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Abstract 

 

Background: Lower treatment rates in older patients with cancer exist but may reflect 

contraindications of advanced disease, comorbidities and frailty. This thesis aimed to firstly 

review the evidence for under-treatment (UT), secondly to assess the potential for UT using 

patient-level cancer registry data and secondary population-based statistics, finally to 

compile a dataset and develop a method to quantify UT in the older breast cancer (BC), lung 

cancer (LC) and colorectal cancer (CRC) patients. 

 

Methods: The potential for UT was assessed using EUROCARE-5 – a large population-based 

survival estimates database, and data from Northern Ireland Cancer Registry (NICR). To 

quantify UT, information for patients diagnosed with BC, LC and CRC between 2011-2015 was 

collated from hospital episodes, multidisciplinary team meetings, the NICR and self-reported 

health status (SRHS) from the 2011 NI Census data. Age was categorised into younger (<75 

year of age) and older (≥75), and primary treatment defined as surgery, chemotherapy, 

radiotherapy or no treatment. A causal inference mediation approach, g-computation, was 

used to estimate 1) the total causal effect (TCE) of age on 1-year observed survival, which 

was partitioned into 2) the natural indirect effect (NIE) mediated through treatment and 3) 

the natural direct effect (NDE) not mediated through treatment but through stage, 

comorbidities, and performance status. 

 

Findings: Potential for UT was indicated by, (a) lower conditional relative survival (conditional 

on surviving one year) in the older, compared to the younger, BC and LC patients (p<0.05), 

(b) a drop in stage-specific surgery rates in the older (-3%) compared to the increase (+2.5%) 
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in the younger, and lower increase in 2-year net survival in the older (5.9%) compared to the 

7.5% increase in the younger CRC patients, over two time periods; 2000-2007 and 2008-2015, 

(c) lower treatment rates and lower survival in the older BC, LC and CRC patients in a 

systematic review conducted as part of this thesis. In the mediation analyses quantifying UT, 

(a) compared to the younger patients, older patients were less likely to receive surgery, 

radiotherapy, chemotherapy, but were more likely to receive hormone therapy (for BC only), 

(b) the TCE of older age on survival for LC, CRC and BC patients was (-14.1% 95% CI, -17.5% 

— -10.7%), (-23.6% 95% CI -28.7% — -18.4%) and (-10.1% 95% CI -14.0% — -6.1%), 

respectively. UT (i.e., NIE) was quantified for LC, CRC and BC as (-4.5%; 95% CI -6.8% —-2.2%), 

(-9.6%; 95% CI -13.4% — -5.8%) and (-0.7%; 95% CI -5.1% — 3.6), respectively. Therefore, of 

every 100 older patients, an extra 4 to 5 LC and 10 CRC patients would be alive at one year 

had they received the clinically-specific treatment rates of the younger patients. There was 

no substantial evidence to suggest UT in the older BC patients.  

 

Interpretation: About 32% (for LC) and 40.7% (for CRC) of the reduced survival in older 

patients were attributed to UT. This thesis highlights the potential of offering more clinically-

specific treatments to older LC and CRC patients and the need for comprehensive geriatric 

assessment in these patients with complex health needs.   
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Chapter One  

Introduction 

1.1 Abstract 

Health services endeavour to ensure equal treatment access for all cancer patients and that 

treatment decisions address each patient’s objective needs. Services should be able to adapt 

to the changing and diverse cancer patient population to ensure adequate care is provided 

to every individual and group. However, there is evidence of inequities in individual’s 

outcome based on their age, gender, socio-economic status and ethnicity1. Evidence suggests 

unequal treatment provision based on age2, gender3, ethnicity4 and socio-economic status5 

rather than proper clinical assessment. This thesis focuses on age-related cancer treatment 

differences, which is contributing to poor cancer survival in the UK.   

This introductory chapter highlights the potential for UT, especially in the UK, and defines UT 

as the proportion of the deficit in survival between younger and older patients that is 

explained by lower treatment rates in the older.  

 

1.2 Age-related under-treatment 

A recent report by Cancer Research UK highlighted under-treatment (UT) as a potential cause 

of poorer survival in older adult (aged 75 and over) cancer patients2. National guidelines6–8 

and cancer charities2,9 have reported the potential for UT in the older patients, despite NICE 

guidance stating that all patients, irrespective of age, should be given optimal treatment10. 

The International Society of Geriatric Oncology (SIOG) guidelines recommend that older 

patients have a comprehensive geriatric assessment (CGA) carried out to ensure that an 

objective measure of their individual life expectancy, and not age per se, is informing clinical 

decisions about them11. Parity in access to and receipt of treatment12 and persistently lower 
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survival13 in older cancer patients (compared to younger) raise the concern about UT in the 

UK. Lower treatment rates14 and  lower stage-specific survival14–16 in the elderly in the UK 

compared to other high-income countries indicate the potential for UT (in the UK). UT can be 

facilitated by a lack of evidence-based (e.g. clinical trials17) treatment criteria for older cancer 

patients, training in geriatric assessment18, and ageism19 contributing to clinicians’ reluctance 

to treat older patients.  

1.2.1 Complexity of age-related UT 

The worldwide increase in cancer incidence and mortality reflects an ageing population, as 

age is one of the biggest risk factors of cancer. Older people (≥ 75 years old) are the fastest-

growing segment of the world population. In 2018, over a third of the estimated number of 

new cancer cases were diagnosed in the older population20. In the UK, between 2014 and 

2016, each year, over a third (36%) of new cancer cases were diagnosed in people aged 75 

and over21. For all cancers combined, projected data from 2015 to 2035 indicates that all-

cancer age-standardised incidence rates will increase by 0.07% per annum, with rates being 

highest in people aged 75 and over22. Although there have been marked improvements in 

cancer care in recent decades, improvement in 5-year survival is less apparent in older 

patients23.  

Furthermore, the growing number of older patients with complex needs24, adds to the 

pressure on the health system’s budgets25,  causes shortages in key professional groups2, and 

leaves limited time for the longer consultations that older patients require and 

multidisciplinary teams (MDTs) discussion26, all of which leads to lengthy cancer treatment 

delays27 and even to UT28. 
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1.3 The potential for age-related UT in the UK 

1.3.1 Treatment rates 

Emerging evidence suggests that older people have a reduced chance of accessing some 

types of treatment than younger people, even though their overall need is usually 

greater29,30. For instance, for conditions that are more prevalent in the elderly population, 

such as cancer, heart disease and stroke, older patients are treated less31. Additionally, older 

people are less likely to be referred to intensive care, they wait longer in accident and 

emergency departments and have less access to palliative care31. Lack of surgery32 and less 

adjuvant chemotherapy33 and radiotherapy34 for older women with breast cancer (BC) has 

been reported in the UK. Similarly, treatment rates in the UK for lung cancer (LC)35 and 

colorectal cancer (CRC)14,36 are lower than other comparable high-income countries and is 

notably lower again in older patients.  In England - between 2006 and 2010 - for thirteen 

cancer sites (including LC, BC and CRC), increasing age was associated with less surgical 

treatment, with the oldest age group persistently having a lower percentage of major 

resection (see Figure 1.1). Data for patients diagnosed in 2013–2015 for all malignant 

tumours (including LC, BC and CRC), highlights greater reduction in tumour resection, 

chemotherapy and radiotherapy in older patients (Figure 1.2).   
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Figure 1.1: Percentage of patients with a record of a major resection by age - for selected cancer 
types - in England, 2006 to 2010 (Source: Public Health England12). 

 

1.3.2 Survival 

Before equating lower treatments to under-treatment, it is necessary to see if survival of 

patients is also lower in older patients. 

The International Cancer Benchmarking Partnership (ICBP) is an international 

multidisciplinary collaboration that compares cancer outcome between countries of similar 

cancer registration coverage and healthcare provision. Between 1995 and 2007 for BC, LC, 

CRC and ovarian cancer in six countries; Australia, Canada, Sweden, Norway, Denmark and 

the UK, the ICBP identified that, although survival has improved in all four cancers in all 

countries, survival is persistently lower in the UK nations and Denmark, as well as for older 

patients37. A recent ICBP report38 shows that survival in the UK still lags behind that of 

comparable countries. These findings reinforce those of EUROCARE - the largest collaborative 
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research project on the survival of European cancer patients. The latest EUROCARE study, 

involving patients diagnosed between 2000 and 2007, demonstrates that mean age-specific 

5-year relative survival for many cancers is lower in the UK than in Germany, the Netherlands, 

France and Sweden39.   

International stage-specific survival, a proxy measure of cancer management and effective 

treatment,  for BC16, LC15 and CRC40 is lower in the UK than countries of comparable 

expenditure on health service.  

Research by the King’s Fund – a charity organisation that studies the health-care system in 

England – argues that better management of older cancer patients could improve overall 

cancer survival in England41. About 14,000 cancer deaths could be prevented each year in the 

UK for people aged ≥75 years, if UK’s excess mortality rates due to cancer matched those of 

the USA42.  
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Figure 1.2: Proportion of all malignant tumours (excluding non-melanoma skin cancer) diagnosed 
in England between 2013 and 2015, by age group 

 

1.4 Appropriate treatment conditional on clinical profile 

Treatment rates and survival are likely to vary due to differences in the typical clinical profile 

of younger versus older cancer patients. Clinical factors, such as advanced-stage disease, 

comorbidity and frailty associated with age affect the ability of a patient to tolerate cancer 

treatment and thereby, lead to legitimate withholding of treatment.  

1.4.1 Stage 

Cancer stage at diagnosis is a key prognostic factor for outcomes43. Staging provides a 

method of defining the extent of disease and informs treatment decision-making. Surgery 

and radiotherapy are generally used to treat localised tumour and may cure cancer 

completely. Systemic treatments to the whole body including chemotherapy, hormone 

therapy and targeted cancer drugs are administered to treat cancer that has spread to other 
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regions of the body, i.e. non-localised or advanced disease44. The earlier cancer is detected, 

the greater likelihood of successful treatment and outcome. 

For the main cancer sites in England, between 2013–2015, patients with early stage (stages 

I-II) compared to late-stage (stages III-IV)45, had a higher proportion of tumour resection (68% 

vs 28%), a similar proportion of radiotherapy (32% vs 31%), and a lower proportion of 

chemotherapy (20% vs 42%). Also, older patients present with more advanced disease, 

resulting in lower curative treatment rates and worse survival outcome33,46. In England, for 

BC, LC, CRC, prostate cancer and ovarian cancer patients, stage and age were most strongly 

associated with excess mortality within 1-year of diagnosis43.  

1.4.2 Comorbidity 

The coexistence of other chronic conditions in the cancer patient have ramifications on 

treatment decisions and outcomes for both the cancer and chronic disease47. At the time of 

diagnosis, older cancer patients are likely to suffer from other  comorbidities as there is an 

increase in chronic diseases with increasing age48. The prevalence of comorbidity in older 

BC49, LC46, and CRC50 patients is higher than in younger patients, and higher comorbidity is 

associated with a lower likelihood of receiving treatment46,49,50 and poorer survival46,49–51. 

1.4.3 Frailty 

Frailty is the condition of being weak and delicate, and is a common trait of old age. Frailty 

may be defined as a decreased physiological ability across multiple organ systems52. In a 

systematic review consisting of 20 studies evaluating 3,000 participants, the prevalence of 

frailty and pre-frailty in older cancer patients were estimated as 42% and 43%, respectively53. 

Frailty was associated with postoperative outcomes, such as complications, prolonged length 

of stay and discharge to residential care facility, in a surgical population aged 75 and over54.   
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1.4.4 Patient choice 

The UK National Cancer Strategy identified poor health and patient choice as the only 

legitimate grounds for older cancer patient not receiving clinically appropriate treatment6,7. 

However, patient choice was not a frequent cause of lower rates of surgery among 800 older 

(aged 70 and over) BC patients32. Also, qualitative studies suggests that older BC patients are 

more passive decision-makers, reliant on the advice of healthcare professionals55,56, while LC 

patients have rated clinician guidance as the most important factor when making treatment 

decisions, in a sequential mixed-method study57. Hence, it may be deduced that poor health 

is the main reason of lower treatment receipt in older patients. 

 

1.5 Current approach to measuring UT  

1.5.1 Experimental design and data 

Population-based studies have the advantage for quantifying age-related UT because older 

patients are potentially under-represented in many sample or hospital-based studies. 

Although randomised control trials (RCTs) are the gold standard of clinical research, they 

suffer from limited follow-up and generally under-represent individuals with comorbidities 

who are usually older subjects. This short-coming is overcome in population-based 

observational studies combining cancer registry data and healthcare patient-level clinical 

information such as stage, comorbidities, frailty and treatment modalities, but also this 

approach can assess system effectiveness in delivering treatment and not only treatment 

efficacy.   
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1.5.2 Measurement of UT from previous studies 

Older cancer patients may receive lower treatment rates47,58 for genuine reasons such as 

presenting with a higher prevalence of comorbidity59, poorer performance status (PS)53 and 

advanced cancer stage at diagnosis14,60. Therefore, intuitively estimation of UT requires 

consideration of the individual patient’s clinical profile, thus it is necessary to define 

‘clinically-specific’ treatment rates. “Clinically-specific” refers to the treatment rate in a 

group of patients who are defined by the same specific set of clinical factors, e.g. Stage I 

disease, with Eastern Cooperative Oncology Group (ECOG, performance status scoring 

system) 0, and who suffer from diabetes and heart disease. Within this cohort, potential UT 

in the elderly could be assessed through comparing clinically-specific treatment rates in the 

younger and seeing if any difference affected survival outcome in the two groups.  

Previous population-based studies have indicated the potential for age-related UT comparing 

treatment rates in the young and old - adjusted for stage, comorbidity and rarely frailty - and 

observing any corresponding survival differences (see Chapter 5). This descriptive association 

of marginal surgery rates to survival in the two age groups cannot be equated with UT as it is 

subjected to ecological bias that is avoided when analysis is carried out at the individual level. 

The comparison of these marginal quantities does highlight however, the potential for UT.  

 

1.6 Definition of UT 

As discussed above, estimation of UT needs to consider patients’ clinical profile and estimate 

clinically-specific treatment rates and relate this to clinically-specific survival. The optimal 

clinically-specific treatment rates, ideally defined by evidence-based clinical guidance, should 

give rise to the optimal clinically-specific survival. Any lower rates could then be referred to 

as absolute UT. In many situations, the optimal clinically-specific rates cannot be defined in 

an absolute way for the vast array of clinically-specific situations. However, relative UT could 
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be defined whereby superior clinically-specific rates in some sub-group of the population, 

such as the young or the affluent, could be defined and compared to another sub-group 

where UT might be suspected, e.g. the older, the deprived. 

For this thesis, UT is defined as the proportion of the deficit in survival between younger and 

older cancer patients that is explained by lower clinically-specific treatment rates in the older. 

1.6.1 Causal mediation approach for measuring UT 

UT can be framed as a mediation question, that is, it seeks to explore the relationship 

between an exposure (i.e., age) and outcome (i.e., survival) through the mediation of 

treatment receipt. The Direct Acyclic Graph (DAG) in figure 1.3 presents the causal pathway 

of the relationship between key variables involved in defining UT. On the causal pathway, the 

effect of age (X) on survival (Y) acts through treatment receipt (M) conditioning on 

demographic factors (confounders e.g., gender and socio-economic status (C), and clinical 

profile (intermediate confounders e.g., cancer stage, comorbidity and frailty (L).  

 

 

 

 

Figure 1.3: The Directed Acyclic Graph (DAG) of causal pathways involved in under-treatment for 
the following variables: confounders (sex, deprivation; C); intermediate confounders (stage, 
comorbidity, frailty; L), exposure (age groups, <75 & ≥75; X), mediator (treatment; M), outcome 
(survival; Y). NOTE: the blue arrow shows X directly influences M 

 

The conventional regression mediation approach produces biased estimates61 of the direct 

effect of age on survival mediated through treatment (M) in the presence of intermediate 

confounders (L)  of the M−Y relationship61, because conditioning on the L will block the path 
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X→L→Y, even though such conditioning is necessary to estimate the unbiased effect of M on 

Y.  

The g-computation62 is based on the counterfactual framework and overcomes the challenge 

of intermediate confounding by generating pseudo-populations, where exposure and 

mediators values are controlled, and individuals with counterfactual values have their L 

factors simulated and survival predicted using models fitted on the original cohort of patients 

(see Chapter 6, Section 6.4 & Chapter, 7 Section 7.6.5).  

  

1.7 Aims of the thesis 

The primary aims of this thesis were to: 

 Examine the potential for UT in older BC, LC and CRC patients in secondary data 

sources and routine population-based cancer registry data; 

 Quantify UT as the proportion of the deficit in survival between younger and older 

patients that is explained by lower clinically-specific treatment rates in the older, 

using g-computation formula.  

 

1.8 Thesis outline 

Chapter One 

Chapter 1 has offered a brief introduction to the thesis, including a definition for UT in the 

context of this thesis. It has also provided a succinct overview of potential UT, key 

confounding clinical factors necessary to adequately quantify UT and the limitation of 

conventional regression mediation analysis. 

Chapter Two 

This chapter is an introduction to breast, lung and colorectal cancer, including epidemiology, 

risk factors, pathology, tumour types, prognosis and treatment.  
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Chapter Three 

This epidemiological study assesses the potential UT in older cancer patients in Europe, using 

secondary data from EUROCARE-5, Europe’s largest population-based cancer patient survival 

study, and corresponding national demographic and cancer spend. The study examines the 

difference in 5-year conditional relative survival (CRS), given that a patient has already 

survived one year after their initial diagnosis, between younger (55-74) and older (≥75) BC, 

LC and CRC patients. 

Chapter Four 

A population-based observational study using patient-level from the NI Cancer Registry 

(NICR), examining the potential for surgical UT in elderly CRC patients in Northern Ireland 

(NI). The study studies whether there is any evidence that, with an increasing cancer patient 

population, older patients receive proportionally less treatment and have poorer outcomes 

over time. It compares, retrospectively, differences in stage-specific surgery rates and net 

survival in both younger (<75) and older (≥75) patients, over two time periods; 2000-2007 

and 2008-2015, spanning 16 years.  

Chapter Five 

Employing systematic review and meta-analysis methodology, this chapter a) assesses 

surgery rate difference between young and old BC, LC, CRC patients, b) assesses 

corresponding survival and c) assesses how information pertaining to (a) and (b) has been 

combined to infer UT, considering the presence of comorbidity and/or other health factors. 

This chapter details the systematic search strategy and the assessment of the methodological 

quality of the included studies, based on the Newcastle - Ottawa Quality Assessment Scale.   
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The review protocol has been registered (CRD42017064475) on PROSPERO 

(https://www.crd.york.ac.uk/prospero/), an international prospective register of 

systematic reviews.  

Chapter Six 

This chapter details the methodology used to quantify UT in the two subsequent chapters. It 

describes the framing of UT as a mediation question, and the application of causal inference 

methodology using the g-computation formula to estimate three key measures - total causal 

effect (TCE), natural direct effect (NDE) and natural indirect effect (NIE) – needed to identify 

UT. 

