality therapy[tiab] OR cancer radiation[tiab] OR tumor irradiation[tiab] 

8 4 OR 5 OR 6 OR 7 

9 "Physical Fitness"[Mesh] OR "Quality of Life"[Mesh] OR "Motor Activity"[Mesh] OR 

"Health Status"[Mesh] OR "Muscle Strength"[Mesh] OR "Exercise Tolerance"[Mesh] 

OR "Exercise Test"[Mesh] OR "Exercise"[Mesh] OR "Accelerometry"[Mesh] OR "Muscle 

Strength Dynamometer"[Mesh] 

10 Physical Fitness[tiab] OR Quality of Life[tiab] OR physical activity[tiab] OR physical 

capacity[tiab] OR physical performance[tiab] OR physical function*[tiab] OR 

strength[tiab] OR exercise[tiab] OR functional status[tiab] 

11 9 OR 10 

12 3 AND 8 AND 11 

 

 

  



251 
 

CINAHL 

1 TI ( esophag* N3 (cancer OR neoplasm* OR adenocarcinoma* OR carcinoma*) ) OR AB 

( esophag* N3 (cancer OR neoplasm* OR adenocarcinoma* OR carcinoma*) ) 

2 TI ( oesophag* N3(cancer OR neoplasm* OR adenocarcinoma* OR carcinoma*) ) OR 

AB ( oesophag* N3(cancer OR neoplasm* OR adenocarcinoma* OR carcinoma*) ) 

3 MH "Esophageal Neoplasms" 

4 1 OR 2 OR 3 

5 TI ( esophagectom* OR esophagogastroplast* OR esophagogastrectom* OR 

oesophagectom* OR oesophagogastroplast* OR oesophagogastrectom* ) OR AB ( 

esophagectom* OR esophagogastroplast* OR esophagogastrectom* OR 

oesophagectom* OR oesophagogastroplast* OR oesophagogastrectom* )  

6 TI ( ((esophag* OR oesophag*) N3 (surgery OR resection)) ) OR AB ( ((esophag* OR 

oesophag*) N3 (surgery OR resection)) )  

7 (MH "Esophagoplasty") OR (MH "Esophageal Neoplasms/SU") 

8  TI ( chemotherapy OR radiotherapy OR 'radiation therapy' OR ‘cancer radiation’ OR 

‘tumor irradiation’ OR ‘combined modality therapy’ OR ‘multimodal therapy’) OR AB ( 

chemotherapy OR radiotherapy OR 'radiation therapy' OR ‘cancer radiation’ OR ‘tumor 

irradiation’ OR ‘combined modality therapy’ OR ‘multimodal therapy’ )  

9 (MH "Antineoplastic Agents, Combined") OR (MH "Chemotherapy, Cancer") OR (MH 

"Chemotherapy, Adjuvant") OR (MH "Neoadjuvant Therapy") OR (MH 

"Radiotherapy") OR (MH "Combined Modality Therapy") 

10 5 OR 6 OR 7 OR 8 OR 9 

11 (MH "Physical Fitness") OR (MH "Exercise") OR (MH "Exercise Test") OR (MH "Exercise 

Test, Muscular") OR (MH "Quality of Life") OR (MH "Motor Activity") OR (MH 

"Activities of Daily Living") OR (MH "Physical Activity") OR (MH "Exercise 

Tolerance") OR (MH "Health Status") OR (MH "Muscle Strength") OR (MH 

"Accelerometry") 

12 TI ( Physical N3 (Fitness OR activity OR capacity OR performance OR function OR test*) 

) OR ( Physical N3 (Fitness OR activity OR capacity OR performance OR function OR 

test*) )  

13 TI ( strength OR exercise OR ‘quality of life’ OR ‘functional status’) OR AB ( strength OR 

exercise OR ‘quality of life’ OR ‘functional status’ )  

14 11 OR 12 OR 13  

15 4 AND 10 AND 14 
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SCOPUS 

1 TITLE-ABS (esophag*  W/3  cancer) 

2 TITLE-ABS (esophag*  W/3 neoplasm*)  

3 TITLE-ABS (esophag*  W/3  adenocarcinoma*) 

4 TITLE-ABS (esophag*  W/3  carcinoma*) 

5 TITLE-ABS (oesophag*  W/3  cancer) 

6 TITLE-ABS (oesophag*  W/3 neoplasm*)  

7 TITLE-ABS (oesophag*  W/3  adenocarcinoma*) 

8 TITLE-ABS (oesophag*  W/3  carcinoma*) 

9 #1 OR #2 OR #3 OR #4 OR #5 or #6 OR #7 OR #8 

10 TITLE-ABS (esophagectom* OR esophagogastroplast* OR esophagogastrectom*) 

11 TITLE-ABS (oesophagectom* OR oesophagogastroplast* OR oesophagogastrectom*) 

12 TITLE-ABS (esophag*  W/3  surgery) 

13 TITLE-ABS (esophag*  W/3  resection) 

14 TITLE-ABS (chemotherapy OR radiotherapy OR “radiation therapy” OR 

chemoradiotherapy OR “multimodal therapy” OR “combined modality therapy” OR 

“cancer radiation” OR “tumor irradiation”) 

15 #10 OR #11 OR #12 OR #13 OR #14 

16 TITLE-ABS (physical* W/3  function) 

17 TITLE-ABS (physical* W/3  activity) 

18 TITLE-ABS (physical* W/3  fitness) 

19 TITLE-ABS (physical* W/3  capacity) 

20 TITLE-ABS (physical* W/3  performance) 

21 TITLE-ABS (physical* W/3  test) 

22 TITLE-ABS (“quality of life” OR fitness OR strength OR exercise OR ”functional status”) 

23 #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22  

24 #9 AND #15 AND #23 
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PsycINFO 

1 TI ( esophag* N3 (cancer OR neoplasm* OR adenocarcinoma* OR carcinoma*) ) OR AB 

( esophag* N3 (cancer OR neoplasm* OR adenocarcinoma* OR carcinoma*) ) 

2 TI ( oesophag* N3(cancer OR neoplasm* OR adenocarcinoma* OR carcinoma*) ) OR 

AB ( oesophag* N3(cancer OR neoplasm* OR adenocarcinoma* OR carcinoma*) ) 

3 ((DE "Neoplasms") OR (DE "Oncology")) AND (DE "Esophagus") 

4 1 OR 2 OR 3 

5 TI ( esophagectom* OR esophagogastroplast* OR esophagogastrectom* OR 

oesophagectom* OR oesophagogastroplast* OR oesophagogastrectom* ) OR AB ( 

esophagectom* OR esophagogastroplast* OR esophagogastrectom* OR 

oesophagectom* OR oesophagogastroplast* OR oesophagogastrectom* )  