Chapter Seven 

This chapter employs a population-based retrospective and observational design using 

patient-level from the NICR to quantify how much of the lower survival in older patients with 

non-small cell lung cancer (NSCLC) is mediated through lower treatment rates in the elderly, 

adjusting for clinical factors.  

A manuscript entitled “Quantifying UT in older adult lung cancer patients in Northern Ireland” 

has been composed and submitted for publication, based on the findings from this 

investigation. 

Chapter Eight 

This chapter utilises a linked dataset between the NICR and the Northern Ireland Longitudinal 

Study (NILS). Building on chapter 7, this study seeks to quantify further UT in older adult LC 

patients, as well as BC and CRC patients using self-reported morbidities and frailty markers 

derived from the NI 2011 Census data.  This study also describes the administrative data used 

and the procedures for linking the datasets and gaining access to the secure environment of 

at the Northern Ireland Statistics and Research Agency (NISRA).  

https://www.crd.york.ac.uk/prospero/
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Chapter Nine 

This final chapter gives an overall summary of the findings and conclusions identified from 

each of the studies conducted in the thesis. The broad ramifications of the work conducted 

are illustrated, and potential future research opportunities are discussed.  
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Chapter Two 

Background information on breast, lung and colorectal 
cancers 

 

2.1 Overview of the Chapter 

This is a descriptive introductory chapter including epidemiology, risk factors, pathology, 

tumour types, prognosis and treatment for breast, lung and colorectal cancers. It provides 

necessary background information required to fully understand the aims of the thesis and 

the some of the reasoning behind focusing on the three most common cancers in the world.  

 

2.2 Breast cancer  

Breast cancer refers to uncontrolled growth of cells in the breast tissue. It arises when cells 

of the breast become malignant, invade adjoining tissues and spread (metastasise) to distant 

organs of the body, primarily through the lymphatic system. Most (80%) BCs start in the cells 

of the ducts, attracting the term invasive ductal carcinoma63. Invasive lobular carcinoma is 

the second most common form of breast cancer, which begins in the cells that line the lobules 

of the breast. Ductal carcinoma in situ (DCIS) is an early non-malignant form of breast cancer 

(i.e. pre-invasive) developing in the epithelial cells (the cells in the lining of the milk duct). 

DCIS may become invasive and spread to the surrounding tissues if left untreated64.   

Worldwide, female BC is the second most commonly diagnosed cancer contributing 

2,088,849 (11.6%) of the newly diagnosed cancer cases in 2018 and is a major contributor to 

female morbidity and mortality20. In the UK, it is the most common cancer type, accounting 

for about 15% of all new cases, and second most common cause of female deaths (15%)65. 

With an increasingly aging population, incidence rates of BC are projected to rise by 2% in 
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the UK between 2014 and 2035.  There is generally a sharp increase in BC between the ages 

of 30-34, and 65-69, it then increases gradually until an overall peak in the over 85s (see 

Figure 2.1)66. Of the 55,000 cases diagnosed in 2015 in the UK, almost half of these were 

diagnosed in people aged 65 and over (2013-2015 UK data)66.  

Survival for BC has improved over the past decades. In the 1970s, 4 in 10 women diagnosed 

with BC survived their disease beyond ten years, during 2010-2011 it was around 8 in 1067, 

though, there is a significant risk of disease-relapse and progression68. Five-year relative 

survival for BC in women in England, Wales and Scotland is below the European average but 

similar to the European average in Northern Ireland67. In Northern Ireland, about 1,400 new 

cases are diagnosed each year and about 300 women die from breast cancer yearly69. 

 

 

Figure 2.1: Average Number of New Cases per Year and Age-Specific Incidence Rates per 100,000 
Population, Females, UK [Source: CRUK66] 

 

2.2.1 Risk factors 

In the UK, about 15% (1 in 7) women born after 1960 will be diagnosed with breast cancer in 

their lifetime22. An individual’s risk of developing breast cancer depends on many factors, 
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however, increasing or older age is the main risk factor for cancer70, which mostly reflects 

cell DNA damage accruing over time. Damage can result from biological processes or from 

exposure to non-modifiable and/or modifiable environmental risk factors. Along with age, 

non-modifiable risk factors include gender, family history (i.e. first degree female relative), 

genetic mutations in the human tumour suppressor genes (i.e. BRCA1 and BRCA2 genes), a 

history of benign disease (e.g. fibroadenomas), height, breast tissue density, age at 

menarche, age at menopause, socio-economic status and ethnicity. However, a number of 

these factors are modifiable through effects in the early years of life. 

It is considered that 23% of cases in the UK are preventable and the modifiable factors 

implicated include weight, alcohol, ionising radiation, breastfeeding, age at first birth, 

physical activity, and use of oral contraceptive pills, hormone replacement therapy, use of 

non-steroidal anti-inflammatory drugs (NSAIDS) and diethylstilbestrol (DES) exposure. 

Specifically, according to the International Agency for research on Cancer (IARC) and World 

Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) there is a 

substantial evidence that drinking of alcohol, being overweight and obese, and not 

breastfeeding increase risk of breast cancer71,72. In the UK (using cancer incidence data for 

2015), about 8% of BC cases were attributed to consumption of alcohol, 8% to overweight 

and obesity and an additional 5% to not breastfeeding73.   

2.2.2 Prognosis 

Many factors can affect the likely outcome of breast cancer. Important prognostic factors 

that may affect disease progression and/or death include route to diagnosis, severity of 

cancer at diagnosis (i.e. stage) and cell abnormality (i.e. grade), hormone receptor status, 

treatment (section 2.2.3) as well as other existing illnesses (comorbidity) and performance 

status (see section 1.6). Stage is typically categorised in agreement with the tumour-node-

metastasis (TNM) system, taking the size of the tumour (T), lymph node involvement (N) and 
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metastasis (M) into consideration at diagnosis74. The assigned staging classification is 

primarily used to plan BC treatment. Grade is used to assess how closely malignant tissue 

resembles (similar) healthy tissue and scales from well-differentiated (low grade), 

moderately differentiated (intermediate grade) and poorly differentiated (high grade). The 

grading can predict aggressiveness of tumours as higher grade cancers tend to grow and 

spread more quickly, thereby needing faster or more intensive treatment75. BCs grow in 

response to hormones in the blood (i.e. estrogen and progesterone) binding to receptors 

(proteins) in and on breast cells, and about 70% of all breast cancers in the UK are estrogen-

receptor-positive (ER+)76. Hormone receptor status has strong prognostic factor in BC as 

tumours with abundant estrogen and/or progesterone are less aggressive than those without 

(i.e. negative)77. 

2.2.3 Treatment 

The main treatments for BC are local treatments (i.e. surgery and radiotherapy) and systemic 

treatments (i.e. chemotherapy, hormone therapy and targeted [biological] therapy). 

Treatment used will vary from patient to patient based on tumour location, size, spread of 

cancer (i.e. metastasis), the general health of a patient and patient preference. The main 

treatments of BC are presented below: 

2.2.3.1 Local treatment: Surgery and Radiotherapy 

Surgical removal of the malignant tumour is the mainstay management of BC and is mainly 

of two types. Breast-conserving surgery (BCS), comprising lumpectomy, wide-local excision 

or partial mastectomy, is the removal of cancerous lump (tumour) and a small area of 

surrounding tissue. Mastectomy involves the removal of the whole breast for later-stage 

disease. Radiotherapy to the chest is a highly targeted and effective way to destroy remaining 

cancer cells after surgery, thereby reducing the likelihood of recurrence and improving 
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prognosis77. Sentinel lymph node biopsy (SLNB) – a procedure in which the sentinel lymph 

node (located in the axilla, or armpit area) is identified (from the lymphatic system), 

removed, and examined - is frequently conducted during surgery as an indication of whether 

the cancer has spread and any need for further treatment78. Additionally, immediate or 

delayed breast reconstruction are to be offered to women after mastectomy, including those 

who may need radiotherapy, unless significant comorbidities precludes reconstructive 

surgery79.   

Following BCS, clinical guidance recommends radiotherapy in instances where cancer is 

limited to a small, distinct area (i.e. early stage). Whole-breast radiotherapy should be 

offered to those with invasive BC but with a clear margin, while a consideration for partial 

breast radiotherapy is recommended for those with invasive cancer (excluding lobular type) 

with clear margins and who have a low absolute risk of local recurrence (defined as women 

aged 50 and over)79.  

2.2.3.2 Systemic therapy 

Systemic therapies administered orally or intravenously are typically administered to prevent 

or reduce recurrence and improve survival after surgery. However, neo-adjuvant (i.e. before 

surgery) systemic therapy can be used to reduce the size of large tumours before surgery.  

Adjuvant chemotherapy - uses cytotoxic drugs to destroy remaining cancerous cells and is 

usually given once every 3-weeks for four-to-six cycles. Regimens containing taxane and an 

anthracyline should be offered to those with high-risk invasive cancer. Docetaxel added to 

an anthracycline containing regimen is recommended triweekly, although weekly or 

fortnightly dosage of a paclitaxel regimen is optimal – especially in people with comorbidity79. 

After surgery – and subject to multidisciplinary team assessment of prognostic - patients with 

a HER2-positive tumours between 1-2 centimetres should be offered biological therapy i.e. 
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trastuzumab, a monoclonal antibody, triweekly for 1 year, intravenously. This can be 

combined with surgery, chemotherapy and radiotherapy in certain situations. 

Bisphosphonate therapy (zoledronic acid or sodium chlodronate) should be offered to 

postmenopausal women with node-positive invasive cancer79.   

Hormone therapies are used to lower the levels or block the effects of estrogen or 

progesterone in the body. They inhibit estrogen from stimulating the cancer cells to grow 

and divide. As mentioned earlier, about 70% of all breast cancers are estrogen-receptor-

positive (ER+)76. Patients with ER-positive breast cancer are offered endocrine therapy (i.e. 

tamoxifen or an aromatase inhibitor) for 5-years. Pre-menopausal women and men are 

started on tamoxifen, while postmenopausal women are offered an aromatase inhibitor as 

the initial adjuvant endocrine therapy80.  

As with all cancer types, depending on the size, stage and grade of the breast tumour, the 

benefit of chemotherapy varies, but is generally favourable irrespective of ER-status, 

although it may be more favourable for ER-negative tumours81.  Patients with advanced 

metastatic disease are offered systemic sequential therapy to control secondary spread or 

reduce symptoms relating to metastatic disease82. 

2.3 Lung cancer 

Worldwide, lung cancer is one of the most severe types of cancer and the most common type 

contributing 11.6% (2,093,876) of the total number of new cases in 201820. Population ageing 

has contributed to the rapid increase in the number of new cancer cases worldwide20 and in 

Europe83. Older adults have higher incidence rates84 and will contribute a greater proportion 

of cases by 203522,84 In the UK, of the 46,000 lung cancer cases diagnosed yearly (form 2013-

2015), over 44% were in people aged 75 and over. Incidence rates are highest in people aged 

85 to 89 for males and the 80 to 84 age group for females85.Furthermore, males have higher 

rates (53%) than females (47%), but the age-standardised incidence rates decreased by 10% 
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in males and 18% in females between 2003-2005 and 2013-2015. Incidence rates are 

projected to decrease by 7% between 2014 and 2035, which includes a more significant 

decrease for males (14%) than for females (<1%)85. 

In the UK, it is the third most common cancer, responsible for approximately 13% of all new 

cases85, and is the leading cause of cancer deaths accounting for 21% (35,620) of all cancer 

deaths in 201686. In the UK, survival since the 1970s87 for lung cancer has not improved 

significantly, in comparison with other cancers, and the 5-year relative survival (9%) is 

currently below the European average of 13%39. About 30% of men diagnosed with lung 

cancer (during 2010-2011) survived their cancer for at least one year compared with 35% 1-

year survival in women87. These percentages drop markedly at 5-years to 8% for men and 

12% in women. Survival decreases with increasing age and is highest in those aged 15-39 and 

lowest in the 85-99 age group. Specifically, in Northern Ireland, about 1,263 new cases are 

diagnosed each year, and 990 (78%) will die from lung cancer yearly; 32% of patients 

diagnosed between 2006-2010 survived for at least 1-year88. 

2.3.1 Types of Lung cancer 

Primary lung cancer is a malignancy characterised by uncontrolled cell growth in lung tissues 

and is broadly classified into two types; non-small-cell lung cancer (NSCLC) and small-cell lung 

cancer (SCLC). NSCLC is considerably more common, accounting for about 87% of all cases 

and can be either adenocarcinoma, squamous cell carcinoma or large cell carcinoma, based 

on the type of cells found in the tumour. They are grouped because they behave and respond 

to treatment similarly89. Adenocarcinoma starts in the gland cells (in the lungs) responsible 

for secreting mucus and is responsible for most cases in people who have never smoked90. 

Squamous cell carcinoma begins in the squamous cells lining the inside of the airways in the 

lungs, contributes approximately 30% of all lung cancers and is more associated with smoking 

than other types of NSCLC91. Large cell carcinoma begins mostly in the central part of the 
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lung, and is usually detected at a later stage as it tends to grow and spread quickly92, and is 

mostly found in men. SCLC accounts for about 12 percent of all lung cancer cases, but usually 

spreads more quickly than NSCLC, is usually caused by smoking and is diagnosed typically at 

an advanced stage93. There are two main types of SCLC: small-cell carcinoma (oat cell cancer) 

and combined small-cell carcinoma. SCLC usually begins in the bronchi in the centre of the 

chest, and rarely in the peripheral of the lungs and is a type of neuroendocrine tumour93 

(Figure 2.2).  

 

Figure 2.2: Types of lung cancer (Source: Lungevity Website, www.lungevity.org) 

2.3.2 Risk factors 

Lung cancer is associated with several risk factors most of which are avoidable as they mostly 

involve lifestyle choices. Substantial evidence has been established for a number of these 

factors, and according to a recent study published in the BMJ (2018), 79% of lung cancer 
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cases are preventable in the UK94. In the UK, the lifetime risk of getting lung cancer is 

estimated as 1 in 13 (8%) for males, and 1 in 15 (6%) for female, for those born after 1960. 

Lung cancer is a disease of old age as it is mostly diagnosed (17.5%) in people aged 70-74 and 

is rarely diagnosed in those younger than 4085. In the UK, approximately 72% of cases are due 

to smoking95. Current smokers have around 26 times higher risk of developing lung cancer96 

and 15 times higher risk of dying from lung cancer97, compared with never-smokers. SCLC 

and squamous cell carcinoma are more strongly associated with smoking than other major 

histological types of lung cancer as demonstrated by meta- and pooled analyses98,99.     

Second-hand smoke (also known as environmental tobacco smoke, ETS) accounts for 1%, of 

the 72%, of lung cancer caused by smoking. Around 15% of cases in never-smokers are linked 

to ETS in the UK95.  The World Cancer Research Fund/American Institute for Cancer Research 

(WCRF/AICR) and the International Agency for Research on Cancer (IARC)100,101 suggest that 

there is sufficient evidence to link lung cancer development to air pollution, to exposure to 

ionising radiation and to occupational exposures such as asbestos, silica, diesel engine 

exhaust. In the UK, 5% of lung cancer cases are caused by ionising radiation, 13% by 

occupational exposure and 8% by air pollution. Independent of smoking, risk of developing 

lung cancer is much greater (82%) in those whose sibling suffered from the disease and 25-

37% higher in those whose parents are affected by the disease102.  

2.3.3 Prognosis 

Cancer type, age, stage at diagnosis, response to treatment, genetics and overall health of 

the patient can affect lung cancer prognosis. Lung cancer prognosis differs significantly 

between NSCLC and SCLC due to differences in aggressiveness and response to treatment. 

According to a comprehensive population-based study, using data from the Surveillance, 

Epidemiology, and End Results cancer registries (SEER), the 5‐year survival for small cell lung 

cancer (7%) is markedly lower than that for NSCLC (21%)103. Also, several reports have 
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highlighted the substantial health benefits of smoking cessation (compared with recurrent 

smokers), including improved life expectancy, paradoxically for long-term smokers104,105, 

older smokers106, and those who quit smoking after being diagnosed with lung cancer107. 

Age is an independent prognostic factor for lung cancer, as survival is highest in younger 

patients and decreases with increasing age, independent of other factors108. Gender is also a 

major prognostic factor; for the 2009-2013 lung cancer population in England, 5-year net 

survival in men ranged from 42% in 15-39 years old to 6% in those aged 80-99 years109. In the 

same age groups, in women, five-year survival ranges from 48% to 7%109. Lung cancer survival 

is strongly related to the stage of disease at diagnosis, as it helps clinicians decide which 

treatment is most appropriate. Stage of disease provides a method of defining the extent 

and severity of disease at confirmation. The TNM system is used by clinicians to stage lung 

cancer, and spread to other organs (denoted by the M component) is typically to another 

lobe of the lung, other lung, the brain, bones, liver etc110. A simplified staging system may 

also be used to describe SCLC as either “limited” or “extensive” disease. Limited SCLC 

indicates that the cancer is only in one lung and had potentially spread to nearby lymph 

nodes, whereas, extensive SCLC indicate spread to the other lung or further lymph nodes or 

other parts of the body111. Survival rates are generally higher for the earlier stage as 2014 

data for England shows that 82% of patients diagnosed at stage 1 survived their disease for 

at least one year, compared with 17% of patients diagnosed at stage 4112. Lastly, poor health 

is a major contraindication for optimal lung cancer treatment. Validated tools – such as 

Karnofsky scale113 and Eastern Co-operative Oncology Group (ECOG)114 rating scale - may be 

used to assess patient general health or performance status. Patients with poor health have 

an increased risk of chemotherapy toxicity and poor outcomes compared with healthier 

patients115.  
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2.3.4 Treatment 

Lung cancer treatment depends on the type, tumour location and spread to other organs, as 

well as patient’s general health. SCLC is composed of smaller cells and spreads (metastasises) 

much rapidly to other organs than NSCLC and is therefore treated differently to NSCLC. For 

NSCLC patients, the main treatments include surgery, chemotherapy, radiation therapy, 

chemoradiotherapy, or immunotherapy drugs (or targeted therapy) used to control NSCLC 

symptoms. Patients with SCLC are commonly treated with chemotherapy or radiation 

therapy but rarely with surgery.103 In England, 2013 to 2014 data show that approximately 

16%, 27% and 25% of NSCLC patients received surgery, radiotherapy, and chemotherapy, 

respectively, compared with SCLC patients’ 2%, 42%, 68% - for the same treatments - 

respectively, as part of their primary cancer treatment45. Surgical removal of the tumour may 

involve the removal of part of the lung, i.e. one lobe (lobectomy) or two lobes (bilobectomy) 

or the whole lung (pneumonectomy). Wedge resection involves the removal of a section of 

the lung that includes a fragment of one or more lobes. Segmentectomy is the removal of 

areas of the lung as well as their veins, arteries, and airways. Sleeve resection – for cancer in 

the central area of the lung extending into one of the main airways (bronchi) – is the removal 

of the affected sector of the bronchus and any adjacent cancer in the lobe116. A patient may 

have open surgery (thoracotomy) or keyhole surgery (video-assisted thoracoscopic surgery, 

VATS) to remove their lung tumour. 