6 TI ( ((esophag* OR oesophag*) N3 (surgery OR resection)) ) OR AB ( ((esophag* OR 

oesophag*) N3 (surgery OR resection)) )  

7 DE "Surgery"  

8  TI ( chemotherapy OR radiotherapy OR 'radiation therapy' OR ‘cancer radiation’ OR 

‘tumor irradiation’ OR ‘combined modality therapy’ OR ‘multimodal therapy’) OR AB ( 

chemotherapy OR radiotherapy OR 'radiation therapy' OR ‘cancer radiation’ OR ‘tumor 

irradiation’ OR ‘combined modality therapy’ OR ‘multimodal therapy’ )  

9 (DE "Chemotherapy") OR (DE "Radiation Therapy") OR (DE "Multimodal Treatment 

Approach") 

10 5 OR 6 OR 7 OR 8 OR 9 

11 (DE "Physical Fitness") OR (DE "Physical Strength") OR (DE "Physical Activity") OR (DE 

"Physical Examination") OR (DE "Physical Mobility") OR (DE "Aerobic Exercise") OR (DE 

"Exercise") OR DE ("Quality of Life") OR (DE "Activities of Daily Living") 

12 TI ( Physical N3 (Fitness OR activity OR capacity OR performance OR function OR test*) 

) OR ( Physical N3 (Fitness OR activity OR capacity OR performance OR function OR 

test*) )  

13 TI ( strength OR exercise OR ‘quality of life' OR ‘functional status’ ) OR AB ( strength OR 

exercise OR ‘quality of life' OR ‘functional status’)  

14 11 OR 12 OR 13  

15 4 AND 10 AND 14 
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Appendix II: Downs & Black Checklist for Measuring Study Quality 

 

 



255 
 

 

 

 

 



256 
 

 

 



257 
 

Appendix III:  Quality assessment of studies included in the meta-analyses using Downs & Black Checklist for Measuring Study Quality (Q1-15) 

 

Study  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 

Chang et al., (2014) 1 1 1 1 2 1 1 1 1 1 0 1 1 1 1 

Barbour et al., (2008) 1 1 1 1 2 1 1 1 1 0 1 0 1 0 0 

Hong et al., (2013) 1 1 1 1 2 1 1 1 0 1 1 0 1 0 0 

van Meertan et al., (2008) 1 1 1 1 2 1 1 1 1 0 0 1 0 0 0 

Ramakrishnaiagh et al., (2014) 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 

Parameswaran et al., (2009) 1 1 1 1 2 1 1 1 1 0 1 1 1 0 0 

Nafteux et al., (2011) 1 1 1 1 2 1 1 1 0 1 1 0 1 0 0 

Wang et al., (2010) 1 1 1 1 2 1 1 1 0 0 0 0 0 0 0 

Wang et al., (2011) 1 1 1 1 2 1 1 1 0 0 0 0 0 0 0 

Wang et al., (2015) 1 1 1 1 2 1 1 1 1 1 1 1 0 0 0 

Lv et al., (2014) 1 1 1 1 2 1 1 0 1 1 0 0 1 0 0 

Liebman et al., (2006) 1 1 1 1 2 0 0 1 1 0 1 1 0 0 0 

Teoh et al., (2011) 1 1 1 1 2 0 1 0 0 1 1 0 1 0 0 

Lagergren et al., (2007) 1 1 1 1 2 0 0 1 1 0 1 1 1 0 0 

Avery et al., (2007) 1 1 1 1 2 1 1 1 1 1 1 1 1 0 0 

Reynolds et al., (2006) 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 
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Quality assessment of studies included in the meta-analyses using Downs & Black Checklist for Measuring Study Quality (Q16-27) 

 

 

Study  Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q27 Total Quality 

Chang et al., (2014) 1 1 1 0 1 1 1 0 0 0 1 0 21 Good 

Barbour et al., (2008) 1 1 1 0 1 1 1 0 0 0 1 0 19 Fair 

Hong et al., (2013) 0 1 1 0 1 1 1 1 0 1 0 0 19 Fair 

van Meertan et al., (2008) 1 1 1 0 1 0 1 0 0 0 1 0 17 Fair 

Ramakrishnaiagh et al.,  (2014) 1 1 1 0 1 1 1 0 0 0 0 0 18 Fair 

Parameswaran et al., (2009) 1 1 1 0 1 1 1 0 0 0 1 0 20 Good 

Nafteux et al., (2011) 1 1 1 0 1 1 1 0 0 0 0 0 18 Fair 

Wang et al., (2010) 1 1 1 0 1 0 0 0 0 1 1 0 15 Fair 

Wang et al., (2011) 1 1 1 0 1 0 0 0 0 1 1 0 15 Fair 

Wang et al., (2015) 1 1 1 0 1 1 1 0 0 1 1 0 21 Good 

Lv et al., (2014) 1 1 1 0 1 1 1 0 0 1 1 0 19 Fair 

Liebman et al., (2006) 1 1 1 0 1 1 1 0 0 0 1 0 17 Fair 

Teoh et al., (2011) 0 1 1 0 1 1 1 1 0 1 0 0 17 Fair 

Lagergren et al., (2007) 1 1 1 0 1 1 1 0 0 1 1 0 19 Fair 

Avery et al., (2007) 0 1 1 0 1 1 1 0 0 1 1 0 21 Good 

Reynolds et al., (2006) 0 1 1 0 1 1 1 0 0 0 1 0 18 Fair 
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Appendix IV: Modified Borg Dyspnoea Scale 

 

Rating of exertion Description 

Nothing at all 0 

Extremely slight 0.5 

Very slight 1 

Slight 2 

Moderate 3 

Somewhat severe 4 

Severe 5 

 6 

Very severe  7 

 8 

Extremely Severe 9 

Maximal  10 

 

 

 

 

 

Reference: BORG, G. A. 1982. Psychophysical bases of perceived exertion. Med Sci 
Sports Exerc, 14, 377-81. 
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Appendix V: Physical Activity Readiness Questionnaire 
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Appendix VI:  Standard operating procedure for safety during exercise testing  

Prior to Exercise Test  

 

Assess for exclusion criteria for exercise testing.  

 

Participant not to complete the exercise test if any of the following apply: 

 A neurological or musculoskeletal condition limiting independent mobility. 

 Medically unsuitable to complete an exercise test. 