2.3.4.1 Assessment for treatment  

According to NICE, for people with NSCLC, some assessments should be conducted to support 

treatment decision with curative intent10:   

1. Perioperative mortality 
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A global risk score such as Thoracoscore is recommended to estimate the risk of death. NICE 

guidelines of lung cancer suggest using this scoring system to evaluate the risk of operative 

mortality of patients who are planned for surgical resection. The thoracic surgery scoring 

system quantitatively discriminates factors associated with in-hospital mortality such as age, 

gender, performance status-, comorbidity-, Dyspnea- (shortness of breath) score etc117:  

2. Cardiovascular function 

Surgery should be offered to People with 2 or fewer risk factors and cardiac functional 

capacity without further investigations but should be avoided within 30 days of myocardial 

infarction.10  

3. Lung function:  

“Perform spirometry and transfer factor (TLCO) in all people being considered for treatment 

with curative intent”.10 These are standard preoperative pulmonary function testing used to 

assess the risk and lung reserve of patients proposed for surgical treatment. A spirometry 

device is used to measure forced expiratory volume in one second over forced vital capacity 

(i.e., FEV1/FVC) and depending on the lung condition being measured, a score below 50% is 

considered severe, 50-60% is moderate, while over 60% is mild. The FEV1/FVC ratio 

represents the proportion of a person's vital capacity that they can expire in the first second 

of forced expiration.118 Transfer factor for carbon monoxide (TLCO) is a measurement of the 

single-breath diffusion capacity for carbon monoxide used to assess restrictive and 

obstructive lung disease.119  

4. Performance status  

Patients’ performance status is indicated by WHO/Eastern Cooperative Oncology Group 

(ECOG) performance status scoring system. The ECOG scale of performance status is a 

measurement tool used within oncology to classify patient’s functioning status according to 
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their ability to care for themselves, perform daily and physical activities (i.e. walking, working 

etc.).120 It is a predictor of various outcomes in cancer care and can be used to enhance 

clinicians’ decision-making in patient management as it determines the patient’s ability to 

tolerate therapies.121 The measure provides a score between 0 and 4, where 0 represents 

perfect health (i.e., fully active) and 4 represents poor functional status (e.g., completely 

disabled).  

2.3.4.2 Possible explanations for under-treatment  

Recent reports have highlighted inequalities in the treatment of elderly lung cancer patients 

as a potential cause of their poorer survival outcome2,122. However, older patients often 

present with medical and physiological challenges, making choosing their optimal treatment 

difficult123. Older patients with cancer often present with advanced stage disease, frailty124 

and have comorbidities125 that affect the functional status, general health, and tumour 

symptoms. Clinicians’ reluctance to treat elderly patients might stem from a lack of the right 

sort of evidence relevant to decision-making in this group, as the elderly are often excluded 

from participating in clinical trials, thus receiving unproven or inadequate treatment126.  

Clinical guidelines for cancer treatment aim to standardise and guarantee adequate cancer 

care for a population. Therefore, age is not mentioned as an exclusion criterion for specific 

lung cancer treatment in the national clinical guideline10. However, the amount of details and 

recommendations specified for the elderly in the UK’s national clinical guidelines regarding 

lung cancer management is less than guidelines from countries (e.g., Norway, and Sweden) 

with higher treatment and survival in the elderly14.  

For instance, although the NICE guideline suggests considering comorbidities for lung cancer 

treatment with curative intent, there was no mentioning of specific comorbidities (a use of 

comorbidity score is indicated in the Thoracoscore) contraindicating treatment receipt, 

making the decision-making process harder for clinicians. In addition, the guideline suggests:  
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 lobectomy (either open or keyhole) with curative intent for medically fit NSCLC 

patients, while lung parenchymal-sparing operations (segmentectomy or wedge 

resection) are considered for patients with borderline fitness and local disease.  

 more invasive surgery (bronchoangioplastic surgery or sleeve resection, 

bilobectomy, pneuomenectomy) are offered to obtain clear margins10. 

 radiotherapy with curative intent or chemoradiotherapy should be offered to stage 

1-3 patients who are not suitable for surgery with 0 or 1 WHO performance status 

score (equivalent to ECOG).  

 continuous hyperfractionated accelerated radiotherapy (CHART) regimen should be 

offered to stage 1 or 2 patients with poor performance status rendering their disease 

inoperable. The same should be offered to stages 3A or 3B patients eligible for 

radical radiotherapy and who cannot endure or refuse chemotherapy.  

 Neo-adjuvant chemotherapy should only be offered within a clinical trial to patients 

who are suitable for surgery, while cisplatin-based combination postoperative and 

adjuvant chemotherapy regimen should be considered in medically fit patients with 

localised tumour greater than 4 cm in diameter10.  

With regard to lung cancer patients who smoke, the guideline advises that smoking cessation 

is a key priority, as smoking increases the risk of pulmonary problems after lung cancer 

surgery, although surgery should progress independent of patient compliance (ceasing 

smoking)10. NSCLC patients’ risk of death using a global risk score (e.g., Thoracoscore), 

cardiovascular function and lung function are to be examined before being considered for 

treatment with curative intent (i.e. surgery).  
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2.4 Colorectal cancer  

Colorectal cancer is a malignancy (cancerous tumour) that starts either in the colon or 

rectum, or both. The colon is about 5 feet long and has 4 sections namely, ascending, 

transverse, descending and sigmoid colon. Adenomateous colonic polyps, which protrude 

from the mucus membrane of the colon or rectum127 , account for the majority of colorectal 

tumours in the large bowel. They can develop in size and turn cancerous over time, usually 

over a decade or more. Abnormal cell growth and swelling, known as dysplasia can also lead 

to precancerous growths. Cancerous polyps, if untreated, can spread into the muscle layers 

of the bowel and beyond to distant organs (Figure 2.3). Mostly CRCs are of an 

adenocarcinoma cell type. Other types include gastrointestinal stromal tumours (GIST), 

carcinoids, colorectal lymphoma. 

 

Figure 2.3: Progression from polyp to cancer (source; Harvard Health128) 

 

Worldwide, CRC is the third most common cancer contributing 10.2% (1,849,518) of the total 

number of new cases in 201820. Incidence is more common in developed countries, however, 

a rapid increase in incidence has been observed in developing countries which is assumed to 

be due to the adoption of Western diet and lifestyle behaviours129. In the UK, it is the fourth 

most common cancer, responsible for approximately 12% (41,700)130 of all new cases, and is 
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the second most frequent cause of cancer death, accounting for 10% (16,384) of all cancer 

deaths in 2016131. There is a strong correlation between CRC and age, with 44% of new cases 

being in older people (aged 75 and over)132. Incidence rates have remained stable over the 

last decade but are projected to drop by 11% between 2014 and 2035, which includes a larger 

decrease for males than for females132.  

Survival for CRC has improved and more than doubled over the past 4 decades in the UK.  

However, 5-year relative survival for colorectal cancer is below the European average in 

England, Wales and Scotland but Northern Ireland is similar to the European average 

(57.6%)133. Survival is higher for people diagnosed aged 15-39 and those diagnosed aged 60-

69, compared with other age groups. The higher survival rate for those aged 60-69, is thought 

to be due to screening (2009-2013)133. In Northern Ireland, about 1,200 new cases of CRC are 

diagnosed each year and 427 (36%) will die from CRC every year134.   

2.4.1 Risk factors 

In the UK, the likelihood of ever having CRC is estimated as 1 in 15 (7%) for males, and 1 in 

18 (6%) for female, for those born after 1960135. Colorectal cancer is associated with a 

number of risk factors, some of which are preventable while others are not. Moreover, 

convincing evidence has been established for a number of these factors and according to a 

recent study published in the BMJ (2018), 54% of cases are preventable in the UK94. Age is 

strongly related to CRC risk, as age-specific rates increase significantly after the age of 50. 

Risk is also heightened by family history of CRC, as around 20% are associated with hereditary 

factors135. A meta-analysis has shown that risk is more than doubled in individuals with first-

degree relative with the cancer136, while another meta-analysis reported a 70% increase of 

colorectal adenoma risk137. Also, elevated risk is attributable to hereditary conditions, for 

instance familial adenomatous polyposis (FAP) or hereditary nonpolyposis colorectal cancer 
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(HNPCC) - also known as Lynch syndrome - account for between 5-10% of new cases 

diagnosed138.  

Regarding preventable risks, there is sufficient evidence - based on the classification by the 

World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) and the 

International Agency for Research on Cancer (IARC)100,101 - suggesting increased risk for 

consumption of alcohol, smoking, eating processed meat and high body fat. In the UK, these 

risks are 6% (for alcohol), 7% (for smoking), 13% (for processed meat) and 11% (for 

overweight and obesity), a further 28% are caused by eating too little fibre while engaging in 

little physical activity account for another 5%94. Intake of 100-120g/day of red meat is 

associated with about 17-30% higher risk according to meta-analyses139–142. 

On the contrary, meta-analyses show reduced effect for colorectal cancer with non-steroidal 

anti-inflammatory drugs (NSAIDs) usage, specifically those who have used aspirin daily for at 

least 5-years have 32-49% lower risk compared with non-users143,144 and a 17% (HR=0.83, 

95% CI=0.75–0.92) reduction in 5-years mortality was observed for aspirin users in a cohort 

of 13,994 colorectal cancer population145. These findings have led to the inclusion of aspirin 

as a preventive cause of colorectal cancer in carriers of Lynch syndrome in the updated NICE 

guideline146. 

2.4.2 Prognosis 

Like most cancers, the likely outcome of CRC depends on many factors. Age is an independent 

predictive factor as survival decreases with increasing age – after accounting for various 

covariates50. Stage at diagnosis is the most important prognostic factor147. The size and 

spread (i.e. stage) of the colorectal tumour will affect patient outcome. These factors 

determine the potential optimal treatment for patients TNM staging system is used to assign 

a stage to the disease at diagnosis, where the T component indicates how far the tumour has 

grown into the wall of the intestine or adjoining areas (tissues); the N component indicates 
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if regional lymph nodes are affected; while the M component describes whether the cancer 

has spread to other organs, typically to the liver and lungs for colorectal cancer. Data for 

England (2014) show that 98% of patients diagnosed at stage I of the disease survived for at 

least one-year, whereas only 40% of those diagnosed at stage IV survived148.  

2.4.3 Treatment 

Colorectal cancer treatment depends on the type of cancer (e.g. colon or rectal), its position, 

the stage of the cancer, as well as patient’s general health and level of fitness. Depending on 

where the cancer is and how far it has spread, a combination of different treatment regimens 

may be used to treat CRC. If it is diagnosed at an early stage, it is highly curable74. The main 

treatments include surgery, chemotherapy, radiotherapy and biological treatments; 

however, surgery is the mainstay of treatment for CRC. Surgical removal of the tumour 

involves the use of colonoscopy (for small malignant polyps), laparoscopy or open surgery. 

The two main types of surgery for colon cancer include149,150: 

1. Local resection - surgery to remove a small part of bowel lining. This procedure is for 

small, early stage cancers.  

2. Total or partial colectomy (hemicolectomy) - surgery to remove all or part of the 

colon containing the tumour.  

The two main types of surgery for rectal cancer include149,151:  

1. Trans-anal endoscopic microsurgery (TEM) – surgical removal of the cancer 

together with a border (margin) of healthy tissue. This procedure is for small, early 

stage cancers.  

2. Total mesorectal excision (TME) – surgical removal of the rectum containing cancer, 

a border (margin) of healthy tissue around it, and the fatty tissue (mesorectum) 

around the rectum.   

The procedures below are sometimes necessary for both colon and rectal cancer149–151:  
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1. Colostomy or ileostomy – surgically creating an opening in the large or small bowel 

(stoma) for removal of stool. This is usually temporary to give the bowel time to heal. 

2. Surgery for a blocked bowel (bowel obstruction). This is achieved by surgically 

removing tumour blocking the bowel or placing a stent (tube) in the bowel to hold 

the bowel open allowing contents to pass through. 

According to NICE guidance, patients with local disease which appears resectable are 

considered for short-course preoperative radiotherapy (SCPRT) then immediate surgery, 

while chemotherapy is considered for patients with moderate-to-high risk tumours before 

surgery152. Patients with a high-risk locally advanced tumour, which looks unresectable are 

offered preoperative chemotherapy and delayed surgery to allow tumour response and 

shrinkage152. For metastatic disease, if considered resectable, anatomical site-specific 

Multidisciplinary Teams (MDTs) are to consider prior systemic treatment followed by surgery. 

Otherwise, specified sequences of multiple chemotherapy drugs are offered - one of which 

include “FOLFOX (folinic acid plus fluorouracil plus oxaliplatin) as first-line treatment then 

single agent irinotecan as second-line treatment”152. Biological treatment such as 

bevacizumab, cetuximab, panitumumab, may also be used as stand-alone or in combination 

with chemotherapy drugs for metastatic colorectal cancer153. 

2.4.3.1 Under-treatment in CRC 

General health and level of fitness evaluated by the presence of other chronic conditions 

(comorbidities) and physiological ability across multiple organ system (frailty), have 

considerable implications for the treatment decision-making process and treatment 

outcomes for CRC154. Older patients (compared to younger) are more likely to present with 

other health conditions125 and have reduced functional status124 at the time of diagnosis, 

which can contraindicate the use of colorectal surgery154,155. However, recent studies156–158 

and international consensus159 would suggest that, in appropriately selected CRC patients, 
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surgery has the potential to confer more benefit than harm, supporting the use of validated 

geriatric assessment tools for patient selection. Previous studies have outlined the potential 

for UT in elderly CRC patients by comparing age-specific treatment rates - adjusted for 

various confounding factors – with corresponding survival estimates50,160. 

 

2.5 Conclusion 

This chapter has introduced the three cancers (BC, LC and CRC) that this thesis focuses on. 

The goal of the subsequent chapters is to determine potential under-treatment and whether 

deaths can be prevented in the older adults presenting with these high prevalent cancers.  
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Chapter Three 

Assessing the potential of under-treatment in the elderly:      
A secondary data analysis on EUROCARE-5 survival estimates. 

 

3.1 Study rationale  

Around one quarter (3.9 million, 23.4%) of the worldwide total cancer cases and a fifth (1.9 

million, 20%) cancer deaths are recorded every year in Europe20  despite having only 9.0% of 

the global population161. In 2018, in Europe, cancer incidence of the female breast (523,000, 

13.4% of all cancer cases), colorectal (500,000, 13.8%) and lung (470,000, 13.0%) contributed 

most of the total number of new cases respectively, and were the most common causes of 

cancer-specific deaths—breast (138,000, 16.2%),  colorectal (243,000, 13.6%) and lung 

(388,000, 20.1%), respectively83.  

In the UK, under-treatment (UT) has been highlighted as a potential cause of poorer survival 

outcome in older patients2. Survival of cancer patients who have early stage disease and 

receiving curative treatment is better reflected in the conditional relative survival (CRS) on 

one year, which is an estimate of survival of patients who have already survived past the first 

year, in which the risk of mortality is high for patients with advanced disease162. High 

mortality within the initial year of diagnosis has been ascribed to late stage at diagnosis163, 

comorbid conditions or perioperative mortality164.  

Recent studies on cancer survival in Europe have explored differences in cancer survival in 

relation to the type of health system165, national socio-economic indices166,167, data quality 

issues and methodology168, and therapeutic advances169. In this study analysing secondary 

data, EUROCARE-5 survival estimates for breast cancer (BC), lung cancer (LC) and colorectal 

cancer (CRC) were used to estimate 5-year CRS in 19 European countries. Potential for UT 
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was assessed by exploring associations between countries’ differences in 5-year CRS 

between young (aged 55-74 years) and older (75 and over) patients in relation to direct 

cancer cost per capita. This study employs funnel plots to better compare survival estimates 

whose level and precision vary considerably.  

 

3.2 Background 

3.2.1 Cancer burden 

Differences in the burden of cancer between different countries can be measured by cancer 

incidence, cancer mortality, and prevalence of individuals living with cancer. Cancer 

incidence is defined as the number of new cases in a defined population over a specific time 

period. Cancer prevalence is the number of cancer patients alive in the general population at 

a certain defined point of time and is a function of incidence and survival. The absolute cancer 

burden (see above) in Europe has increased in the last 25 years.  The estimated cancer 

incidence was 3.7 million in 1995, which had increased to 3.9 million in 2018, and cancer 

mortality has increased by about 10% between the same period (from 1.5 million to 1.9 

million)170.  

3.2.2 Assessing cancer management and effect treatment 

International population-based cancer survival is a measure of how effective the health 

system of a country is in treating cancer patients and extending their lives.  Variations in 1) 

stage distribution and 2) stage-specific survival between similarly-resourced countries give 

insights into the two main drivers of outcomes 1) early diagnosis, 2) timely quality treatment, 

respectively, as presented by the International Cancer Benchmarking Partnership 

(ICBP)15,16,37,40. Stage-specific survival, a proxy measure of effective cancer management and 

treatment,  for BC16, LC15 and CRC40, is  lower in the UK in comparison with Sweden, Canada 
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and Norway. More specifically, survival of localised and distant cancer stages in lung15 and 

colorectal40 are reported to be lower in the UK than Norway, Sweden, Canada, Australia and 

Denmark. 

Akin to stage-specific survival and unlike unconditional relative survival, CRS focuses 

attention on patients more likely to have earlier stage disease who have survived over a year 

since diagnosis162,171. Thus, CRS better reflects the survival of patients who had greater 

probability of receiving curative treatment. 

3.2.3 Age demographic and implication on health system and cancer services  

Population ageing has contributed to the rapid increase in the number of new cancer cases 

worldwide20 and in Europe83. Older adults have higher incidence rates84 and will contribute a 

greater proportion of cases by 203522,84. In the UK, 36% of all new cancer cases are diagnosed 

in people aged 75 and over21, who also contribute more than half of all cancer deaths every 

year. Incidence and mortality rates will remain highest in the elderly by 203522 (see figures 

3.1 and 3.2). The projected increase in cancer cases22,84 will have considerable economic and 

social impacts in the developed world, prompting substantial challenge to healthcare 

systems with lower resources84, as there will, proportionally, be less people working (tax-

payers) to fund the health-service. 

Older cancer patients receive lower curative treatment than younger patients, irrespective 

of patient preference or physical suitability for treatment172, which indicates the potential UT 

as discussed in the introductory chapter. 
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Figure 3.1: Observed and projected incidence age-standardised rates (ASRs) per 100000 15–90þ 
year olds, for all cancers combined by age group and gender [Source: Smittenaar et al.22]. 

 

3.2.3.1 Cost of health  

The share of GDP spent on total health expenditure (THE) in Europe differs greatly and ranges 

from 5.3% (Romania) to 13.9% (Netherlands)173. Table 3.1 shows that all the central European 

countries, and Sweden, spend more than the European average cancer expenditure per 

capita (€169). Germany and Switzerland spend (€292) the most on their cancer patients per 

capita, while eastern countries, excluding Slovakia, are low spenders (<€100). Northern 

countries are medium spenders, while southern countries spend medium to low, ranging 

from Italy and Slovenia to Portugal, spending the least. Ireland and the UK are medium 

spenders, they spend 5.0% of their THE on cancer, which is 1% less than the European 

average173 [Table 3.1].  
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Figure 3.2: Observed and projected mortality age-standardised rates (ASRs) per 100000 15–90 year 
olds, for all cancers combined by age group and gender [Source: Smittenaar et al.22].  