 Known absolute contraindications to exercise testing and exercise training as per the 

American College of Sports Medicine guidelines (Pescatello, 2013):  

 Recent significant change in the resting ECG suggesting significant ischemia, recent 

myocardial infarction (within 2 days) or other acute cardiac event. 

 Unstable angina. 

 Uncontrolled cardiac dysrhythmias causing symtoms or haemodynamic 

compromise. 

 Symptomatic severe aortic stenosis. 

 Uncontrolled symptomatic heart failure. 

 Acute pulmonary embolus or pulmonary infarction. 

 Acute myocarditis or pericarditis. 

 Suspected or known dissecting aneurysm. 

 Acute systemic infection, accompanied by fever, body aches, or swollen lymph 

glands. 

 

Complete Physical Activity Readiness Questionnaire (PAR-Q)  

If participant responds “yes” to any questions obtain further details and determine suitability 

for completing test.  
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Measure resting heart rate and blood pressure prior to exercise testing. 

If resting blood pressure is consistently higher than 144/94 on the day of testing, do not 

compete fitness test and advise participant to inform their G.P at their next appointment. 

 

During Exercise Test  

Observe participant during test to assess for any termination criteria. 

Test to be immediately stopped if any following occur:   

 Any chest pain that is suspicious of angina. 

 Intolerable dyspnoea. 

 Evolving light headedness or dizziness. 

 Leg pain or fatigue to limit further exercise.  

 Evolving mental confusion or lack of coordination.  

 Diaphoresis.  

 Pale or ashen appearance. 

 Any other clinically warranted reason.  

After Exercise Test  

Ensure that each participant reports feeling well and his/her heart rate has returned to resting 

values before the leaving the centre. 
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Appendix VII: Accelerometer participant information leaflets & exercise diaries 

RT3 

 

RT3 accelerometer     

   

 

Thank you for agreeing to wear an RT3 activity monitor this week. This monitor is 

similar to a pedometer and will record the amount and the intensity of physical activity 

you undertake during the period that you wear it.  

During the measurement period you will need to wear the accelerometer on the band 

of your trousers during waking hours.  

 

How to start your activity monitor 

1. Remove the sellotape and the see through clip. 

2. Press the big button on the front surface of the monitor once to start. You may 

hear a small beep when you press this to indicate that it has been switched on. 

Otherwise look at the screen on the top surface of the monitor. When the 

monitor is active the dots between the numbers will flash.  

3. Clip the RT3 activity monitor onto your trousers or skirt at the right hip on the 

front of your body. Buttons should face outwards. 

4. The RT3 activity monitor is now working. You are not required to press the 

buttons again during the week. Do not worry if you press one of the buttons 

accidentally. This will not affect the recording of your activity data.  
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RT3 Diary 

 

1. You are asked to record the time you put your activity monitor on in the 

morning and the time you take it off when going to bed at night. 

2. You should also record any other times during the day that you remove your 

activity monitor and when you put it on again. Reasons to remove your activity 

monitor include: 

a) Going for a shower/bath 

b) Going for a swim 

c) Going for a sleep in bed during the day (wear your monitor if taking 

a rest on the couch)  

3. Please record what activities you complete when not wearing your monitor.  

 

 

 

 Start wearing your monitor first thing in the morning when you get up, even if 

you choose not to get dressed into your day clothes at that point (e.g if you 

wear your dressing gown in the morning- clip the monitor onto your dressing 

gown belt). 

 

 Wear your monitor until you go to bed at night. A good tip is to place your 

monitor on your locker when you go to bed so you can see it first thing in the 

morning.  

 

 

 At the end of the week please return the activity monitor and diary to us in the 

stamped addressed envelope provided.  

 

Please remember not to change your activities- our aim is to get an idea of your 

‘normal’ activity patterns over the monitoring period.  
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Start Date: ________________________       Name:________________________________ 
 

 Time monitor on 
 

Time Monitor off Activities completed when 
not wearing monitor 

Day:  
 
________________ 
Date: 
 
________________ 
 

 
 
 
 
 
 

  

Day:  
 
________________ 
Date: 
 
________________ 
 

   

Day:  
 
________________ 
Date: 
 
________________ 
 

   

Day:  
 
________________ 
Date: 
 
________________ 
 

   

Day:  
 
________________ 
Date: 
 
________________ 
 

   

Day:  
 
________________ 
Date: 
 
________________ 
 

   

Day:  
 
________________ 
Date: 
 
________________ 

   

Thank you very much for recording your physical activity. 
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ActiGraph 

 

Participant Information Leaflet 

ActiGraph Activity Monitor 

 

Thank you for agreeing to wear the ActiGraph Activity Monitor. The ActiGraph measures your 

physical activity levels and provides us with information on the about of time you spend 

engaging in different intensities of activity. The following information leaflet addresses some 

frequently asked questions. Should you have any queries please contact the Physiotherapy 

Postgraduate and Research Room at the Trinity Centre for Health Sciences, St. James’s Hospital 

on 01-8963613. 

 
1. How many days do I wear the monitor? 

You are requested to wear the activity monitor for one week (7 days) during waking hours. 

  
2. Do I wear the monitor to bed? 

No. You put the monitor on first thing in the morning and take it off last thing at night. You are 

requested to record the time you put the monitor on in the morning and the time you take if 

off at night in the activity diary provided.  

 
3. Do I wear the monitor in the shower?  

No. You should remove the monitor during any water-based activity such as showering, 

bathing or swimming. You are requested to record these activities, including the times your 

take the monitor on and off in the activity diary provided.  

 
4. Do I need to press any button to start / finish the monitor? 

No. The monitor is set-up by the researcher leading your study. You do not have to press any 

button to activate or stop the monitor.  

http://www.google.ie/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=ZUTPd1SLl_FoSM&tbnid=hFzQM5g3bGGhOM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Trinity_College,_Dublin&ei=4OgpUtGhOoKq7QbY0IHABA&bvm=bv.51773540,d.ZGU&psig=AFQjCNGpTyV7mP8uOfoSFhatasuuTq84gQ&ust=1378564702233826
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5. Where on my body is the monitor worn?  

The monitor is connected to a flexible strap with a clip. The strap should be worn like a belt 

around your waist with the monitor sitting at hip level on the right side of your body (see 

picture). Ensure the black disk on the side of the monitor is pointing towards your head. The 

strap should not be too tight or too loose. You can adjust the strap size if necessary. You may 

wear the monitor under or over your clothes.  

 

 

 
 

 

 

 

6. Do I need to charge the monitor during the week?  

No. Do not plug the monitor into any power source or connect to any USB cable during the 

week and this may wipe the data collected.  

 
7. I forgot to wear the monitor – what should I do? 

If you forget to wear the activity monitor on a particular day don’t worry. Please write down 

clearly in the activity diary which day you forgot to wear the monitor and just carry on wearing 

it as normal the following day.  

 
8. What should I do when I finish wearing the activity monitor? 

When you finish wearing the monitor please return it to us in the stamped addressed envelope 

provided. Please return the monitor to us as soon as possible to ensure that the battery does 

not die before we receive it.  

 

Try not to change your activity levels while wearing the monitor as our aim is to 

get an idea of normal activity patterns 

Thank you very much for recording your physical activity 

Ensure this black 

disk is facing up 

towards you head.  

http://www.google.ie/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=kkpqGMgOZJlVxM&tbnid=GG72nrNc-uGmTM:&ved=0CAUQjRw&url=http://www.actigraphcorp.com/products/wgt3x-monitor/&ei=5iZpUsChN8KS7AavzYG4Dg&bvm=bv.55123115,d.ZGU&psig=AFQjCNHbngCTo1SSwtcyMi2Aqm-DxfavwA&ust=1382709331670459
http://www.google.ie/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=btd8IPAQmwF45M&tbnid=ymZfarwdmG6wfM:&ved=0CAUQjRw&url=http://www.actigraphcorp.com/products/gt3x-monitor/&ei=JrNzUpS9A_DG7Aa_9oD4Ag&bvm=bv.55819444,d.ZGU&psig=AFQjCNHGCuzCfnvouxRJaReF_oevobYi2w&ust=1383400602367509
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Physical Activity Diary 

 

You are requested to wear your ActiGraph Activity Monitor during all waking hours. You will 

have to remove the activity monitor when you are going to bed or during water-based 

activities such as showering or swimming. Please record the time you put the activity monitor 

and the time you take it off in the following activity diary. If you forget to wear the monitor for 

a day please record this clearly in the activity diary. This record will help us to analyse your 

physical activity data as accurately as possible.  

 

Should you have any queries please contact the Physiotherapy Postgraduate and Research 

Room at the Trinity Centre for Health Sciences, St. James’s Hospital on 01-xxxxxxx. The 

following example outlines the details required. 

 

Example: 

On Date On Time Off Date Off Time 
Activity completed while 
not wearing the monitor 

04.10.2013 8.20am 04.10.2013 7.10pm Shower 

04.10.2013 7.30pm 04.10.2013 10.30pm Sleeping in bed 

05.10.2013 8.10am 05.10.2013 10.50pm Sleeping in bed 

     

 

 

 

 

http://www.google.ie/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=ZUTPd1SLl_FoSM&tbnid=hFzQM5g3bGGhOM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Trinity_College,_Dublin&ei=4OgpUtGhOoKq7QbY0IHABA&bvm=bv.51773540,d.ZGU&psig=AFQjCNGpTyV7mP8uOfoSFhatasuuTq84gQ&ust=1378564702233826
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Participants Name/Study ID: _____________________________ 

 

On Date On Time Off Date Off Time 
Activity completed while 
not wearing the monitor 

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

 

Thank you for taking the time to record your physical activity.  

Modifiers of Functional Performance During Treatment for         

Esophageal Cancer 
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Appendix VIII: EORTC-QLQ-C30 & OES-18 
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Appendix IX: Scoring Procedure for the EORTC QLQ-C30 Version 3.0 

 

As outlined in the EORTC QLQ-C30 Scoring Manual:  

Fayers PM, Aaronson NK, Bjordal K, Groenvold M, Curran D, Bottomley A, on behalf of the 
EORTC Quality of Life Group. The EORTC QLQ-C30 Scoring Manual (3rd Edition).  

Published by: European Organisation for Research and Treatment of Cancer, Brussels, 2001. 

 

 

 

Scoring principle for all scales:  

1. Estimate the average of the items that contribute to the scale:  raw score (RS) 

2. Use a linear transformation to standardise the raw score so that scores range from 0 

to 100.  

*Higher scores represent a higher (“better”) level of functioning or a higher 

(“worse”) level of symptoms. 

Formulas 

Calculation of the raw score (RS) 

 

RS = (I1 + I2... In )/n 

I = scale item 

n = total number of items 

Linear Transformations Functional Scales 

Score = {1- [(RS - 1)/range]} x 100 

 

Symptom Scales 

Score = {(RS -1) range} - 100 

 

Global health status/QOL 

Score = {(RS - 1) range} - 100 

 

range = is the difference between the maximum 

possible value of RS and the minimum possible 

value. 
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Scales and Corresponding Items 

 

Scale Abbreviation Item Numbers 

Global health status/QOL QL2  

Functional Scales   

Physical functioning PF2 1 - 5 

Role functioning  RF2 6, 7  

Emotional functioning EF 21 - 24 

Cognitive functioning CF 20, 25 

Social functioning  SF 26, 27 

Symptom Scales/Items  10, 12, 18 

Fatigue FA  

Nausea & vomiting NV 14, 15 

Pain PA 9, 19 

Dyspnoea DY 8 

Insomnia SL 11 

Appetite loss AP 13 

Constipation CO 16 

Diarrhoea DI 17  

Financial difficulties  FI 28 
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Appendix X: Codebooks for Study 2 and Study 4 (short versions) 

Study 2 

Categories Codes 

Activity & Exercise 
 
 

Active person 
Active throughout life 
Moderately active person 
Not active person  
Activity limitations/restrictions  
No or min activity limitations 
Exercising currently 

Barriers to Exercise Ageing 
Afraid/reluctant 
Lack of interest 
Lazy 
Less food intake 
Physical side effects 
Reduced stamina 
Weather 
Weight loss 
BW not a concern on terms of PA 
No barriers to exercise 

Emotions Depression, worry, anxiety, stress 
Happy with progress, feeling fortunate 
“ Forget about it” 

Exercise Knowledge & Understanding Advice re activity, exercise 
Can’t recall any specific advice 
Enough information  
No specific exercise advice, more needed 
Exercise is beneficial 
Exercise not beneficial 
Exercise query benefits 
Guidelines-no knowledge 
Guidelines-vague 

Facilitators to exercise Attitude 
Build up 
Eating properly 
Frustrated inactive, get moving, get back to 
normal 
Goal setting 
Habit 
Weather 
Misc 

Food & Eating Eating changes 
Eating normal 
Eating problems 
Rest after eating 

Lifestyle Changes Daily rest 
Healthier eating 
Lifestyle changed 
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Lifestyle not changed 
Needs more sleep 
Occupation changes 
Pacing, Planning, Slower 
Restrictive Lifestyle 