 

3.2.4 Comparing cancer survival between countries 

EUROCARE, a large population-based international cancer survival study like CONCORD, 

presents their survival estimates using ranked bar charts with confidence intervals (Cls). 

However, it is not possible to identify countries with low or high survival in these charts 

because of the varying standard error or precision of estimates. Funnel plots methods174  

achieve this by plotting estimates against their precision and superimposing upper and lower 

control limits (CLs) that demarcate boundaries of belonging to the ‘target’ population 

distribution.  

 

3.3 Study aim and objectives 

The primary aim of this study is to explore the potential for UT in the older (aged 75 and over) 

age-group by exploring 5-year CRS difference in young and old BC, LC and CRC patients in 19 

European countries, and relating to cancer expenditure per capita. 
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The specific objectives of this chapter are to: 

1. Describe the EUROCARE-5 survival data and data on national cancer expenditure. 

2. Estimate 5-year CRS conditional on surviving 1-year after diagnosis, for young and 

old BC, LC and CRC patients using EUROCARE-5 relative survival estimates at 1 and 5 

years. 

3. Use funnel plot, employing a random effects model, to present CRS estimates and 

identify high and low survival estimates. 

4. Compare differences in CRS between younger and older using a funnel plot.  

 

3.4 Material and Methods 

This section details the secondary data sources used for this chapter with a description of the 

EUROCARE-5 database. 

3.4.1 Data source: EUROCARE-5 

EUROCARE-5 collected patient-level data from 107 population-based cancer registries of 

patients diagnosed from 1 January 2000 up to 31 December 2007, from 29 countries grouped 

into five regions [Denmark, Finland, Iceland, Norway, Sweden (Northern Europe); England, 

Ireland, Northern Ireland, Scotland, Wales (UK and Ireland); Austria, Belgium, France, 

Germany, Netherlands, Switzerland (Central Europe); Croatia, Italy, Malta, Portugal, 

Slovenia, Spain (Southern Europe); and Bulgaria, Czech Republic, Estonia, Latvia, Lithuania, 

Poland, Slovakia (Eastern Europe)]. Details on this on-line database175, study protocols176, 

inclusion criteria, and data preparation for survival analysis have been described 

elsewhere.177 Registries provided information on patient’s sex, date of birth, date of 

diagnosis, date of death or last known vital status (alive, dead, censored updated to 31 

December 2008), primary tumour site, microscopic confirmation of diagnosis, morphology 

and behaviour (ICD-O-3), patient identification code and multiple tumour code.  
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3.4.2 Other secondary data sources 

Estimated data on health expenditure and direct health cost of cancer in Europe in 2014, 

were obtained from a report by the Swedish Institute for Health Economics (IHE): 

‘Comparator report on patient access to cancer medicines in Europe revisited’173. The 

methodology for estimating cancer-specific health cost as a share of THE differed by 

countries, data source and year of estimation. The estimates of spend are crude and 

dependent on information available and untestable assumptions.  

For instance, in France in 2004, the total direct cost of cancer equalled €11 billion178, while 

THE amounted to €180 billion according to the WHO179. Thus about 6.2% accounted for the 

cancer expenditures per capita (CEPC) in France and this was the latest available data173. For 

the UK, a more complicated and perhaps an underestimation of 5.0% share of the true CEPC 

was estimated. This estimation was derived from the £5.68 billion (6.0%) allocated for cancer 

from the THE (£94.78 billion), of the NHS England budget between 2012 and 2013180. 

However, governmental disbursement covered only 84% of the THE in the UK in 2013. Thus 

a share of 5.0% incorporated the governmental portion (i.e., 6.0% X 84%)173.  

Other estimations were calculated based on shares from other countries; e.g., UK’s share 

(5.0%) was used for Ireland, while the average of shares in Switzerland (6.2%) and Germany 

(6.8%) were used for Austria (6.5%)173.      

 

3.5 Cohort characteristics and statistical methods 

3.5.1 Study patient cohort and cancer sites 

Eligible patients were aged 55 years and older diagnosed with breast, lung and colorectal as 

defined by topography codes according to the International Classification of Diseases for 

Oncology, 3rd edition (ICD-O-3) [as described in EUROCARE-5 papers39,168].  Age was 

categorised into 55-74 (younger) and ≥75 (older).  
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3.5.2 Conditional survival estimates 

To account for possible differences in patient population age-structure in the young (55-74 

age range) between the countries, age-standardisation was estimated using the age-group 

specific survival estimates for age groups 55-64 and 65-74 and adapting weights (i.e., 23/52 

and 29/52) defined by the International Cancer Survival Standard (ICSS)181, i.e. multiplying 

the respective age-group specific survival estimate by the weights, and adding. Similarly, the 

standard error were also calculated for age-group 55-74 as square root of the sum of the two 

squared standard error estimates for age groups 55-64 and 65-74, each multiplied by the 

adapted-weights squared.  

Five year CRS conditional on survival to the end of the first year after diagnosis was estimated 

using the estimated one-year and five-year age-standardised relative survival (RS)175. RS is a 

standard estimator of net survival in population-based studies when the underlying cause of 

death is unknown or unreliable177. The use of RS over observed survival allows comparisons 

of net survival between countries, where non-cancer mortality rates of the patient 

population differ.  Five-year CRS , the survival at five years of those who have already survived 

one year, was calculated as the ratio of the [cumulative] relative survival at 5-year to the 

relative survival at 1-year, with CRS standard error estimated using the Delta-method as 

indicated in the EUROCARE-5 methods paper (A1. Appendix)164.  

To explore crude associations between CEPC and patient outcomes visually, countries were 

grouped into three categories based on cancer spend; high cancer expenditures per capita 

(HCEPC, i.e., >€200, PPP) illustrated as black circle on graph, medium cancer expenditures 

per capita (MCEPC, i.e., (€100-199, PPP) shown as red triangle on graph, and low cancer 

expenditures per capita [LCEPC] (<€100, PPP), also depicted as red triangle on graph. Meta- 

regression, using user defined Stata program metareg, was employed more formally to 

explore the association between CEPC and survival by comparing the survival of patients in 
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MCEPC versus HCEPC; similarly meta-regression was used to estimate the overall effect of 

age on survival. 

EUROCARE-5 reported ‘survival in eastern Europe was generally low and below the European 

mean, particularly for cancers with good or intermediate prognosis’177. To enhance 

comparability between the UK and countries of similar health systems, eastern European 

countries were excluded from the funnel plot analysis since their survival was generally low 

for both young and older patients leading to a difference in survival (between younger and 

older) that was generally significantly lower than in other countries (see Table 3.2 and 

Appendix 3.1a-c). This exclusion resulted in only two countries, Slovenia and Croatia, in the 

LCEPC expenditure category retained. Stata IC release 14.2 (StataCorp, College Station, TX, 

USA) was used for all analyses. 

3.5.3. Funnel plot  

Funnel plots are a scatter-plot of an indicator of interest on the y-axis against a measure of 

precision of the indicator  on the x-axis, with target and control limits (CLs) lines imposed182. 

In this study the indicator, represents the national 5-year CRS estimate of either young (aged 

55-74 years), old (aged 75 years and over), or the difference between the two age groups. 

However, their application to population-based cancer survival estimates poses two 

additional challenges. Firstly, the size of the cancer patient population varies markedly 

between countries reflecting national populations. Secondly, a greater natural variation in 

survival between countries exists determined by factors such as stage at diagnosis, 

comorbidity, ethnicity, and treatment183. Funnel plots were first used in educational research 

and psychology, with estimates plotted against sample size184 which was used as a proxy for 

precision. In comparing survival estimates the inverse square of the standard error of the 

estimate is used as a measure of precision, rather than the sample size, on the horizontal 

axis185. This is because the precision of a survival estimate is not solely determined by sample 
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size, but also on the proportion of participants experiencing the event (such as death), and 

the level on censoring which depends on cancer registry practice. 

In order to prevent CLs exceeding their theoretical bounds [0,1], the analysis (see below) was 

conducted by transforming the data using the complementary log log transform174 this 

necessitated a back-transform to the original scale and explains the lack of symmetry of CLs 

about the target as the target approaches the theoretical bounds.  

In the funnel plots presented below, the target is characterised by a solid horizontal black 

line in each plot, signifies the mean survival of the included countries. Three CLs, set at either 

80%, 95%, 99.8% significance level are indicated as purple-, green- and red-dash lines on the 

graphs respectively, and represent departures from the target measured in terms of standard 

deviations (approximately 1.3, 2, 3, respectively) given the precision on the x-axis. If the value 

of the indicator, given its precision, breaches the 95.0%, it is considered in performance 

control process ‘a warning’, whereas 99.8% ‘out-of-control’. A lower level of warning, 80.0% 

was added to aid the identification of patterns in countries between sites due to the high 

levels of heterogeneity encountered.  

3.5.3.1 Choosing between Fixed and Random effects models 

A fixed effects model was not considered as it assumes a single population parameter, mean 

survival, about which the individual estimates tend, and from which the individual estimates’ 

departures are due to sampling error only. In the fixed effects model, the overall estimate of 

the population parameter is a weighted mean with weights inversely proportional to the 

sampling error squared. In a random effects model, individual estimates are considered to 

have their own population parameter due to differences in unmeasured factors (e.g. stage 

distribution, access to treatment) that differ internationally; this introduces another source 

of variation, i.e. random effects variation, which is taken into account, along with sampling 

variation, when estimating the mean survival.  
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3.6 Results 

3.6.1 Incidence 

Of the 2,508,526 records included in the estimate of survival of BC, LC and CRC patients 

diagnosed during 2000–07, 37.1% (930,452) were old. LC, CRC and BC cohorts were 37.3% 

(936,785), 33.4% (812,058) and 30.3% (759,683), respectively. Table 3.2 shows the number of 

cases and the 5-year CRS estimates for young (55-74) and old (≥75) breast, lung and colorectal 

patients by country.  

3.6.2 Survival 

3.6.2.1 Funnel plots of survival estimates for young and older 

Figure 3.3a-c present the funnel plots for 5-year CRS in young (55-74) and old (≥75) BC, LC and 

CRC patients during 2000-2007, from 19 European countries. Observed survival estimates 

from countries with small sample size (e.g., Iceland, Malta, N. Ireland) scatter more widely at 

the left-hand side of the graph (less precision), compared with the spread narrowing among 

the countries with larger sample size. The United Kingdom and Italy had the highest precision 

throughout as they contributed the largest number of patients.  

Survival was typically greatest for BC (young 88.4%; old 81.4%), intermediate for CRC (young 

72.3%; old 72.9%) and poor for LC (young 32.0%; old 26.0%). The CRS interquartile range for 

BC was 85% - 89% in the younger and 79% - 82% in the older; for CRC interquartile range was 

69% - 74% in the younger and 69% - 75% in the older, while LC was 28% - 34% in the younger 

and 23% - 32% in the older. 

Owing to high heterogeneity between the survival estimates, there were no countries were 

breaching the 95.0% and 99.8% CLs consistently (by sites and age groups). Considering a lower 

level of departure from the target, Germany and Austria consistently approached or breached 

the upper 80% CL, while the UK, particularly for older patients, approached or breached the 

lower 80% CL.  
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There was a positive association between expenditure (HCEPC vs MCEPC) and survival 

outcome for younger patients for younger LC (+3.8%, P=0.03) and older LC (+4.5%, P=0.13) 

but not BC or CRC for young or old (see Appendix 3.3a-b). In general, in the younger age group, 

however, the countries that approached or breached the lower 20% CL were MCEPC across 

all sites. No estimate breached the 0.2% significance level but Croatia breached the upper 

95.0% CL in older LC patients, while Portugal breached the upper 95.0% CL in older BC survival.  

Table 3.2 summarises CRS by age-group, cancer site, and cancer spend per capita.  

3.6.2.2 Funnel plots for difference in survival  

Older BC and LC patients had significantly lower average CRS by 7.1% and 6.3%, respectively 

(P<0.05, see Appendix 3.2). There was no difference is younger CRC patients’ mean survival 

compared to older (70.9% vs 71.6%, P=0.700). Owing to high heterogeneity between the 

survival difference estimates, there were no countries, except Croatia (BC, LC, CR) and 

Portugal (BC), were breaching the 95.0% CLs (see Figure 3.4). There was no association 

between expenditure (HCEPC vs MCEPC) and survival difference for any cancer site (P>0.05, 

see Appendix 3.4b). 
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Figure 3.3a: Funnel plots showing 5-year conditional relative survival against the precision of the 
survival estimate for a) younger (55-74) and b) older (≥75) breast cancer patients, diagnosed in 19 
European countries from 2000-2007 and followed up on 31 December 2018, by cancer expenditure 
by capita: EUROCARE-5 database.  
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Figure 3.3b: Funnel plots showing 5-year conditional relative survival against the precision of the 
survival estimate for a) younger (55-74) and b) older (≥75) lung cancer patients, diagnosed in 19 
European countries from 2000-2007 and followed up on 31 December 2018, by cancer expenditure 
by capita: EUROCARE-5 database. 
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Figure 3.3c: Funnel plots showing 5-year conditional relative survival against the precision of the 
survival estimate for a) younger (55-74) and b) older (≥75) colorectal cancer patients, diagnosed in 
19 European countries from 2000-2007 and followed up on 31 December 2018, by cancer 
expenditure by capita: EUROCARE-5 database. 
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Figure 3.4: Funnel plots showing the difference in 5-year conditional relative survival against the 
precision of the survival estimate between younger (55-74) and older (≥75) breast, lung and 
colorectal cancer patients, diagnosed in 19 European countries from 2000-2007 and followed up on 
31 December 2018, by cancer expenditure by capita: EUROCARE-5 database.  
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3.7 Discussion 

3.7.1 Main findings 

This study reports substantial variation among 19 countries in Europe in 5-year CRS, which 

more closely reflects survival in patients diagnosed with earlier stage disease, in both younger 

and older BC, LC and CRC patients. Lower CRS estimates in the older, compared to the 

younger, in BC and LC patients (P<0.05) indicate potential for UT. Only in LC patients, there 

was evidence of an association between CEPC and survival. Survival differences were not 

associated with cancer spend for any site, perhaps indicating a complex relationship.  

3.7.2 Comparison with other studies 

In agreement with results from other international comparative studies, this analysis of 

secondary data indicates persistent international variation and age differences in survival, 

better survival for younger patients177, and suggesting that greater investment in cancer 

improves LC patient outcome25. Positive associations between total national expenditure on 

health and  cancer survival have been reported elsewhere186.  

The observed inequalities in CRS outcome between younger and older for the BC and LC 

cancers in the UK highlights UT as the potential cause of poorer survival outcome in older 

patients2. Increasing pressure in the healthcare system, which may be due to an increasing 

number of cancer patients24 with proportionally lower allocation of funds to cancer services25.  

Other studies have reported poorer and lower stage-specific survival for BC16, LC15 and CRC40 

in older patients in the UK compared to countries of similar healthcare system. Differences in 

stage-specific survival have been attributed to variations in timely access to optimum 

treatment187.   



Page | 52  

3.7.3 Interpretation of results  

This study represents a holistic view of 19 European countries’ 5-year CRS analysis - which 

defines a group of the patients with earlier stage tumour162,171 - for three highly common 

cancers. For each cancer site, there was significant international heterogeneity in survival 

between countries, even within subgroups defined by age and cancer spend per capita. 

Survival varied by age-group, cancer site, and cancer spend per capita. However, there was 

limited evidence, apart for age-group specific LC, of an association between cancer spend per 

capita and survival, perhaps due to high levels of heterogeneity in survival estimates driven 

by a complex of prognostic factors. These factors, that vary internationally, can be prior to 

healthcare system engagement such as socioeconomic status, lifestyle and general health. 

Moreover, international differences in population performance status and multi-morbidity on 

diagnosis can influence the treatment choices and their efficacy, and thereby affect survival. 

Variation in data quality can generate anomalies in survival estimates, for instance high rates 

of death certificate only registered cases in the elderly that are cared-for in the community 

can inflate their survival estimates. Portugal had much smaller differences in survival between 

young and old than many of the countries spending more on cancer care (for instance, France 

spends over twice as much on its cancer patients than Portugal) . 

There was evidence of an association between CEPC and LC patient outcome. With regards to 

LC survival being poor177 perhaps better investment can tackle barriers and inequalities in 

access to diagnosis and treatment for patients in Europe188. National variation in the uptake 

of LC drugs, attributable to countries GDP, have been highlighted by the Swedish IHE report173. 

Uptake of targeted drugs for non-small cell lung cancer such as pemetrexed, crizotinib and 

gefitinib were more than double in countries in the upper GDP173. The exceptionally high LC 

survival outcome in Croatia in the old may be attributed to data quality issue leading to over 
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estimation of relative survival due to difficulties with vital status verification177, especially 

since Croatia is among the European countries with the highest lung cancer mortality rate189.  

In addition, survival estimates may not have been truly representative for certain countries 

because population coverage was not complete in 7 of the 19 countries included in this study. 

Countries with partial coverage included: Belgium (58%), France (23%), Germany (23%), 

Switzerland (30%), Italy (35%), Portugal (76%), and Spain (17%)177. The incomplete national 

coverage suggest the patients available for analysis may not be representative of the 

population as a whole. For instance, the large urban centres in France; Paris, Marseilles, were 

excluded190. Furthermore, follow-up is incomplete for 1.1% (European mean) of the patients 

in the EUROCARE-5 database177. This percentage is variable between countries, for instance 

the UK (England 0.5%; Scotland 0.1%; Wales 0%; Northern Ireland 0%) than France (4.6%) and 

Switzerland (8.2%).  The higher proportion of censored observations can, if censoring is 

associated with poorer outcome, falsely inflate survival estimates167,177.  

3.7.4 Strengths and limitations 

Relative survival is an adjusted measure that removes the effects of death from competing 

causes, whose variation between countries could bias comparisons191. The use of RS does not 

require information on patient’s cause of death. Furthermore, CRS provides a more relevant 

estimate of survival for patients who should receive curative treatment, i.e. who have already 

survived past, for instance, 1-year after which the risk of mortality from advanced disease is 

lower. In addition, population-based survival, unlike clinical trials, provides an unbiased 

measure of the effectiveness of cancer control programmes for the whole healthcare system.  

However, the EUROCARE-5 study does not collect detailed clinical information at the 

individual level thereby making the international differences in cancer survival hard to 

interpret. Cancer biology, diagnostic testing procedures, socioeconomic status, cancer stage, 

comorbidity and frailty, and treatment are factors that can influence survival. With this 
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information, analytical studies could adjust for these factors to elucidate drivers of survival. 

Also, the estimation on cancer services expenditure in different countries was often crude 

calculations dependent on information availability and untestable assumptions, which in 

some cases were that neighbouring countries, physically or culturally, were likely to spend in  

a similar way173. 