Physical Changes Decreased fitness 
Decreased stamina 
Decreased strength 
No treatment side effects 
PA levels changed 
Physical side effects, changes 

Recovery Back to normal 
Not back to normal 
“New normal” 
DC-not able for much 
Don’t expect to be 100% 
Enough information 
Harder-old 
Harder-young 
Recovery not going to plan 
Sicker than expected 
Spouse helpful 
Time back to normal 
Treatment type, success 
Prolonged recovery  
Role/importance of inpatient physio 

Rehab Journeys different 
Peer support 
Rehab beneficial, needed 
Rehab interest 
Rehab no interest 
“Take part if thought it would help” 
Components  
Education/info beneficial 
HEP 
Hospital class 
After treatment 
During treatment 

Weight BWstable, normal 
Have lost weight from max 
WL negative 
WL positive  
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Study 4 

Categories Codes 

Activity & Exercise Active during life 
Active person  
Exercise is beneficial 
Guidelines-no knowledge 
Guidelines-vague knowledge 
Barriers to exercise 

 Reduced food intake 

 Told to take it easy 

 Weather 

 Weight  

 BW not a concern in terms of PA 

 No barriers to exercise 
Facilitators to exercise 

 Attitude 

 Cutting grass 

 Eating normally 

 Habit 

 Walking dogs 

 Wanting to maintain fitness 

 Weather  

Treatment Experiences Activity limitations, restrictions 
Activity slowly built back up 
Back to, almost back to normal activity levels 
Completing normal household tasks 
Currently exercising 
Decreased PA, stamina, energy 
Education/information/support beneficial 
Emotions/attitude 
‘Feeling good’ 
Maintained lifestyle/PA levels 
‘Minding myself’ 
No activity limitations 
No problems/side effects during neoadjuvant 
treatment 
Not working 
Side effects only after rx finished 
Side effects/problems during treatment 
Time back to ‘normal’ after treatment 
Weight changes 
Weight stable 
‘Wiped out’ after treatment 
 

Food & Eating Eating changes 
Eating a lot just to maintain weight 
Eating normal 
Eating problems 

Prehabilitation ‘Do my own thing’ 
Exc intervention post rx 



278 
 

‘Take part if I thought it would help’ 
Able for it 
Beneficial 
Peer support 
HEP 
Hospital class 
Interest 
Timing 
Not able/Unsure whether able 
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Appendix XI: Study 1 invitation letter, participant information leaflet and consent 

form 

 

Trinity Centre for Health Sciences, 

St James’s Hospital, 

James’s Street, 

Dublin 8. 

 

 

Dear Mr/Ms.  

I am a physiotherapist carrying out postgraduate research with Professor Reynolds in 

Trinity College Dublin and St. James’s Hospital. I am writing to invite you to take part in 

a study we are currently undertaking which aims to document the physical fitness and 

functioning of people who are at least six months after oesophageal surgery. One of 

the aims of the study is to determine if there is a need for specific physical 

rehabilitation in the months after oesophageal resection. 

In order to determine the fitness and functioning of this cohort, participants in this 

study will be asked have the following measurements carried out:  

 Body Composition; weight, height, BMI and muscle mass 

 Physical Activity Levels  

 Exercise Capacity 

 Hand Grip Strength  

 Quality of Life & Fatigue Questionnaire  

A brief description of what is involved in each assessment is detailed in the attached 

participant information leaflet.  

If you elect to take part you would need to attend the Trinity Centre for Health 

Sciences, in the grounds of St. James’s Hospital, for one appointment lasting 

approximately an hour and a half. This appointment can be made for a time that is 

most convenient for you. Arrangements can be made to have the appointment on the 

same day as other appointments you may have in the hospital in the upcoming 
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months. Travel fares can be refunded if required.  

If you are interested in taking part in this study you can post back the enclosed form in 

the stamped addressed envelope, indicating your preferred contact number. A phone 

call can then be made to ask you some brief screening questions to determine 

eligibility and to arrange an appointment. Alternatively you can ring me directly to 

express interest and make an appointment.  

Gathering of this data will give us a better picture of the physical functioning of 

patients after oesophageal surgery. This will highlight if there is a need to provide 

physical rehabilitation in the months after surgery. 

Participation in this study will give you valuable information regarding your strength 

and fitness levels. In addition, you will be invited to ask any questions you may have 

regarding physical activity and exercise guidelines.  

If you have any questions about the study or would like to make an appointment to 

take part please do not hesitate to contact me on 01-xxxxxxxx or xxx@tcd.ie.  

I look forward to hearing from you. 

 

Kind regards, 

 

____________________________________________________________ 

Jenny Gannon  

Research Physiotherapist  
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PARTICIPANT INFORMATION LEAFLET 

 

           

  

Title: Physical functioning after oesophageal surgery  

 

What is this study about? 

The aim of this study is to gather data on the physical status of patients at least six 

months after oesophageal surgery. 

It has been shown that short and long term health related quality of life is affected 

after oesophagectomy. Compared to normal values patients after oesophagectomy 

have been shown to score lower for physical function, vitality and general health 

perception. The majority of studies determine physical functioning solely through the 

use of questionnaires. There is very little information on fitness, strength and the 

amount of physical activity in patients after oesophagectomy. We are interested in 

these measures to see if there is a need to help patients increase their fitness and 

activity levels which could be done through a post-operative rehabilitation 

programme.  

The objective of this study is to obtain a physical profile of patients from six months 

after oesophageal surgery.  

 

Who is being asked to participate? 

Patients who had an oesophagectomy and received treatment at St. James’s Hospital 

and are at least 6 months post surgery are being offered the opportunity to participate 

in this study. Your surgeon is happy that I contact you and has provided medical 

approval for you to complete the assessments involved in this study.  
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What do I have to do? 

You would be required to attend the Trinity Centre for Health Sciences, which is 

located on the grounds of St. James’s Hospital, for one appointment during which your 

assessment will take place. The assessment will last approximately an hour and a half.  

What assessments are involved? 

1. Body Composition 

You will be asked to stand on a machine called a body composition 

analyser. This machine will calculate your body mass index, which is 

an equation used to estimate the ideal weight for your height. In 

addition, the machine will provide details on your percentage body 

fat, your muscle mass and your total body water. You do not feel 

anything while the measures are being taken. It takes 30 seconds to 

complete the measurements.  

In addition, we will measure your waist circumference. This will 

measure the amount of weight you store on your stomach which may have important 

implications for your health.  

 

2. Physical Activity 

 

To measure your physical activity levels, you will be given an 

activity monitor to wear when you leave the centre. This monitor, 

call the RT3 accelerometer, is the same size as a small mobile 

phone. You will be asked to wear it on the band of your trousers 

for one week. You will be provided with a stamped addressed 

envelope to post the monitor back to the study investigator. You will be required 

to fill out an activity diary for the duration of the week that you are wearing the 

accelerometer.  
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3. Aerobic Fitness 

Your fitness will be assessed by carrying out an incremental shuttle walking test. This is 

a performance based test that measures fitness levels. The distance walked is 

measured in metres. The longer the distance that is walked the better the 

performance.  To complete this test you will be required to walk between two cones in 

time to a set of auditory beeps played on a CD. Initially, the walking speed is very slow, 

but each minute the required walking speed progressively increases. You will be 

required to walk for as long as you can until you are either too breathless or can no 

longer keep up with the beeps at which time the test ends. The test will last no longer 

than 12 minutes.  

 

4.  Muscle Strength 

Grip strength has been shown to be good predictor of overall strength 

and health. Your hand grip strength will be measured using a 

dynamometer. This is a very simple test where you will be required to 

squeeze the dynamometer as hard as you can three times. The average 

score will be recorded and compared to normative data.  

 

 

5. Quality of Life & Fatigue 

You will be asked to fill out the EORTC-QLQ questionnaire during the appointment. 

This questionnaire may already be familiar to you and it asks a series of questions 

relating to quality of life and fatigue symptoms associated with your illness. 

 

 

What are the benefits to me? 

You will receive feedback regarding all the assessments completed during the study 

from a chartered physiotherapist. In addition, you will be invited to ask any questions 
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you may have regarding physical activity and exercise guidelines.  

 

What are the risks? 

We do not anticipate adverse effects during the assessments. Occasionally, people can feel 

dizzy or breathless when doing an exercise test. However, because the exercise test is 

carefully graded, the risks of this happening are minimal. You will be required to complete 

a medical screening questionnaire prior to participation to assess suitability. The 

assessment will be conducted by a qualified physiotherapist with experience in all of the 

assessments outlined above. If any concerns are expressed, you will have the opportunity 

to be followed up by referral to the Physiotherapy Department or appropriate medical 

team for review. The practitioners involved in this study have current medical indemnity 

cover. 

 

Will my information be confidential? 

Your identity and data will remain confidential. Your name will not be published and will 

not be disclosed to anyone outside of the hospital. 

 

Compensation 

The postgraduate research student who is conducting the assessment is a chartered 

physiotherapist and is covered by the Trinity College Dublin insurance scheme. Nothing in 

this document restricts or curtails your rights. 

 

What if I change my mind? 

If you volunteer to participate in this study, you may stop at any time. If you decide not to 

participate, or if you stop, you will not be penalised and will not give up any benefits which 

you had before entering the study.  
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Stopping the study  

Your doctor or the investigator in this study may stop your participation at any time 

without your consent. 

 

Permission  

This study has received Hospital Research Ethics committee approval. 

 

I have more questions, who will I ask? 

You can get more information or answers to your questions about the study, your 

participation in the study, and your rights from Jenny Gannon (Study Investigator & 

Physiotherapist) who can be telephoned at (01) xxxxxx (9am to 5pm Monday to Friday).  
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CONSENT FORM  

 

Title of research study: Physical functioning after oesophageal surgery.  

This study and this consent form have been explained to me. The investigator has answered all 

my questions to my satisfaction.  

I believe I understand what will happen if I agree to be part of this study. I will carry out all 

assessments related to this study including body composition measurements, hand grip 

strength dynamometry, a fitness test and completion of a health, quality of life questionnaire. 

In addition, I will undertake activity monitoring and the maintenance of an exercise dairy for a 

week following the study.  

I understand my participation is voluntary and that I am free to withdraw at any time without 

giving any reason, without my medical care being affected. I agree to allow the investigator in 

this study to access my medical chart in order to record information relating to the type of 

illness I have, the treatment/procedures I received and other relevant data from my 

postoperative course to be used as study outcomes. 

I consent to the publication of data from this study and understand that my identity will 

remain confidential. I agree to the use of data collected in this study to be used in future 

studies without the need for giving consent again. 

I have read, or have read to me, this consent form. I have had the opportunity to ask questions 

and all my questions have been answered to my satisfaction. I freely and voluntarily agree to 

be part of this research study, though without prejudice to my legal and ethical rights. 

PARTICIPANT’S NAME: 

PARTICIPANT’S SIGNATURE: 

Date: 

Date on which the participant was first furnished with this form:  

Statement of investigator’s responsibility: I have explained the nature, purpose, procedures, 

benefits, risks of, or alternatives to, this research study. I have offered to answer any questions 

and fully answered such questions. I believe that the participant understands my explanation 

and has freely given informed consent.  

Investigator’s signature:     Date:  
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Appendix XII: Letters of ethics approval for Study 1 & Study 2 
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Appendix XIII: Study 2 invitation letter, participant information leaflet and consent 

form 

Trinity Centre for Health Sciences, 

St James’s Hospital, 

James’s Street, 

Dublin 8. 

 

 

Dear Mr/Ms. 

Thank you very much for your previous participation in our study. With your help we 

have gathered some very useful information on physical functioning in the months and 

years after oesophageal cancer surgery. As I explained on the phone we are now 

hoping to gather further information on patient experiences and perspectives through 

a more structured discussion about topics such as activity levels, barriers to exercise 

and rehabilitation programmes.  

I have enclosed a participant information leaflet which explains this additional study 

and what would be required to participate.  

Take some time to read through the leaflet and think about whether you might be 

interested in participating. I will give you a call in the next few weeks to discuss this 

further and if you are interested in taking part we can schedule an appointment or a 

phone call for the interview then.  

If you have any queries or would like further information please do not hesitate to 

contact me.  

Thank you again for your time. 

Kind regards,  

 

__________________________________________________________ 

Jenny Gannon 

Research Physiotherapist  
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PARTICIPANT INFORMATION LEAFLET 

 

 

Title: Patient perspectives on functional recovery and physical activity 

levels following oesophagectomy 

 

What is this study about?  

The aim of this study is to talk to patients about their experience of regaining function 

and normal activity levels in the months and years following surgery for oesophageal 

cancer. 

Ongoing investigations by our research group are looking into physical outcomes such 

as strength, fitness and activity levels in people following oesophageal cancer. This has 

revealed a number of ongoing concerns which may be potential barriers to 

participation in physical activity and functional recovery after surgery.  