3.7.5 Recommendation for future research 

Recommendations that follow 1) address insufficient clinical and treatment information and 

2) methodological limitations for evaluating potential UT affecting survival in older patients: 

1. Urgent surveillance work is needed, across European countries, to quantify the level 

and impact of suboptimal treatment on elderly cancer patients’ survival. Surveillance 

will motivate national governments to include, in their cancer control programmes, 

measures to ensure that fit elderly cancer patients receive the same treatment as 

younger patients. Measures include training-in and use of comprehensive geriatric 

assessment prior to clinical decision making.  

2. Investigation of the relationship between investment in oncology care and age-

related inequalities in cancer survival. National cancer control plans should be 

dynamic, outlining priorities in cancer care, including additional funds to low 

performing countries to reduce age-related inequalities in cancer survival in Europe. 

For instance, access to timely and optimal treatment modalities is essential to close 

the survival gap between younger and older192.  

This secondary data analysis study sets the scene for further investigations in this thesis, 

which include a population-based study on the potential for surgical UT in elderly CRC patients 

in N. Ireland (Chapter 4), and a review of the available evidence for surgical UT of older BC, LC 

and CRC, with a focus on the methodological approaches used in such studies (Chapter 5). 

The review will inform three subsequent chapters; firstly, exploring the application of causal 
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inference methodology in clinical cancer (Chapter 6), secondly, quantifying UT with causal 

inference mediation approach using comprehensive data on lung cancer patients in N. Ireland 

(Chapter 7), and thirdly, assessing UT using record-linkage study of a retrospective BC, LC and 

CRC patients with the Northern Ireland Longitudinal Study (NILS) (Chapter 8).  

 

3.8 Conclusion 

The persistent survival inequalities by age group in BC and LC suggest the need for greater 

surveillance of cancer care in the elderly. Individual patient-level data and detailed 

information on countries’ healthcare system is required to understand international age-

related differences in cancer survival.     
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Table 3.1: Estimated total health expenditure, direct health cost of in 2014, and population 
distribution (2004) in 26 European countries.  

 

 

 

 

 

 

 

 

 

Region %GDP
total 

(billion)

per capita 

(€)
% of THE

total 

(billion €)

per capita 

(€)

total 

(million)

% Age 

55-74

% Age 

75+

Germany Central 11.3 309.4 3757 6.8 21.0 292 81.4 22.5 7.9

Switzerland Central 11.5 38.2 4708 6.2 2.4 292 7.3 19.8 7.7

Netherlands Central 12.9 71.9 4260 5.7 4.0 243 16.3 19.2 6.4

Austria Central 11.0 31.7 3716 6.5 2.1 242 8.2 19.9 7.7

Sweden Northern 9.7 31.2 3213 6.8 2.1 219 9.0 21.5 9.0

Belgium Central 11.2 38.8 3465 6.2 2.4 216 10.5 20.1 8.0

France Central 11.7 316.8 3275 6.2 13.4 203 60.9 19.2 8.8

Norway Northern 9.6 24.0 4672 3.4 0.8 159 4.6 18.1 7.8

Denmark Northern 10.6 19.5 3461 4.5 0.9 156 5.4 20.9 7.1

Italy Southern 9.1 141.4 2308 6.7 9.5 155 58.3 22.5 8.9

Slovenia Southern 9.2 4.2 2051 6.7 9.5 155 2.1 20.1 6.1

Ireland UK and Ireland 8.9 14.0 3040 5.0 0.7 152 4.1 15.6 4.5

Malta Southern 8.7 0.9 2033 6.5 0.06 132 0.4 19.3 5.6

Spain Southern 8.9 102.8 2238 5.8 3.0 130 43.2 19.2 7.9

United Kingdom UK and Ireland 9.1 166 2566 5.0 8.3 128 59.8 19.9 7.6

Finland Northern 9.4 14.8 2706 4.4 0.7 119 5.2 19.6 7.4

Iceland Northern 9.1 0.9 2821 3.8 0.04 107 0.3 15.2 9.2

Slovakia Eastern 8.2 9.1 1682 6.2 0.6 104 5.4 16.6 4.9

Czech Republic Eastern 7.2 16.4 1559 5.4 0.9 84 10.2 20.6 6.2

Croatia Southern 7.3 4.9 1161 6.9 0.3 80 4.4 21.7 6.2

Poland Eastern 6.7 46.6 1212 6.5 3.0 79 38.5 17.4 5.25

Lithuania Eastern 6.2 3.7 1252 6.2 0.2 77 3.4 19.9 6.4

Portugal Southern 9.7 20.4 1957 3.9 0.9 76 10.4 20.8 7.5

Bulgaria Eastern 7.6 6.9 960 6.8 0.5 65 7.7 23.2 6.9

Estonia Eastern 5.7 1.5 1124 5.8 0.1 65 1.4 21.1 6.9

Latvia Eastern 5.7 2.1 1043 6.2 0.1 64 2.3 21.7 6.8

Europe 10.1 1453.5 2793 6.0 87.5 169 738.8 22.8 8.5

NOTE: THE = total health expenditure.                                                                                                                                                                       

Sources: a) The Swedish Institute for Health Economics (IHE) ‐ ‘Comparator report on patient access to cancer medicines in Europe 

revisited’
176

 and b) PopulationPyramid.net

High cancer expenditure per capita

Medium cancer expenditure per capita

Low cancer expenditure per capita

Total Health Expenditure Direct health cost of cancer Population Distribution
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Table 3.2: Number of cases and 5-year conditional relative survival estimates for young (55-74) and old (≥75) breast, lung and colorectal cancers by country's cancer 
expenditure per capita for patients diagnosed in 29 European countries from 2000-2007 obtained from the EUROCARE-5 database. 

N CRS N CRS N CRS N CRS N CRS N CRS

Germany 46,054 0.89 0.88 - 0.89 17,303 0.84 0.83 - 0.86 20,271 0.36 0.35 - 0.37 5,169 0.33 0.31 - 0.35 45,473 0.75 0.74 - 0.75 23,497 0.75 0.74 - 0.76

Switzerland 5,854 0.89 0.87 - 0.90 2,444 0.82 0.79 - 0.85 2,420 0.33 0.31 - 0.36 789 0.26 0.21 - 0.30 4,106 0.74 0.72 - 0.75 2,626 0.72 0.68 - 0.75

Netherlands 42,475 0.90 0.90 - 0.91 16,691 0.81 0.80 - 0.83 19,152 0.34 0.33 - 0.35 6,052 0.26 0.24 - 0.28 34,525 0.74 0.73 - 0.75 20,123 0.77 0.75 - 0.78

Austria 16,362 0.89 0.88 - 0.89 7,332 0.84 0.82 - 0.86 7,225 0.37 0.36 - 0.39 1,990 0.32 0.29 - 0.35 15,211 0.76 0.75 - 0.77 9,270 0.76 0.74 - 0.77

Sweden 25,012 0.92 0.91 - 0.92 10,682 0.81 0.79 - 0.82 6,365 0.33 0.32 - 0.35 2,315 0.28 0.25 - 0.31 16,449 0.73 0.72 - 0.74 13,960 0.74 0.73 - 0.76

Belgium 19,215 0.88 0.88 - 0.89 7,131 0.79 0.77 - 0.81 8,404 0.34 0.32 - 0.35 2,800 0.27 0.24 - 0.29 15,055 0.73 0.72 - 0.74 9,977 0.73 0.71 - 0.75

France 13,501 0.92 0.91 - 0.93 4,525 0.82 0.80 - 0.84 4,478 0.32 0.31 - 0.34 1,163 0.25 0.21 - 0.28 11,331 0.72 0.71 - 0.73 7,688 0.68 0.66 - 0.70

Norway 9,686 0.91 0.90 - 0.92 4,318 0.82 0.79 - 0.84 3,922 0.34 0.32 - 0.36 1,490 0.23 0.20 - 0.26 9,842 0.74 0.73 - 0.75 8,178 0.77 0.75 - 0.78

Denmark 14,730 0.87 0.86 - 0.88 5,764 0.81 0.79 - 0.84 6,680 0.29 0.27 - 0.30 1,955 0.23 0.20 - 0.26 11,864 0.70 0.69 - 0.71 7,156 0.74 0.72 - 0.76

Italy 46,526 0.90 0.90 - 0.91 20,805 0.82 0.81 - 0.83 20,730 0.34 0.33 - 0.35 8,308 0.25 0.23 - 0.26 42,286 0.75 0.74 - 0.75 26,567 0.70 0.69 - 0.71

Slovenia 3,826 0.85 0.83 - 0.86 1,336 0.79 0.75 - 0.83 2,049 0.31 0.28 - 0.33 422 0.17 0.12 - 0.23 4,161 0.70 0.68 - 0.72 1,722 0.66 0.62 - 0.70

Ireland 7,395 0.85 0.84 - 0.87 2,518 0.80 0.77 - 0.83 2,403 0.35 0.32 - 0.37 912 0.33 0.29 - 0.38 6,479 0.70 0.69 - 0.72 3,282 0.74 0.71 - 0.77

Malta 842 0.85 0.81 - 0.89 310 0.80 0.70 - 0.90 167 0.35 0.26 - 0.44 61 0.32 0.15 - 0.48 589 0.71 0.66 - 0.75 239 0.74 0.62 - 0.85

Spain 7,253 0.88 0.88 - 0.89 3,196 0.81 0.79 - 0.84 3,566 0.28 0.26 - 0.30 1,236 0.22 0.19 - 0.24 8,777 0.74 0.73 - 0.75 5,252 0.68 0.66 - 0.70

United Kingdom 148,498 0.88 0.88 - 0.88 66,294 0.76 0.76 - 0.77 48,126 0.28 0.27 - 0.28 24,021 0.20 0.20 - 0.21 103,603 0.71 0.70 - 0.71 70,199 0.69 0.69 - 0.70

Finland 14,218 0.92 0.91 - 0.92 4,954 0.82 0.79 - 0.84 3,600 0.28 0.27 - 0.30 1,481 0.18 0.15 - 0.20 7,516 0.74 0.72 - 0.75 4,660 0.75 0.73 - 0.78

Iceland 631 0.92 0.88 - 0.95 229 0.85 0.75 - 0.96 253 0.28 0.21 - 0.35 101 0.36 0.22 - 0.49 392 0.79 0.73 - 0.84 276 0.83 0.73 - 0.93

Slovakia 5,917 0.81 0.79 - 0.82 1,712 0.78 0.74 - 0.82 2,936 0.28 0.26 - 0.30 601 0.27 0.21 - 0.32 8,457 0.67 0.65 - 0.68 3,069 0.66 0.63 - 0.69

Czech Republic 20,722 0.86 0.85 - 0.86 6,907 0.80 0.78 - 0.82 9,826 0.31 0.30 - 0.32 1,974 0.31 0.28 - 0.34 24,679 0.69 0.68 - 0.70 10,112 0.70 0.69 - 0.72

Croatia 8,338 0.84 0.83 - 0.85 2,179 0.87 0.83 - 0.91 5,181 0.38 0.37 - 0.40 901 0.46 0.40 - 0.51 8,715 0.70 0.69 - 0.72 2,962 0.78 0.75 - 0.81

Poland 6,617 0.81 0.80 - 0.83 1,582 0.71 0.67 - 0.75 5,554 0.34 0.33 - 0.36 1,206 0.37 0.32 - 0.41 6,410 0.65 0.64 - 0.67 2,340 0.63 0.59 - 0.66

Lithuania 3,944 0.76 0.74 - 0.77 1,078 0.76 0.71 - 0.81 2,016 0.28 0.26 - 0.30 470 0.29 0.23 - 0.35 3,861 0.68 0.66 - 0.70 1,489 0.69 0.64 - 0.73

Portugal 10,249 0.87 0.86 - 0.88 3,369 0.88 0.85 - 0.90 3,327 0.29 0.27 - 0.31 826 0.25 0.21 - 0.30 12,309 0.71 0.70 - 0.72 5,868 0.74 0.72 - 0.76

Bulgaria 12,798 0.77 0.76 - 0.78 3,153 0.80 0.76 - 0.83 4,064 0.24 0.23 - 0.26 512 0.27 0.20 - 0.33 12,351 0.63 0.62 - 0.65 3,672 0.64 0.61 - 0.67

Estonia 2,178 0.81 0.78 - 0.83 688 0.74 0.67 - 0.80 1,154 0.31 0.27 - 0.34 292 0.31 0.23 - 0.38 2,268 0.71 0.68 - 0.73 1,030 0.72 0.66 - 0.77

Latvia 3,479 0.77 0.75 - 0.79 893 0.82 0.76 - 0.88 1,807 0.36 0.33 - 0.39 354 0.33 0.25 - 0.41 2,962 0.61 0.58 - 0.63 1,154 0.61 0.56 - 0.66

High cancer expenditure per capita

NOTE: N, patient number; CRS, 5-year conditional relative survival estimate; CI, confidence interval 

95% CI 95% CI 95% CI 95% CI 95% CI

Medium cancer expenditure per capita

Low cancer expenditure per capita

YOUNGER OLDER

BREAST COLORECTALLUNG

YOUNGER OLDER YOUNGER OLDER

95% CI
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Chapter Four 

Assessing the potential for surgical under-treatment in older 
colorectal cancer patients 

 

4.1 Study rationale 

NICE guidance states that all patients, irrespective of age, should be considered for optimal 

treatment.152 There are specific concerns relating to the preparedness of the UK workforce to 

treat the growing number of older patients with complex needs24, who are at most risk of 

UT28. The increasing absolute number of elderly cancer patients adds to the wider pressure 

on the health system. This pressure, which are possibly driven by funding contraints25, can 

lead to lengthy cancer treatment delays27, shortages in key professional groups2, and limited 

time for the longer consultations in the clinic and in multidisciplinary teams (MDTs) that older 

patients might require to discuss their situation26.  

Colorectal cancer (CRC) is diagnosed in 41,700 people every year in the UK and approach a 

half (44%) of cases diagnosed in 2013-2015 were in people aged 75 and over132. Surgery rates 

are lower in the UK (68.4%) than Sweden (81.3%), Norway (72.2%) and Denmark (70.5%), for 

colon cancer, and range from 59.9% in England to 70.8% in Sweden for rectal cancer14. Also, 

curative surgery rates in the UK for CRC are lower than France36. International early stage-

specific survival, a proxy measure of cancer management and curative treatment, for regional 

colon cancer is lower in the UK (76.9%) than Australia (86.9%), Sweden (86.8%) and Canada 

(86.6%). Similar differences are reported for localised and distant stages40. This highlights 

potential for UT occurring among elderly CRC patients in the UK. 

The benefit of surgery in older patients has been an area much debated world-wide58, with 

elderly patients undoubtedly more vulnerable to the increased morbidity and mortality 
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associated with surgery155. Recent studies156–158 and international consensus159 would suggest 

that, in appropriately selected patients, surgery has the potential to confer more benefit than 

harm. In the UK, healthy life expectancy, the number of years lived in self-assessed good 

health is increasing193. This study tests the hypothesis that the increased number of patients 

in Northern Ireland between 2000-2015 has put extra pressure on the health system that 

affects the elderly more. Statistically, the retrospective population-based study tests the 

interaction of age (younger [<75] and older [≥75] patients) and time period (2000-2007 and 

2008-2015) on stage-specific surgery rates and net survival. Assuming lower or constant levels 

of patient comorbidity and frailty over time, and stratifying the analysis by stage at diagnosis, 

disproportionately lower surgery rates in elderly patient accompanied by lower survival 

indicates the potential for surgical UT in elderly CRC patients in N. Ireland.  

 

4.2 Study aims and objectives 

The primary aims of this study were to establish a retrospective cohort of CRC patients 

diagnosed between 2000 and 2015 in Northern Ireland using incidence data from the N. 

Ireland Cancer Registry (NICR) and to assess the potential for surgical UT in elderly CRC 

patients by comparing differences in stage-specific surgery and survival rates for younger 

(aged under 75 years) and older subjects (aged 75 and over) in two different calendar time 

periods (2000-2007 and 2008-2015). 

4.2.1 Specific objectives, to: 

1. Describe the process of cancer registration in N. Ireland and briefly introduce the 

data sources and data acquisition. 

2. Outline the steps involved in establishing the CRC cohort. 

3. Describe the patient and tumour characteristics of all CRC patients diagnosed 

between in N. Ireland in two time periods (2000-2007 and 2008-2015). 
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4. Report unadjusted and fully adjusted stage-specific surgery rates by stage and 

period for young and old. 

5. Report unadjusted and fully adjusted stage-specific survival by stage and period for 

young and old. 

4.2.2 Study design and research questions 

The study is a population-based retrospective observational study of CRC patients diagnosed 

in NI from 2000-2015 testing the interaction of age group (younger [<75] and older [>=75] 

patients) and calendar period (2000-2007 and 2008-2015) on stage-specific rate of surgery 

and net survival.   

 

4.3 Materials and Data 

This section details the importance of cancer registration and the comprehensive nature of 

cancer registration in the UK. It also introduces the data sources used and the process 

involved in data acquisition for this study.  

4.3.1 Cancer registration 

Cancer registration is the methodical collection of data about cancer and tumour diseases. Its 

primary aim is to deliver timely, comparable and high-quality data on all incident cancer 

diagnoses, survival and mortality within a defined population over time.194 To achieve this, 

information on new registrable cancer cases are acquired from a variety of sources including 

hospitals, pathology reports, cancer screening programmes, nursing homes, healthcare 

professionals and death certificates. Processing of the acquired data involves checking its 

validity, completeness and an intricate process of clinical data linkage. Although the General 

Census of Cancer in London in 1728 was the first known systemic collection of cancer 

information195, one of the earliest established cancer registration systems was instigated in 
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1926 by Dr. Ernest Codman at Massachusetts General Hospital - a bone sarcoma registry. This 

was followed by the foundation of a hospital-based cancer-registry at Yale-New Haven 

Hospital in New Haven, Connecticut196.  

Cancer registries are crucial in cancer control programmes197 and the growing worldwide 

burden of cancer increases the need to monitor cancer incidence, prevalence and survival. 

Information derived from cancer registries is used in the planning, provision and evaluation 

of cancer services for public health decision-making, and the outcome of population-based 

cancer screening programmes. About 21% of the world’s population is covered by population-

based cancer registration systems198 and registry quality varies widely by geographic region. 

Most countries in low- and medium- Human Development Index (HDI) regions have poor 

quality or a non-existent vital registration. Regions that include both higher and lower HDI 

countries, for instance, Oceania and Asia, have considerable differences (Figure 4.1)197. In 

various parts of North American and Western Europe, cancer registries are firmly established 

and are crucial elements of the national health surveillance systems.   

 

Figure 4.1: Proportion (%) of the regional population covered by high quality cancer registration 
and high quality complete vital registration of death (Source: The Cancer Atlas)197 
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The UK is one of the few countries with comprehensive national cancer registration coverage. 

The National Cancer Intelligence Network (NCIN) is a UK-wide partnership operated by Public 

Health England, which organises and develops analysis and intelligence for improving 

standards of cancer care, and clinical outcomes for cancer patients199. In England, cancer 

registration is managed by the National Cancer Registration Service (NCRS) and receives data 

from over 500 local data systems, 12 national data feeds and includes cases from more than 

1400 weekly multidisciplinary team meetings199. In Scotland, cancer registration evolved from 

a scheme initiated in 1936 by the Radium Commission and by the late 1990s, a single national 

population based Scottish Cancer Registry was established, covering the whole of Scotland199. 