Our experience to date has highlighted the need for a more formal approach to 

investigate these concerns.  It is hoped that a structured discussion between 

investigators and patients about some of these concerns may gather useful 

information from patient experiences which we cannot measure with physical tests. 

Health care professionals have a lot to learn from patient perspectives. The 

information gained from this study will give us a greater understanding of patients 

experiences.  

  

Who is being asked to participate? 

Patients who had an oesophagectomy and received treatment at St. James’s Hospital 

and are at least 6 months post surgery are being offered the opportunity to participate 

in this study.  
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What do I have to do? 

The interview with the lead investigator of this study (Jenny Gannon) can take place 

either over the phone or in person in the Trinity Centre for Health Sciences, located on 

the grounds of St. James’s Hospital.  

This will be a discussion during which the following four topics will be explored: 

 Your general health since your cancer diagnosis. 

 Discussion about your previous and current activity levels. 

 What you might consider as potential barriers to recommended activity levels 

and exercise. 

 Your views on the development of a rehabilitation programme for oesophageal 

cancer survivors. 

You can say as much or as little as you like regarding each topic and there are no right 

or wrong answers. We are just interested in your opinion on these topics. 

The interview should take no longer than 30 minutes. You may attend on your own or 

with a friend or family member. 

The interview will be recorded and transcribed but all responses will be kept 

anonymous. 

What are the benefits to me? 

This interview will give you the opportunity to ask any questions you may have 

regarding physical activity and exercise guidelines.  

What are the risks? 

As this study consists of an interview only we do not anticipate there to be any risks 

involved.  

Will my information be confidential? 

Your identity and data will remain confidential. Your name will not be published and will 

not be disclosed to anyone outside of the hospital. 

Compensation 

The postgraduate research student who is conducting the assessment is a chartered 
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physiotherapist and is covered by the Trinity College Dublin insurance scheme. Nothing in 

this document restricts or curtails your rights. 

 

What if I change my mind? 

If you volunteer to participate in this study, you may stop at any time. If you decide not to 

participate, or if you stop, you will not be penalised and will not give up any benefits which 

you had before entering the study.  

 

Stopping the study  

Your doctor or the investigator in this study may stop your participation at any time 

without your consent. 

 

Permission  

This study has received Hospital Research Ethics committee approval. 

 

I have more questions, who will I ask? 

You can get more information or answers to your questions about the study, your 

participation in the study, and your rights from Jenny Gannon (Study Investigator & 

Physiotherapist) who can be telephoned at (01) xxxxxxx (9am to 5pm Monday to Friday).  
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CONSENT FORM  

 

 

Title of research study: 

Patient perspectives on functional recovery and physical activity levels following 

oesophagectomy 

This study and this consent form have been explained to me. The investigator has answered all 

my questions to my satisfaction.  

I believe I understand what will happen if I agree to be part of this study. I will complete a 

recorded interview with the lead investigator of this study to discuss various topics related to 

physical activity and functional recovery from oesophageal cancer surgery.  

I understand my participation is voluntary and that I am free to withdraw at any time without 

giving any reason, without my medical care being affected. I agree to allow the investigator in 

this study to access my medical chart in order to record general socio-demographic details and 

information relating to the type of illness I have, the treatment/procedures I received and 

other and relevant data from my postoperative course to be used as study outcomes. 

I consent to the publication of data from this study and understand that my identity will 

remain confidential. I agree to the use of data collected in this study to be used in future 

studies without the need for giving consent again. 

I have read, or have read to me, this consent form. I have had the opportunity to ask questions 

and all my questions have been answered to my satisfaction. I freely and voluntarily agree to 

be part of this research study, though without prejudice to my legal and ethical rights. 

PARTICIPANT’S NAME: 

PARTICIPANT’S SIGNATURE: 

Date: 

Date on which the participant was first furnished with this form: 

Statement of investigator’s responsibility: I have explained the nature, purpose, procedures, 
benefits, risks of, or alternatives to, this research study. I have offered to answer any questions 
and fully answered such questions. I believe that the participant understands my explanation 
and has freely given informed consent.  

Investigator’s signature: 

Date:  
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Appendix XIV: Interview Schedule – Study 2  

 General health & physical functioning   

1. Since your operation/the completion of your treatment how has it been 
for you recovering your health, your strength and your fitness?  
 

 

  Do you feel back to normal? How long did this take?  
 

 

  Do you feel there are any differences in your lifestyle pre and 
post diagnosis? 
 

 

  Are there certain activities that you would not undertake now 
having had cancer and the treatment? 
 

 

 Physical activity levels   

2. The next thing we are going to talk about is physical activity... There are 
guidelines available regarding the amount of physical activity that is 
recommended for health benefits.   
Do you know how much activity is recommended for health benefits?  
What would be your impression of your own activity levels?   

 

  Would you consider yourself an active person currently? 
 

 

  How do your daily PA levels compare to what they were pre-
diagnosis?  
 

 

  What advice were you given regarding physical activity during 
and after your treatment?  
 

 

  Do you think exercise and increased activity would benefit you? 
How? 

(Benefits of exercise)  
 

 

 Barriers to activity/exercise   

3. Could you describe any barriers in your life which may have an impact on 
your PA levels?  
 

 

  If you have experienced body weight changes do you think this 
had an impact?  
(Weather?) 
(Decreased food intake?) 

 

  Side effects of treatment? Early/Late 
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  Did you find that family members did/do more for you?  
 

 

  Are/were you unsure about how much you were “allowed” to do 
after your cancer treatment? Are there certain things that you 
thought/think you should not do after your cancer treatment?  
 

 

  Are you restricted in any tasks/activities?  
 

 

 Rehabilitation   

4. It has been suggested that a rehabilitation programme (brief 
explanation) may be of benefit to people who are treated for 
oesophageal cancer. As clinicians trying to develop a programme of this 
nature the input of patients is extremely helpful...  
Is a rehabilitation programme something that you would have 
been/would be interested in?  
If no, why not?  
If yes, what do you think a rehabilitation programme should consist of?  

 

  At what time do you think it would be most appropriate/helpful 
to implement a rehabilitation programme?  
 

 

  Would you attend a rehabilitation programme/exercise class? 
 

 

  At any point during your cancer treatment and recovery would 
you have liked more information and advice regarding activity 
and exercise? 

 When? What? Do you think you would have been in a position to 
take this advice on board and implement it? What would have 
helped you to do this? 