In Wales, cancer registration began almost five decades ago (in 1972) and is controlled by the 

Welsh Cancer Intelligence & Surveillance Unit (WCISU)199. In Northern Ireland, the N. Ireland 

Department of Health, Social Services (DHSS) established a paper-based cancer registry in 

1959, which resulted to N. Ireland Cancer Registry (NICR). All of the four (UK) registries have 

a shared objective and processes to deliver timely, comparable and high-quality data. 

4.3.2 Northern Ireland Cancer Registry (NICR) 

The Northern Ireland Cancer Registry (NICR200), as it is today, was established in May 1994. It 

is funded by the Public Health Agency for Northern Ireland and is located in the Centre for 

Public Health, QUB199. The Registry holds population level information on all cancers since 

1993. It also includes, under its purview, several premalignant diseases including colorectal 

polyps and Barrett’s oesophagus, to enable a better understanding of their risk factors and 

tendencies for progression into malignant colorectal and oesophageal disease respectively. It 

is tasked with the production of Official Statistics on cancer incidence, prevalence and survival 

in NI, using data collected by the Health Service as part of the patients’ care and support. 

Furthermore, it gathers and collates extensive information for regional audits of specific 
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cancer sites and cancer care services within NI. This information is used to inform the planning 

and evaluation of cancer prevention and treatment services within the region. 

The NICR holds agreements with each on the five N. Ireland Health and Social Care Trusts 

(Belfast, South Eastern, Western, Southern and Northern; see Figure 4.2) for data provision 

and with the Quality Assurance Reference centre (QARC) for data on screening. Therefore, no 

individual level consent for data collection is required. However, the organisation providing 

data to NICR may be notified for removal of patient data, which would prevent any 

notifications reaching the NICR. Since its foundation, no such request has been 

documented201. The number of data items collected by the NICR has increased to almost 200 

in recent years, from 44 in 1993-1996. This number varies by tumour site and the availability 

of clinical audit data. As diagnostic methods improve, the quantity of data that needs 

collected and processed is expected to expand, with more attention given to patient pathway 

analysis and individual tumour level data such as viral involvement, biomarkers and 

recurrence201.  

 

Figure 4.2: Five Health and Social Care trusts in Northern Ireland (Source: HSCNI)202 
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4.3.2.1 Data Sources 

The NICR uses three primary sources for acquiring digital/electronic notifications of probable 

cancer diagnoses in the population, from: hospital admissions and discharges (Patient 

Administration System; PAS), pathology laboratories; and from death registrations (General 

Registrar Office; GRO). PAS provides demographic details (e.g. name, address, age, gender, 

and date of birth), basic tumour diagnosis information (e.g. cancer site and clinical behaviour; 

benign or malignant) and treatment data (e.g. type, date and location). More extensive 

tumour data such a grade and morphology are obtained from pathology reports and 

cytopathology electronic data downloads. Trained Tumour Verification Officers (TVOs), who 

frequently examine GP notes, pathology reports and hospital records to confirm diagnosis, 

quality assure and verify all notifications processed, especially when conflicting diagnostic 

information arises. Verification of cases involve checking clinical records, including the 

Multidisciplinary Team datasets supplied by the Cancer Patient Pathway System (CaPPS) and 

the Regional Information System for Oncology and Haematology (RISOH), Lab Centre Records 

and by note review. Supplementary data are received from the Business Services Organisation 

(BSO), the Radiotherapy System (ARIA), and QARC (Quality Assurance Reference Centre) to 

add and/or update prescription data, demographic information (such as GP, address and 

death data), radiotherapy treatment, and screening histories for breast, cervix and colorectal 

cancers. These data sources feed directly into the registration database system (PRAXIS), 

except CaPPS, from which extracts are downloaded by tumour registrars working at the NICR 

(Figure 4.3).  

The NICR datasets are compared annually to the other UK and Ireland registries through the 

UK and Ireland Association of Cancer Registries (UKIACR). Performance indicators suggest 

high quality data with the highest proportion of cancer staging (85%) and grading (65%) 

compared to the English and Scottish datasets for 2016203. Moreover, NICR data have been 

included in international collaborative reports comparing cancer incidence and survival 
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including ‘Cancer Incidence in Five Continents (CI5), International Cancer Benchmarking 

Partnership (ICBP), Concord International Cancer Survival Studies and EUROCARE. 

 

Figure 4.3: N. Ireland Cancer Registry method of data processing (Source: NICR 2018)201 

 

4.3.2.2 NICR data security 

The NICR follows a very strict confidentiality code and all NICR affiliated staff and researchers 

are   required to sign and adhere to its data confidentiality and security policies when using 

and storing patient data. All staff receive regular training on confidentiality and security issues 

relating to cancer registration. The Registry is situated within a secure segment of QUB and is 

accessible through a digital-coded door lock (access codes are changed quarterly) and a 

separate local area network is used, which is different from all other computer systems. As 

stated above (section 4.4.1), no individual level consent for data collection is required by the 

Registry, as the Registry holds ethical approval to receive cancer notification from each of the 

five Trusts, which ensures population representativeness. However, patients can opt out of 

the cancer registration scheme via individual trust providing data to NICR.  
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4.3.2.3 Data access 

The primary investigator (Mr Abdul Qadr Akinoso-Imran) from QUB had to complete a 

number of steps in order to gain access to the NICR data, which included the completion of a 

“Request for Release of Data from N. Ireland Cancer Registry” and a “Request for Release of 

Potentially Identifiable Cancer Registry Data” 200. These forms summarise the initial proposed 

title, aim, methodology, details of the purpose for which information is required and a 

declaration relating to the use of potentially identifiable patient data. Prior to the release of 

data, the investigator underwent an induction process in handling personal patient data and 

was required to sign a confidentiality disclosure and user agreement, which then permitted 

access to the NICR system, via authenticated  fingerprint (biometric access). The NICR has 

ethical approval from the Office for Research Ethics Committees Northern Ireland (ORECNI) 

(reference number: 10/NIR02/53) for the use of its databases for research.  

 

4.4 Cohort characteristics and statistical methods 

4.4.1 Study patient cohort  

Patients diagnosed in Northern Ireland in 2000-2015 with the following International 

Classification of Disease (ICD-10204) codes were included in the study:  C18, C19, C20, C21 - 

denoting malignant neoplasm of colon, rectosigmoid junction, rectum and anus, respectively. 

4.4.2 Patient characteristic and variables of interest 

Disease was staged according to the TNM205 classification by TVOs who combined information 

from multiple sources: pathology reports, a clinical oncology information system (COIS), 

MDTs, and radiography reports. Stage was categorised as 1, 2, 3, 4 or missing. Patients were 

defined as having had surgery if potentially curative surgery procedures (OPCS206) were 

captured by inpatient hospital episode records in the Patient Administration System (PAS). 
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Potential curative surgery was categorised as resected or unresected. Resection was further 

broken down into five procedures: excision of lesion of colon, hemicolectomy, colectomy, 

resection of rectosigmoid, resection of rectum & anus. Resection of anus was merged with 

resection of rectum due to small numbers of elderly patients undergoing either procedure, 

and was necessary to prevent potential disclosure in the results (see Appendix 4.3).  To focus 

on the patient’s primary tumour directed treatment, a ‘treatment period’ restricted eligible 

treatment episodes to the period from 3 months prior to diagnosis to 6 months after.  

Patients were assigned to a deprivation quintile based on the income domain of the Multiple 

Deprivation Measure (2000-2015 - NI Statistics and Research Agency: www.nisra.gov.uk) in 

the census Super Output Area of their place of residence at diagnosis, where 5 is the most 

deprived and 1 the least deprived. Age at diagnosis was categorised into two groups: (<75) 

and old (≥75). Year of diagnosis was categorised into two period groups: period 1 (2000-2007) 

and period 2 (2008-2015).  

4.4.3 Establishing the cohort 

The main electronic extract of 24,122 registered CRC patients diagnosed between 1 January 

1993 and 31 December 2015 from NICR (with 2015 vital status information) was linked with 

the 2016 CRC death registration update (n=24,142) as well as the CRC surgery episodes. This 

yielded a total of 23,322 primary CRC cases after 800 records were removed:  

 711 second primaries  

 45 observations had no deprivation information 

 35 cases later removed, when updating the cohort with 2016 death information, 

having been removed in ongoing cleaning of the NICR register 

 9 cases (under 15  years old) dropped to keep only adults  

Due to 50% missing stage information in the older patients between 1993 and 1999, the study 

was restricted to a cohort of 16,908 patients diagnosed during 2000-2015 (Figure 4.4). 

http://www.nisra.gov.uk/
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Figure 4.4: A flow chart outlining the formation of the cohort used in this study, from the initial 
dataset to the final cohort 

 

Potentially curative surgical procedures/codes were initially compiled from a list (n=173) 

compiled by Thames Cancer Registry and clinical guidance was sought in confirming them, of 

the 173 codes OPCS4 codes (Classification of Interventions and Procedures version 4) 122 

were removed. Some procedures were non-oncological directed (e.g. panproctocolectomy, 

haemorrhoidectomy, resection of ileostomy etc.), while others were related to resection of 

the Upper GI tract (e.g. incidental appendectomy, duodenctomy, jejunectomy etc.). 

Polypectomy codes were also removed as the procedure signifies the removal of polyps 

before the onset of cancer, as were a number of excision procedures performed 

endoscopically. Though these procedures might indicate the uptake and impact of cancer 

screening, they were not considered curative.  The remaining 51 OPCS codes (see Appendix 



 

Page | 69  

4.1) were grouped and linked to the surgical treatment record from PAS episodes, which 

resulted in 14,987 oncological CRC surgery episodes. 

4.4.4 Statistical analysis 

Univariate associations of the demographic and clinical characteristics of young and old, over 

two time periods (2000-2007 & 2008-2015) were tested using chi-square test. Patients with 

missing stage data were originally treated as a separate category. Multiple chained 

equations207 were used to impute stage information allowing the study to proceed on a 

population-basis, mitigating potential sampling-biases; five imputation sets were generated. 

The variables used to impute stage data were gender, deprivation, surgery and survival using 

the following command:  

 

 
Multivariable logistic regression was used to model the proportion of patients who received 

surgery with independent variables age-group and period, stratified by stage, and adjusted 

for sex, deprivation and topological site. The interaction terms between age and period within 

the stage groups tested the a priori hypothesis of the study (see introduction). The margins 

command in Stata was used to express this interaction, by comparing the four predicted 

survival rate of the whole cohort (marginal mean) of patients when age group and time period 

variables are set to their four possible combinations in turn. The margins command was run 

on each imputed data set, and the results were combined using Rubin’s rules.  

 

Survival time over two years was calculated from date of diagnosis to death or administrative 

censoring date, the 31st December 2016 (last linkage with General Register Office’s death 

file). The Kaplan-Meier method was used to calculate the proportion of the CRC population 
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surviving (observed survival) at least 2-years after their initial diagnosis by age and period. 

Net survival is the survival probability from a given cancer in the hypothetical situation where 

non-cancer mortality rates have been eliminated. Net survival was estimated at 2-years by 

stage at diagnosis, age and period using a flexible parametric model (Royston-Parmar 

models),208 executed by user-led Stata command stmp2. This approach uses restricted cubic 

spline functions to model the excess hazard on the log-cumulative excess hazard scale.209 The 

background mortality (i.e. expected risk of death) by sex, age and calendar year was obtained 

from the NI life table; this approximates the non-cancer mortality rate, as deaths from the 

cancer under study will make up a very small proportion of background mortality. Models, 

using mi estimate command, tested interaction terms between age and period within the 

stage groups (the priori hypothesis of the study) and fully- adjusted for sex, deprivation and 

topological site. The standsurv user-led command in Stata was used to express this 

interaction, by comparing the four predicted net survival estimates of the whole cohort of 

patients (marginal means) when age group and time period variables are set to their four 

possible combinations in turn. The standsurv command was run on each imputed data set, 

and the results were combined using Rubin’s rules. Analysis was conducted in Stata release 

14.0 (StataCorp, College Station, TX, USA). 
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4.5 Results 

4.5.1 Patient characteristics 

Table 4.1 presents the demographic and clinical characteristics of CRC patients (n=16,908) in the 

full cohort; 7,644 (45.2%) were females and 6,502 (38.5%) were aged 75 and over. There was no 

shift (P=0.21) in age distribution between periods (2000-2007 to 2008-2015), but the numbers 

increased by 17% (from 4,786 to 5,620) & 22% (from 2,926 to 3,576) in the younger and older 

cohorts, respectively. Older patients were more likely to be females (51.5% vs 41.3%), be 

diagnosed with C18 (70.8% vs 61.6%), and less likely to be staged (72.4% vs 89.5%),  resected 

(53.5% vs 66.5%) or survive up to two years (71.3% vs 48.5%) than younger patients. For both 

young and old age-groups, there were significant differences between Period 1 and 2 in the 

distribution of staged disease, ICD sites and resection rate (P<0.05), but not deprivation or 

gender (P>0.05). The  older cohort had lower resection rates and less tumours registered by 

DCO/post mortem basis of diagnosis in Period 2 compared to Period 1 (<0.05; Table 4.1). Similar 

distribution of potentially curative surgical procedure types were observed between the young 

and old, except with the receipt of resection of rectum & anus at 23.5% and 12.5%, respectively. 

Between Period 1 and 2, the older patients  had a lower increase in observed survival (5.8% vs 

7.7%) and 2-year net survival (5.9% vs 7.5%) compared to the young (Table 4.1).  

4.5.2 Stage-specific surgery rate 

Table 4.2 shows that after imputation, the fully adjusted overall surgery rate for the entire period 

was lower in the older patients compared to the young (53.3% vs 64.6%, P<0.01). Relative to 

Stage 1 patients, surgery receipt was significantly higher, in both periods, in stages 2 and 3 

patients (P<0.05) but lower in stage 4 (P=0.014) in the fully adjusted imputation model. There 
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was evidence (P<0.001) that the change in surgery rate between period 1 and period 2 was 

modified by age group (i.e. an interaction), surgery rates increased from 63.8% to 65.4% in the 

young, and decreased from 53.7% to 52.9% in the elderly. This interaction was strongest in stage 

groups 2 and 4; the former showing a greater increase in surgery receipt in the younger (+5.8) 

than the older (+2.5), the latter showing a large decrease in surgery rate in the older (-6.4%), 

while a moderate (+1.0%) increase was observed for young (Figure 4.5). These results were 

broadly similar to the unadjusted complete case analyses.  

4.5.3 Stage-specific net survival 

Figure 4.6 shows that the overall adjusted and imputed 2-year net survival from CRC was lower 

in the elderly (73.3% vs 56.4%, P<0.05, Table 4.1) and, although not statistically significant, there 

was an increase in survival for both younger and older in Period 2 compared to Period 1 for each 

stage of diagnosis. Relative to Stage 1 patients, survival remained similar over the two periods in 

Stages 2-4 patients in the fully adjusted model (P>0.05). Similar results were observed in the 

unadjusted and complete data analyses (Table 4.3). There was evidence (P<0.01) that the change 

in net survival between period 1 and period 2 was modified by age group (i.e. an interaction), 

+7.5% in the young compared to +5.9% in the elderly (Table 4.3). However, this overall 

interaction concealed different types of interaction in the stage sub-groups. In stage 2 patients, 

net survival increased between the two periods for the younger and older patients by +3.5% and 

+8.1%, respectively; in stage 3 it was +9.4% and +13.2%, and in stage 4 it was +7.7% and +1.9% 

(Figure 4.6).   
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Figure 4.5: Stage-specific surgery rate for colorectal cancer patients diagnosed in N. Ireland for younger 
(<75) and older (≥75), by period.  

 

 

Figure 4.6: Stage-specific 2-year net survival rates for colorectal cancer patients diagnosed in N. Ireland 
for younger (<75) and older (≥75) by period 
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4.6 Discussion 

4.6.1 Main findings 

In this retrospective observational study, there was some evidence of age inequality in the 

receipt of surgery for CRC over both periods 2000-2007 and 2008-2015 – the rate of curative 

surgery decreased by about 0.8% in the elderly compared to the 1.6% increase in the young. In 

addition, a lower increase in 2-year net survival in the elderly (5.9% vs 7.5%) compared to the 

young was possibly driven by the lower surgery rate, highlighting potential surgical UT. This 

inequality was more evident in stage 4 disease patients.  

4.6.2 Comparison with other studies 

The findings in this study are in agreement with results from other population-based studies of 

CRC patients50,210, which found inequalities in receipt of surgery between young and old, and 

calendar trends in the percentage receipt of surgery160. When comparing the UK with the rest of 

Europe, survival for CRC is continually below the standard of comparable health systems39,211. A 

UK population-based study examined the relationship of colon cancer treatment receipt with age 

over three time periods; 1999-2002, 2003-2006 and 2007-2010, adjusting for confounding 

factors (i.e.; sex, area deprivation, cancer stage, comorbidity and period of diagnosis). The study 

reported a sustained age-related difference in receipt of treatment for the older patients over 

time, while receipt of surgery and adjuvant chemotherapy improved for the younger patients160. 

Another recent population-based international study14 found large differences between 

economically comparable countries in the proportion of patients aged 75 and over receiving 

resectional surgery. Older CRC patients in countries with better survival - Norway and Sweden - 

had higher rate of surgery than older patients in England14, which is assumed to be similar to NI.  
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Stage-specific net survival is lower in the UK than comparable countries and is conjectured to be 

due to lower access to optimal treatments in the UK40.  

Treatment options for CRC are largely determined by disease stage and the general health status 

of patients, i.e. frailty and comorbidities. Elderly cancer patients in otherwise good health have 

a similar 5-year prognosis to middle-aged patients, after surviving 1 year from diagnosis212. CRC 

survival is largely determined by receipt of potentially curative treatment and the primary 

treatment for CRC is surgery. Although less intensive treatment may be justified in frail elderly 

populations,  the better survival and less pronounced age-related variation in survival (for major 

cancers) in the USA compared to in Europe are attributed to earlier diagnosis and more 

aggressive treatment. Unequal access to optimal treatment may account for some of the 

reported stage-specific survival differences in the UK40, where elderly patients are potentially 

under-treated213. The findings in the current study strengthen concerns that age-related 

inequalities in cancer care, in the UK, may be driven by clinical decision making based on 

chronological age, independent of frailty and comorbidities214, because of observed age-

modified trends in surgery receipt and survival from 2000-2015, a period in which changes in 

overall health were not expected. 

4.6.3 Interpretation of results  

Stage at diagnosis is crucial to prognosis and therefore stage distribution is a major cause of 

survival differences between populations, and has been reported as a contributing factor to low 

overall survival in the UK40. The difference in stage-specific survival estimates reported in this 

study confirms the potentially-large impact of stage distribution on outcomes, and underlines 

the importance of improving stage recording completeness, particularly in NI (see section 4.4.2.1 

in UKIACR report203). Notwithstanding an improvement in stage completeness (8.4% in younger, 
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6.4% in older), there was a shift in stage-distribution from late-stage diagnosis to early-stage 

diagnosis between period 1 and 2 (a greater proportion of Stage I disease is observed in both 

young and old). However, when considering under-treatment, the contribution, not of stage 

distribution, but stage-specific survival to overall survival is more relevant. Improvement in 

stage-specific CRC survival has been ascribed to three main factors: increasing resection rates, 

decreasing post-operative mortality and the increased use of adjuvant chemotherapy215. 