 

 

 

That’s all the topics covered so unless there is anything you want to add we can finish 

there. Thank you. 
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Appendix XV: Letters of ethics approval for Study 3 & Study 4 
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Appendix XVI: Participant information leaflet and consent form for Study 3 & Study 4 

 

 Modifiers of Functional Performance during  

Treatment for Esophageal Cancer 

 

     Participant Information Leaflet 

 

Functional performance describes the ability to carry out normal activities such as 

walking or household tasks. Treatments for cancer of the oesophagus (food-pipe) such 

as chemotherapy, radiotherapy or surgery may alter normal functional performance. At 

St. James’s hospital we are interested in measuring the change that may occur in 

functional performance during oesophageal cancer treatment. This information will help 

us to understand the problems experienced by patients and plan rehabilitation 

strategies. The following study will identify factors which influence the ability to function 

normally during treatment for oesophageal cancer.  

 

Interventions such as inspiratory muscle training which is being prescribed in the 

PREPARE trial, may improve the ability to regain functional performance following 

surgery. The following study is being run in conjunction with the PREPARE trial. This 

information leaflet refers only to assessments which are additional to the PREPARE 

trial. All other details regarding your rights and data confidentiality are outlined in the 

PREPARE trial information leaflet.  

 

What measurements are involved? 

The following selection of assessments will be completed. Many of these measures are 

carried out as part of your routine medical care and will be completed during your 

routine hospital visits. The first assessment will be completed at the time of your 

diagnosis. 

 

 A walking test 

o You will be asked to walk along a marked path on the hospital corridor for 6 

minutes. You can walk at your own comfortable speed and will be able to 

rest during this time if you require.   
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 Muscle strength 

o We measure hand grip strength using a hand-held measurement device.  

 

 

 Physical activity 

o We complete a physical activity questionnaire during your appointment and 

provide you with an activity monitor to wear at home for one week. We will 

also take some time to discuss with you how easy or difficult it is for you to 

be active and ask you to identify reasons may affect your ability to be active. 

Your activity levels will also be recorded during the first five days following 

your surgery. Activity will be measured by the activity monitor which will be 

worn on your waist. Your activity patterns will be recorded by your treating 

physiotherapist and nurse.   

 

 Body composition 

o We will measure your height, body weight and BMI.  

 

 

What are the risks? 

We do not anticipate adverse effects during the assessments. You may feel a little tired 

after the walking test however we expect that you will recover quickly. No serious 

adverse events are anticipated.  

 

I have more questions, who will I ask? 

For more information or answers to your questions about the study, your participation in 

the study, and your rights from Emer Guinan (Lead Investigator & Physiotherapist) who 

can be telephoned at (01) xxxxxxx (9am to 5pm Monday to Friday).  
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 Modifiers of Functional Performance during  

 Treatment for Esophageal Cancer 

 

     Consent Form 

 

This study and this consent form have been explained to me. The investigator has 

answered all my questions to my satisfaction.  

I believe I understand what will happen if I agree to be part of this study. I understand 

my participation is voluntary and that I am free to withdraw at any time without giving 

any reason, without my medical care being affected. I consent to the publication of data 

from this study and understand that my identity will remain confidential. I consent to the 

processing of my data collected as part of this study.  

 

I agree to allow the investigator in this study to access my medical chart in order to 

record information that might be relevant to the study. 

0 yes 

0 no 

I consent to my physical activity and physical performance measures being stored at 

an institutional database at Trinity College Dublin for use in future research.  

0 yes 

0 no 

I agree to the use of data collected in this study to be used in future studies without the 

need for giving consent again. 

0 yes 

0 no 

 

I have read, or had read to me, this consent form. I have had the opportunity to ask 

questions and all my questions have been answered to my satisfaction. I freely and 

voluntarily agree to be part of this research study, though without prejudice to my legal 

and ethical rights 
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Subject name: .................................................................................................. 

 

Date of Birth: ................................................................................................. 

 

Signature:        Date : 

----------------------------------------------------------------------------------------------------------------- 

Statement of investigator’s responsibility 

I have explained the nature, purpose, procedures, benefits, risks of or alternatives to 

this research study. I have offered to answer any questions and fully answered such 

questions. I believe that the participant understands my explanation and has freely 

given informed consent. 

Name investigator (or representative): ...................................................................... 

 

Signature:         Date: 

----------------------------------------------------------------------------------------------------------------- 
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Appendix XVII: Interview Schedule – Study 4 

 PA levels   

1. The first thing we are going to talk about is physical activity... There 
are guidelines available regarding the amount of physical activity 
that is recommended for health benefits.   
Are these guidelines something you would be aware of?  
Do you know how much activity is recommended for health 
benefits?  
 

 

  What would be your impression of your own activity levels?  
Would you consider yourself an active person currently? 
  

 

  How do your daily PA levels compare to what they were 
before you were diagnosed?  
 

 

  Would you have been an active person throughout your 
life? Has that changed? Why?  
 

 

 The effect of diagnosis and treatment on PA levels   

2. You have just completed your chemotherapy and/or radiotherapy 
treatment... Looking back over the past few weeks how would you 
describe your energy and activity levels? 
 

 

  Have you experienced any side effects from the treatment 
which have impacted on your exercise and activity levels 
and /or your strength? 
 

 

  Have you experienced any significant body composition 
changes? Has this had an impact on your 
energy/exercise/PA levels? 
 

 

  Are you experiencing any functional limitations at present?  
Are you limited functionally in any way? Is there anything 
that you would like to do that you are not able to?  

 

  Apart from what we have already mentioned can you 
describe any barriers to exercise and PA you are currently 
experiencing?  
Are you as active as you would like to be? 

 

  Do you think being more active at this time would be 
beneficial to you?  
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 Prehabilitation  
 

 

3. It has been suggested that a prehabilitation programme (brief 
explanation) may be of benefit to people who are awaiting surgery 
for oesophageal cancer. As clinicians trying to develop a 
programme of this nature the input of patients is extremely 
helpful...  
Do you think you would have been willing/able to complete an 
exercise programme over the past few weeks/presently? 

 

  Do you think something like this would be beneficial before 
your surgery? 

 

  In terms of an exercise programme what would be your 
preferences in terms of: 

 Home based/hospital based (Do you think you would 
comply with a HEP? Would you be willing to travel/come in 
for extra appointments?)  

 Individual/group?  
 Type: Aerobic/resistance/respiratory training/combination?  
 Combined with input from other health care professionals 

e.g dietician, O.T, nurse, doctor..? 
 

 

 

 

That’s all the topics covered so unless there is anything you want to add we can finish 

there. Thank you. 

 

 