However, increase in curative surgery did not fully explain all the improvement in survival rates 

between periods and ages – especially since the overall surgery rate declined in Period 2, 

compared to 1, for the older patients. 

The improvement in net survival for both young and older patients diagnosed with stage 2 and 

3 disease can be attributed to some degree to the increase in the proportion receiving higher 

curative surgery rates in Period 2. In contrast, the improvement in Stage 1 and 4 survival was not 

associated with increased surgery rates, which declined for both age groups for Stage 1, and the 

elderly for Stage 4.  The improvement in Stage 1 may be attributed to the improvement in rapidly 

advancing diagnostic and treatment technologies, leading to better patient selection and 

outcomes, for instance, decreased post-operative mortality216. The lower increase in Stage 4 

survival among older patients compared to the young requires further research to assess the 

level of adjuvant chemotherapy provided. NICE guidelines specify that Stage 3 and 4 CRC patients 

should be offered chemotherapy152 and although this study was unable to account for other 

treatment (i.e. chemotherapy and radiotherapy) due to incomplete data, other studies have 

shown that elderly patients are less likely to be given adjuvant chemotherapy215,217.  

A decision was made to restrict the inclusion of data to the 16,908 cohort diagnosed during 2000-

2015 (as opposed to 1993-2015), when stage data were more complete. Stage data were 

imputed where they were missing to reduce potential bias in estimating stage-specific surgery 
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and survival. This is the most robust approach for dealing with missing data, even when there 

are only few variables are available to predict the missing records218. Older patients were more 

likely to have missing stage, and, after the imputation, have lower surgery and survival in all stage 

categories. Further improvement of data imputation model could be to include an interaction 

term for age group by period, which is the main hypothesis of the study, and could be biased to 

the null with the current main effects imputation model.  

The substantial resource constraints in the NHS in the past decades have been reported to 

negatively impact cancer services219. For instance, lengthy cancer treatment delays27 that 

resulted in the 62-day treatment waiting time target – the waiting period from being urgently 

referred by a GP for suspected cancer to the start of treatment - to be breached for several 

quarters successively220. None of the five NI health trusts are achieving the waiting time target 

of 95%220, which is an indication that services are unable to keep up with demands. There are 

also reports suggesting shortages in key professional groups2; NI trusts’ medical vacancy rates 

varied from 2% to 13% at the end of March 2015221, as shortages in several medical staff, 

including clinical nurse specialist and oncologists were identified as problematic220. Furthermore, 

a peer review of cancer services, involving a group of expert practitioners visiting and reviewing 

cancer teams way of working, rated NI bowel cancer MDTs  to be nationally compliant for 48% 

of patients in 2014; Trusts’ MDTs score ranged from 38% to 64%220. This clear indication for the 

need of reformation and improving NI MDTs is relevant as the vast majority of patients are 

discussed at an MDT meeting, where initial treatment recommendations are made before the 

ultimate decision taken between the treating clinician and the patient. Therefore, without 

increasing resources in the health care system, it is highly plausible that these wide pressures on 

the health system would greatly impact the proper assessment and treatment-decision making 
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of the  growing number of older cancer population with complex needs24, who are mostly at risk 

of UT28. 

Many centres are now offering surgery to more elderly patients, implementing strategies to 

attempt to improve survival and mitigate the poorer outcomes usually associated with operating 

on elderly patients. A quality of life (QOL) survey on elderly patients (aged 80 and over) who had 

undergone surgery for CRC, compared them to younger patients (under 70 years old)158.  

Participants were contacted in the recent postoperative period, and then at 5 years.  This 

questionnaire concluded that the elderly participants reported a similar QOL to the younger 

patients, and rarely required any new special assistance or tailored living arrangements post-

discharge, a finding mirrored in other studies212,222. These results must be viewed in the context 

of the increased post-operative mortality rate in the elderly after surgery  – it may, however, 

suggest that those who do survive the procedure and post-operative period may be expected to 

go on to “return to their preoperative level of functioning”158.   

4.6.4 Need for improved patient selection process  

In the UK, a joint report by the National Cancer Equality Initiative (NCEI) and Pharmaceutical 

Oncology Initiative (POI) found that clinicians rely too much on chronological age when making 

treatment decisions223. Whilst acknowledging the higher mortality among the elderly, a 

systematic review examining the approaches to surgery in over 34,000 CRC patients concluded 

that “selected elderly patients benefit from surgery since a large proportion survive for 2 or more 

years, irrespective of their age”58. The review noted that postoperative respiratory complications 

were 2-3 times more likely in those over 75 as in those under 60, and that the 30 day mortality 

was more than six times more common in the over 85s as in the under 65s. Given the higher rate 

of post-surgical complications in the elderly, efforts should be made to minimise these risks. 
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Opportunities for pre-operative optimisation should be taken, so-called ‘prehabilitation’. The 

strategy of prehabilitation is familiar to surgeons in every field, yet less commonly applied to 

perceived frail elderly patients, who are instead offered alternative management to avoid the 

risks of surgery. It is possible that appropriate prehabilitation could expand the population 

suitable for surgical intervention.  It is also well documented that patients fare much worse 

following an emergency procedure than an elective resection, and that more elderly patients 

undergo emergency resections, although the retrospective NI data for emergency versus elective 

resections is incomplete58,224. This could then make the case for offering elderly patients more 

elective resections allowing a tailored prehabilitation programme to increase chances of survival.       

If the aim is to increase fitness of patients pre-operatively, then this must influence our patient 

selection. Geriatric patients display a wide range of health and fitness from the relatively athletic 

to the profoundly limited. Currently, it is likely that by routinely relying on individual clinical 

acumen alone, potentially suitable patients may well be discounted. There is a growing 

agreement that a reproducible approach using a universal tool or guideline would be a more 

objective reflection of the patient’s current state of well-being, their potential optimised pre-

operative state, and their post-operative vulnerabilities. Many such tools have been utilised in 

clinical settings, both in isolation and in combinations. Examples include the Charlson 

Comorbidity Index, the Barthel Index and Nottingham Extended Activities of Daily Living Scale 

(NEADL), the Cumulative Illness Rating Scale (CIRS), the Mini Nutritional Assessment (MNA), the 

Geriatric Depression Scale (GDS) and the Mini Mental State Examination (MMSE).  Some groups 

are making efforts to combine common elements of these tools into a Comprehensive Geriatric 

Assessment Tool225. Others advocate the involvement of a specialist geriatrician226 and have 

developed a screening tool to identify early on which patients would benefit from such 

assessment and input. 
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4.6.5 Strengths and limitations 

The use of a population-based registry, compiled from a range of data sources (PAS, COIS, CaPPS 

and GRO), are the major strengths of this study. Improvements in the quality and timeliness of 

data held by NICR has been noted by UKIACR227. Ensuring that highly representative data on cases 

of CRC, curative surgery and cancer stage were obtained. However, the analysis lacked the 

inclusion of key indicators (comorbidity and performance status) that may contraindicate receipt 

of treatment159,228 and impact survival154 particularly, in frail elderly patients9. Lower or constant 

trend in the levels of comorbidities and frailty were assumed over year 2000-2015, largely due 

to the improving healthy life expectancy in the UK193. Specifically, the health survey (NI) report 

for 2013/14 noted a 4% drop in smoking prevalence over the last decade, a reduction in adults 

drinking above sensible limit and more respondents meeting the recommended level of physical 

activity229.  

The process used in identifying the 51 potentially curative surgical procedures/codes was not 

without its limitations. The lack of other clinical information on patient care pathway (such as 

other treatment regimen, comorbidity, frailty etc.) make it hard to identify whether an operation 

has curative intent or due to competing comorbidities or advanced disease. For instance, 

colectomy could be a potentially curative surgery aimed at curing advanced tumour, whilst also 

treating metastasised disease (in the liver, for example). Future work would be greatly enhanced 

with richer clinical information collected in the CaPPS/MDT meetings for CRC patients in NI230. 

 

Additionally, the inability to account for patient or family (treatment) preference based around 

quality of life, supports the need for greater linkage of cancer registry data with data from 

primary care, in- and out-patient hospital episodes and clinical management, including MDT 

meetings, to reduce the risk of unmeasured confounding biasing results. In addition, missing 
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stage was high (approximately 28%) in the elderly, obliging the need for imputing stage data for 

the multivariable stage-specific analysis. Yet, even with imputation there is the risk that missing 

data was not missing at random (MAR)207, leading to an under-estimation of survival in the 

poorer cancer stages in the elderly. The lower proportion of elderly patients undergoing surgery 

with missing stage information than in the young suggests potential for improve capture of stage 

data.  

Multiple imputation was adopted in this chapter to predict the unobserved or missing stage data 

as it is considered more efficient than complete cases analysis in regression analysis. However, 

upon reviewing relevant papers in the area1, it appears that the imputation models eventually 

employed in this chapter could have resulted in biased estimates in two ways207,231,232. Firstly, 

the imputation model should be compatible or ‘congenial’ to the analysis model207. At a 

minimum, this principle requires that terms in the analytic model should be in the imputation 

model. For instance, the omission of the age and period interaction term in the imputation model 

(Section 4.4.4) whilst appearing in the analytic models transgresses the congeniality principle. 

Incorrect missing stage prediction could have biased the estimated interaction coefficient 

towards the null207 for both stage-specific surgery rate and net survival outcomes). In this 

chapter, which was mainly concerned with age-group x period interaction, stage could be 

imputed separately by age-group (a complete variable); this simple method would have 

preserved the interaction structures in the imputed datasets207. Secondly, in the imputation 

models for [net] survival analysis, it is now considered best practice to employ the event indicator 

                                                           

1 These papers were suggested by the external referee, but it was not possible to correct the 

models due to the Northern Ireland Cancer Registry closing down due Covid-19 pandemic 
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and the Nelson–Aalen estimator of cumulative hazard function231,232, as opposed to the event 

indicator and the survival time as employed in this chapter. 

4.6.6 Implications for future research 

Several implications for future practice are proposed based on the findings in the current study. 

However, owing to the inadequate clinical and treatment information, incomplete cancer staging 

data, and methodological limitations, these recommendations for assessing potential surgical UT 

should be viewed cautiously. The present study identified a drop in curative surgery rates and a 

smaller increase in net survival for elderly, compared to young, over a 16-year period in Northern 

Ireland, which occurred against a backdrop of increasing patient numbers in a health system 

whose performance indictors suggested increasing pressure. It is possible to replicate these 

findings using routinely available data across the UK with greater volume of data and more 

covariates to improve the generalisability of these findings. In addition, different regions will 

provide various levels of missingness for stage at diagnosis across the two age groups further 

exploring the data imputation models.  

Implications of this preliminary study for future research, addressed in this thesis, include a 

review of the available evidence for surgical UT of older CRC patients, with a specific focus on 

the methodological approaches used to measure UT (Chapter 5). This will inform a future record-

linkage study (Chapter 8) of a retrospective CRC NICR cohort and the Northern Ireland 

Longitudinal Study (NILS) dataset which aims to investigate how much of the difference in 

survival between young and old is mediated through lower treatment rates in the elderly, having 

adjusted for clinical and demographic factors (albeit with self-reported morbidities and frailty 

markers derived from the 2011 NI Census data).  
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As previously mentioned in the earlier chapters of this thesis, there is accumulating evidence to 

suggest that the general health of cancer patients greatly affects receipt of treatment and 

survival, and as this is especially the case for older adults, this is a limitation of the present study. 

Since performance status is not routinely collected in CaPPS/MDT meetings for CRC patients in 

NI230, linkage with administrative data will provide some proxy measures (i.e. comorbidity and 

frailty). The proposed linkage study (Chapter 8) will also allow for the adjustment of other 

treatment modalities, as it will involve a more recent cohort - diagnosed between 2011 and 2015 

- where completeness of data in relation to staging, tumour characteristics and treatment are 

better.  

 

4.7 Conclusion 

In NI, despite a trend towards improving stage completeness and higher proportion of stage I 

disease in the elderly, resection rates decreased over time among elderly patients compared to 

the young against a backdrop of increasing patient numbers in an increasingly under-performing 

health service. This study the potential for offering more curative surgical treatment to elderly 

CRC patients and the need for comprehensive geriatric assessment, for a more deliberate and 

reproducible approach to selecting patients for surgery to ensure optimal treatment for these 

individuals.  
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Table 4.1: Demographic and clinical characteristics for colorectal cancer patients in N. Ireland from 2000-2015 for young (15-75 years) and older (aged 75 and over) 
patients by period of diagnosis

 

Variable Values Total Total

N % N % N % N % N % N %

Total 4,786 5,620 10,406 2,926 3,576 6,502

Female 1,990 41.6 2,307 41.1 4,297 41.3 1,531 52.3 1,816 50.8 3,347 51.5

Male 2,796 58.4 3,313 59.0 6,109 58.7 1,395 47.7 1,760 49.2 3,155 48.5

1 937 19.6 1,112 19.8 2,049 19.7 553 18.9 738 20.6 1,291 19.9

2 852 17.8 1,064 18.9 1,916 18.4 547 18.7 685 19.2 1,232 19.0

3 955 20.0 1,143 20.3 2,098 20.2 614 21.0 718 20.1 1,332 20.5

4 1,006 21.0 1,111 19.8 2,117 20.3 637 21.8 761 21.3 1,398 21.5

5 1,036 21.7 1,190 21.2 2,226 21.4 575 19.7 674 18.9 1,249 19.2

C18 2,899 60.6 3,510 62.5 6,409 61.6 2,036 69.6 2,567 71.8 4,603 70.8

C19 374 7.8 320 5.7 694 6.7 156 5.3 157 4.4 313 4.8

C20 1,394 29.1 1,633 29.1 3,027 29.1 702 24.0 794 22.2 1,496 23.0

C21 119 2.5 157 2.8 276 2.7 32 1.1 58 1.6 90 1.4

Staged Yes 4,067 85.0 5,247 93.4 <0.001 9,314 89.5 2,016 68.9 2,694 75.3 <0.001 4,710 72.4

1 485 11.9 944 18.0 1,429 15.3 240 11.9 430 16.0 670 14.2

2 1,232 30.3 1,456 27.8 2,688 28.9 751 37.3 893 33.2 1,644 34.9

3 1,425 35.0 1,676 31.9 3,101 33.3 652 32.3 728 27.0 1,380 29.3

4 925 22.7 1,171 22.3 2,096 22.5 373 18.5 643 23.9 1,016 21.6

Resected Yes 3,119 65.2 3,805 67.7 0.006 6,924 66.5 1,617 55.3 1,860 52.0 0.009 3,477 53.5

Excision of lesion of colon 523 6.0 236 4.2 759 5.3 344 6.3 181 5.1 525 5.8

Hemicoloectomy 1,937 22.3 1,415 25.2 3,352 23.4 1,265 23.3 908 25.4 2,173 24.1

Colectomy 129 1.5 57 1.0 186 1.3 52 1.0 35 1.0 87 1.0

Resection of rectosigmoid junction 1,256 14.5 735 13.1 1,991 13.9 633 11.6 359 10.0 992 11.0

Resection of rectum & anus 1,999 23.0 1,362 24.2 3,361 23.5 751 13.8 377 10.5 1,128 12.5

No resection 2,840 32.7 1,815 32.3 4,655 32.5 2,397 44.05 1,716 48.0 4,113 45.6

DCO/PMⱡ Yes 23 0.5 15 0.3 0.072 38 0.4 70 2.4 37 1.0 <0.001 107 1.7

2-years Observed 3,211 67.2 3693 74.9 <0.001 6904 71.3 1325 45.3 1586 51.1 <0.001 2911 48.5

2-years Net 3,741 69.3 4,736 76.8 <0.001 8,477 73.3 1,662 53.2 2,255 59.1 <0.001 3,917 56.4
Survival

Gender

NOTE: N, patient number, *p‐value of Pearson's chi‐square test of association of categorical variable and time periods; ⱡDCO=death certificate only or post mortem basis 

of diagnosis; Deprivation:1=least deprived, 5=most deprived

2008-2015
P-value* P-value*

ICD sites

Stage (% out 

of staged)

Deprivation 0.367 0.407

<0.001 <0.001

0.004 0.023

Surgical 

procedure
<0.001 <0.001

2000-2007 2008-2015 2000-2007

0.2160.584

Younger Older
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Table 4.2: Stage-specific surgery rate for colorectal cancer patients in N. Ireland from 2000-2015 for 
young (15-75) and old (75 years and over) by period of diagnosis. 

 

 

 

 

N % N % N % P-value P-value

Young 3,119 65.2 3,805 67.7 6,924 66.5

Old 1,617 55.3 1,860 52.0 3,477 53.5

Young 2,918 71.7 3,707 70.6 6,625 71.2

Old 1,461 72.5 1,790 66.4 3,251 69.2

Young 358 73.8 584 61.9 942 67.0

Old 166 69.2 261 60.7 427 64.4

Young 1,008 81.8 1,245 85.5 2,253 83.9

Old 626 83.4 762 85.3 1,388 84.5

Young 1,149 80.6 1,406 83.9 2,555 82.5

Old 515 79.0 591 81.2 1,106 80.2

Young 403 43.6 472 40.3 875 41.7

Old 154 41.3 176 27.4 330 33.4

Young 3,119 63.8 3,805 65.4 6,924 64.6

Old 1,617 53.7 1,860 52.9 3,477 53.3

Young 381 65.6 601 59.2 982 62.4

Old 181 54.7 271 51.0 452 52.9

Young 1,077 77.9 1,278 83.7 2,355 80.8

Old 686 72.8 792 75.3 1,478 74.1

Young 1,231 76.0 1,443 81.7 2,674 78.8

Old 573 63.8 611 68.2 1,184 66.0

Young 431 35.8 483 36.8 914 36.3

Old 176 23.4 186 17.0 362 20.2

All stages 

(imputed)
Yes

<0.001

0.013

<0.001

<0.001

<0.001

0.014

Model 2

Staged

3

4

Stage (% 

out of 

staged) 

1

2

2000-2007 Model 1

Table 3.2: Stage-specific surgery* rate for colorectal cancer patients in N. Ireland from 2000-2015 for 

young (15-75) and old (75 years and over) by period of diagnosis

Total

NOTE: N, patient number, P-value of interaction from logistic regression; Ref, reference value; Model 1, 

unadjusted; Model 2, adjusted for gender,deprivation & site. *Surgery, 3 months prior to diagnosis and 6-

YesAll stages

2008-2015

0.466

Imputed 

stage

1 0.902 0.915

2 0.035 0.017

3 0.059 0.037

4 0.006

Yes

0.006

0.517

0.002

0.667

0.003

0.45

0.386

0.31
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Table 4.3: Stage-specific 2-year survival for colorectal cancer patients in N. Ireland from 2000-2015 for 
young (15-75) and old (75 years and over) by period of diagnosis. 

 

 

 

 

 

 

  

Model 1 Model 2

N % N % N % P-value P-value

Young 3,741 69.3 4,736 76.8 8,477 73.3

Old 1,662 53.2 2,255 59.1 3,917 56.4

Young 3,303 72.2 4,479 77.9 7,782 75.4

Old 1,382 66.6 1,937 69.3 3,319 68.2

Young 465 95.7 923 98.3 1,388 97.4

Old 214 95.7 392 98.1 606 97.6

Young 1,165 91.9 1,391 94.3 2,556 93.2

Old 612 86.9 784 92.0 1,396 89.7

Young 1,239 78.6 123 86.7 2,789 82.9

Old 460 62.8 583 74.6 1,043 69.0

Young 434 24.1 615 28.8 1,049 26.7

Old 96 12.9 178 12.4 274 12.6

Young 3,741 69.3 4,736 76.8 8,477 73.3

Old 1,662 53.2 2,255 59.1 3,917 56.4

Young 485 93.9 944 98.5 1,429 96.2

Old 240 87.5 430 92.2 670 89.9

Young 1,232 90.0 1,456 93.5 2,688 91.7

Old 751 79.6 893 87.7 1,644 83.7

Young 1,425 74.9 1,676 84.3 3,101 79.6

Old 652 55.5 728 68.7 1,380 62.1

Young 925 22.8 1,171 30.5 2,096 26.7

Old 373 8.7 643 10.6 1,016 9.7

All Stages 

(imputed)
Yes

0.002 0.001

0.547 0.555

0.002 0.001

YesStaged

4

Stage (% 

out of 

staged) 

1

2000-2007 2008-2015

All stages Yes

Total

4

Imputed 

stage

1

2

3

NOTE: N, patient number, P-value of interaction from logistic regression; Ref, reference value; Model 1, 

unadjusted; Model 2, adjusted for gender,deprivation & site

2

3

0.17 0.136

0.758 0.728

0.353 0.354

0.153 0.154

0.252

0.468 0.41

0.775 0.799

0.228

0.603 0.589
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Chapter Five  

Are elderly patients having less surgery for their cancer? 
Systematic review and meta-analyses of 352,463 breast, lung, 

and colorectal patients. 
 

5.1 Study rationale 

The International Society of Geriatric Oncology (SIOG) guidelines recommend that older patients 

(≥75 year of age) have a comprehensive geriatric assessment to ensure that an objective measure 

of life expectancy, and not age per se, is informing clinical decisions11. Besides, recent treatment 

recommendations suggest optimal treatments for older cancer patients without serious 

comorbid conditions17 since chronic conditions have considerable implications on treatment 

decisions and treatment outcomes for both cancer and chronic disease47. Despite this, under-

treatment (UT) has been highlighted as a potential cause of poorer survival in older (75 and over) 

cancer patients2. The indication and potential reason for this have been discussed in the 

introductory chapter.  

Surgery remains the mainstay of curative treatment for most cancers as it is responsible for about 

half of the cases where cancer is cured233. For older breast cancer (BC), lung cancer (LC) and 

colorectal cancer (CRC) patients, recent studies157,234,235 and international consensus159,236,237 

suggest that, in appropriately selected patients, surgery has the potential to confer more benefit 

than harm, supporting the use of validated geriatric assessment tools for patient selection. 

However, there are still controversies regarding the benefits of surgery for older cancer patients. 

Besides competing causes of death and cancer stage at diagnosis, health factors such as 

comorbidity and frailty or poor performance status (PS) are genuine reasons to deviate from 
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treatment guidelines. Older patients are more likely to present with a higher prevalence of 

comorbidity59 and are, therefore, less likely to receive curative surgery47,58. Also, in the older 

surgical populations, frailty is an independent risk factor for postoperative mortality, 

complications, prolonged length of stay and discharge to residential care facility54. 

Worldwide, LC, BC and CRC contribute most - 11.6% (2,093,876), 11.6% (2,088,849) and 10.2% 

(1,849,518) - of the total number of new cases in 2018, respectively20. As already discussed, age 

significantly increases the risk of cancer. Although there have been studies conjecturing under-

treatment of older BC238,239, LC122 and CRC240 patients, no reviews of surgical UT in older adult 

cancer patients, and the methods used to measure UT, have been carried out. This systematic 

review chapter aims to (a) assess surgical differences between young and old, (b) assess 

corresponding survival, and (c) assess how information pertaining to (a) and (b) has been 

combined to assess or evaluate UT, while adjusting for comorbidity and/or other health factors. 

 

5.2 Aims and objectives 

Chapter 3 explored potential UT through the association of survival deficit between young and 

old and cancer expenditure per capita. Chapter 4 assessed the potential for surgical UT in the 

older CRC population by observing trends in surgery rates and survival as patient numbers 

increase in the health-care system. To see how UT has been defined and measured, this chapter 

reviews inequalities in surgical receipt between younger and older BC, LC and CRC patients from 

studies reporting on lower surgery rates and lower survival in the elderly.  

The specific objectives of this chapter are to: 

1. Review how UT has been defined and quantified in older adult cancer patients. 
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2. Examine differences in surgery rates between young and old. 

3. Evaluate the potential impact of differential surgery rates on survival. 

4. Assess how objectives 2 and 3 can be combined in the evaluation of UT 

 

5.3 Methods 

This systematic review was reported in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses [PRISMA, an evidence-based minimum set of items for 

reporting in systematic and meta-analyses] statement241. 

5.3.1 Protocol and registration  

The review protocol has been registered (CRD42017064475) on PROSPERO 

(https://www.crd.york.ac.uk/prospero/), an international prospective register of systematic 

reviews, under the title ‘Are elderly patients having less surgery for their cancer?’ 

5.3.2 Search strategy 

A search strategy, employing seven key domains (summarised in Table 5.1) was developed in 

Medline (see Appendix 5.1), to capture (and restrict to) certain types of studies that were 

potentially dealing with or implying UT in the older cancer patients. The rationale for employing 

these domains were informed by an initial informal searches (see section 5.3.2.2), and are 

discussed in the following section. 

5.3.2.1 Seven search domains 

The logical paradigm informing the search strategy for UT in older cancer patients was the 

reporting lower treatment rates and corresponding lower survival in older cancer patients, 

compared to their younger counterparts, with an implicit assumption that lower treatment rates 
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lowered the survival. A recent international study found that the proportion of elderly patients 

receiving resectional surgery, for CRC, was positively associated with survival for patients older 

than 75 years14. A population-based study focussed on the surgical treatment of BC patients over 

80 years of age found that five year overall survival (OS) was 50.6% in the surgical treatment 

group and only 15.2% in the non-surgical treatment group (p<0.001)242. A study on non-small cell 

lung cancer (NSCLC) patients also reported that patients who had surgery as part of their 

treatment regimen, including those with late-stage disease, have a significantly better and longer 

OS (p<0.001) than the non-surgical cohort243. Thus, research was sought that highlighted 

differences in survival outcomes as associated with treatment rate differences.  Therefore, any 

papers sought required a reference to under-treatment using search-terms such as 

‘under?treat*’, ‘less’, and ‘withhold*’, and constituted one domain. An age difference domain 

was defined using search-terms such as ‘geriatric’, ‘old*’, ‘young*’ etc. to identify articles 

exploring differences between age groups (Table 5.1).  

A domain consisting cancer terms was used to capture studies reporting on BC, LC and CRC, while 

surgery terms, compiled in collaboration with clinicians, were used to restrict treatment modality 

to surgery only for initial scoping searches that included radiotherapy and chemotherapy (or drug 

therapy) yielded unmanageably large results. As previously discussed, surgery is the mainstay of 

curative treatment for most cancers; it is associated with longer survival, even in advanced stages 

disease243, and responsible for about half of the cases where cancer is cured233. Surgical 

treatment superiority over other cancer therapies is well documented for BC244, LC245 and CRC246. 

Women aged 80 and over who had surgical treatment for their BC were reported to have 

improved disease-free survival in a systematic review of 2,947 patients244. Likewise, a review on 

the management of elderly NSCLC patients reported similar OS between elderly (≥70) and young 
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patients treated with surgery, and surgery was associated with improved survival in the 

elderly245.  

Based on the logical paradigm adopted initially, two specific outcomes (which formed a domain 

in the search strategy), treatment rates and survival, were sought to identify and quantify UT, 

and these were initially assumed to be, and were in fact mostly, reported separately in two 

distinct analysis within studies. However, as the paradigm developed it became evident that to 

imply UT, lower treatment rates in the elderly should take into consideration their a) clinical 

profile and b) survival outcome due to the lack of appropriate (i.e. based on their clinical factors) 

treatment rates (see Chapter 1). As already discussed, clinical factors such as comorbidity47,58 and 

cancer stage14,60 have been shown to reduce treatment rates (see Chapter 1, Section 1.4). Thus, 

the strategy was developed to restrict the search to studies that showed evidence of adjusted 

analysis for relevant clinical factors. Therefore, these clinical factors along with ‘performance 

status’, ‘functional status’ and (patient) ‘choice’ formed a domain in the search strategy.  A 

related domain was defined to identify studies using analysis techniques employed to adjust 

treatment rate and survival estimates as initial exploration (see section 5.3.2.2) retrieved articles 

that predominantly inferred UT by employing conventional regression methods. Terminologies 

such as ‘univariate’, ‘multivariate’ and ‘cox regression’ were utilised in conjunction with the 

outcome domain (above). 

Moreover, this ‘individualisation’ of the paradigm lead to the consideration of integrating both 

‘outcomes’ in the same analysis (e.g. survival analysis which includes treatment as an 

independent variable), and further considering causal inference mediation approaches. Causal 

inference terminologies were added later (see section 5.3.2.3), incorporating modern statistical 

approaches, in light of limitations connected with the standard regression methods, including 
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inadequate control of confounding in the presence of a mediator (see section 6.2.4 of chapter 

6).  It should be noted that this later addition (see section 5.3.3), did not focus on particular types 

of method, but on general causal inference themes, and was not used during ‘title and abstract’ 

screening. 

5.3.2.2 Initial exploration  

An informal search, conducted in Medline, was carried out whereby each abstract must contain 

a key term from each of three domains (i.e., cancer sites, surgical resection, under- and over-

treatment terms) in order to develop a better and more specific search strategy. The sampling 

and screening process was as follows:  

Step 1: the first 1,000 papers were sampled and their titles were screened for relevance, and 

yielded sixteen potentially relevant articles.  

Step 2: 1% sampling was conducted by screening the title of the 1st paper of every 100 articles. 

It was discovered that keywords that generated many relevant papers (i.e. would meet the 

eventual inclusion criteria [see section 5.3.3]), such as var* (i.e. variable ontology) and diff* (i.e. 

difference ontology) were often the sole search-term included in the  “under-treatment” domain 

and hence indispensable, while other terms such as “unfair*” and “overuse” could be removed 

as it became evident through informal screening of their abstracts that they were not relevant. 

This sampling exercise yielded ten extra papers 

Step 3: 1% sampling of the 45,000 results excluded after combining the UT terms to the first two 

domains (i.e., cancer sites, surgical resection) was conducted. This step assessed the probability 

of omitting relevant under-treatment papers by restricting the search to cancer and surgery 

themed articles. 
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Step 4: after methodically screening the titles and abstracts of all the (26) potentially relevant 

articles obtained from the previous steps, a general pattern was observed that relevant papers 

contained seven indispensable crude ontologies or domains each comprising of keywords or 

MESH term elements. The domains follow along with search-terms row listing in Appendix 5.1:  

cancer sites (1-14), surgery terms (16-45), under- and over-treatment terms (48-78), age groups 

(81-89), clinical factor adjustment (92-114), method of analysis (117-136), and outcome (139-

148). The search strategy identified research articles wherein at least one element of each 

domain was detected in the following fields (see Appendix 5.1): title, article, keywords. 

5.3.2.3 Electronic databases 

Four electronic databases (Medline, Embase, Web of Science (WOS) and PubMed) were searched 

for English-language articles from inception to June 2017. The search of PubMed database was 

restricted to retrieve non-indexed articles of the last six months. The search strategy was 

updated (to include causal inference terms) and rerun in all the databases from inception until 

April 2019 as described above.   Records captured in the original search and already screened 

were separated out from the new search results following Bramer and Bain’s strategies247. The 

search strategy in Appendix 5.1 was developed in collaboration with clinicians (Dr. Gerard Hanna, 

Dr. Stuart McIntosh and Dr. Jeffrey Campbell), a systematic review expert (Prof Mike Clarke), a 

cancer epidemiologist (Dr. Michael O’Rorke), a subject Librarian for Medicine (Mr. Richard Fallis) 

and a medical statistician (Dr. Finian Bannon).   

5.3.3 Eligibility criteria 

The retrieved articles were screened for eligibility using the following inclusion criteria:  

1) any type of study irrespective of the setting but excluding reviews and case reports;  

2) study investigating BC, LC and CRC patients;  



 

Page | 94  

3) study measuring surgical treatment of BC, LC and CRC patients and;  

4) assessing surgical difference between young and old; and  

5) study that adjusted for comorbidity or other prognostic factors.  

5.3.4 Study selection  

The electronic databases were searched by the principal investigator (PI), Abdul Qadr. Individual 

search results were combined and duplicates removed, electronically and manually. Studies from 

any country were included. Four reviewers (Dr Finian Bannon, Dr Michael O’Rorke, Dr Haydee 

Jordao and Dr Gerard Walls) independently screened a fourth of the titles and abstracts, while 

the PI reviewed all identified papers against the eligibility criteria mentioned above.  

5.3.5 Data extraction  

The articles of all eligible studies were reviewed and screened for data extraction by the PI. The 

descriptive details extracted included study characteristics (author name, year of publication, 

country, study design, diagnosis period, clinical setting), and characteristics of the population 

under study (size, age, and stage of disease), and characteristics of the statistical analysis 

(method, outcome, i.e. surgery rates and observed [OS] and net survival [NS], 95% confidence 

intervals (Cls) and covariates for adjustment ).  

In the eligible articles, either univariable or multivariable regression analyses were reported to 

quantify surgery and survival differences between young and old, and hence infer potential UT. 

Ideally, a multivariable analysis quantifying age group effect on surgery outcome (odds ratio [OR] 

of receiving surgery) would be adjusted for clinical variables. As the number of studies with 

multivariable analysis was low, requests were made for adjusted analysis for studies that had 

relevant clinical information, in which age groups were set at younger patients (<75) and older 
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(≥75). Two studies (Hamaker et al.228 and Bates et al.248), provided on request surgery rates 

stratified by age. A further two authors, Wyld et al.33 and Lavelle et al.32,249,250 no longer had 

access to the data. Two further studies (Speelman et al.251 and Bolton et al.252) that presented 

adjusted surgery rates on a graph could not be included as it was too difficult to extrapolate.  In 

summary, there was not sufficient studies to present an adjusted age group effect estimate and 

meta-analysis proceeded for univariable analysis of age on surgery rate. To maximise the number 

of studies available for age group comparisons, different binary age groups were defined with 

the lowest ‘elderly’ patient age: 65, 70, 75, 80, and 85. When a study presented finely stratified 

age groups, the number of patients and events for each age-group was, if possible, reconstituted 

and assigned to its respective binary age group. 

The methodological quality, such as cohort selection, comparability and outcome, of the 

included studies was assessed using the Newcastle–Ottawa Quality Assessment Scale253 (NOQAS; 

see Appendix 5.2). 

5.3.6 Data analysis and synthesis 

Unadjusted study ORs were synthesized in random effects model meta-analysis, for different age 

group definitions (i.e., <65 vs ≥65, <70 vs ≥70, <75 vs ≥75, and <80 vs ≥80) to calculate the 

combined OR and associated 95% Cls. Random effects model was used to account for 

heterogeneous  age-group effect estimates on OR. Adjusted ORs and (unadjusted and adjusted) 

HRs were not pooled due to an insufficient number studies with a common binary age-group 

variable. The ‘metan’ user-led command in Stata was used, which produced the I-squared 

measure of statistical heterogeneity under the fixed model. The ‘metareg’ command was used 

to perform meta-regression to explore heterogeneity potentially caused by demographic and 

clinical factors such as country, study design, clinical setting and cancer stage. For the meta-
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regression analysis, country was grouped into region (i.e., USA, Europe or other); study design 

was grouped into retrospective or other (i.e., prospective & cross-sectional survey); study setting 

was categorised into registry and other (i.e., hospital & registry, and hospital); stage was grouped 

into resectable (i.e., stage I-III, resectable or locally advanced, early-stage, loco-regional) or all 

stages (i.e., I-IV and not recorded). The Stata commands ‘metafunnel’ for funnel plot, a graphical 

aid for identifying publication bias or systematic heterogeneity, and ‘metabias’ for Egger’s test, 

which  generates a significance test for identifying publication bias were used, respectively. Stata 

IC release 14.0 (StataCorp, College Station, TX, USA) was used for all analyses. 

 



 

Page | 97  

 

Figure 5.1: PRISMA flowchart diagram outlining the study search and selection process  

 

5.4 Results 

5.4.1 Description of studies included 

Figure 5.1 outlines the study search and selection process, with justification for study exclusions. 

After duplicates were removed, a total of 14,452 studies were identified. Of these, 14,182 were 

irrelevant from the initial screening of their title and abstract. Two hundred and seventy full-text 
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papers were retrieved and assessed for relevance, with 30 meeting the eligible criteria for 

inclusion.  

Tables 5.2a-c summarises the characteristics of the 30 studies5,32,254–263,33,264–273,50,108,210,228,248–250, 

from which 34 individual estimates (i.e. ORs and/or HRs) were obtained, concerning patients 

with BC (230,200; 71.9%), LC (77,573; 24.2%), and CRC (12,407; 3.9%). Of these, the majority 

(83%) were retrospective cohort studies, 10% prospective; one study258 combined both designs 

to ascertain cases, while another265 employed a cross-sectional study design. The majority of 

studies were conducted in the USA (30%), UK (27%) or the Netherlands (20%), spanning years 

1995 to 2017. Studies were either population-based using cancer registry data (57.9%) or 

hospital-based (39.5%) and one study267 used both sources, in a record linkage project, to confirm 

a primary diagnosis.  

Tables 5.2a-c also summarises participants’ and tumour characteristics from the included 

studies. The study sizes varied considerably with the smallest250 comprising 76 participants and 

the largest comprising 108,651 subjects228. Cancer stage was reported in all of the studies, except 

two257,267, and varied from operable (I-II) to all stages (I-IV). 

Based on the NOQAS253 assessment criteria for this study (Appendix 5.2), the methodological 

quality of the included cohort studies was moderate to high with an average score of seven out 

of a possible nine (range 5–9; Appendix 5.3)
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5.4.2 Definition and quantification of UT 

In accordance with the rationale behind the search strategy discussed in section 5.3.2.1, the 

potential for UT was based on the clinical factors adjusted for in the included studies. Ideally, 

UT could be implied through the report of survival difference accounting for clinically-specific 

treatment rates, undertaken in a single or two separate analyses, thus allowing for the impact 

of the lower treatment rates, in the older patients, to be measured. Several challenges were 

encountered in deducing such interpretation as discussed below.  

No explicit definition of UT was stated in the eligible studies. The majority of the studies 

conjectured that UT was represented as lower surgery rates with, in separate analyses, lower 

survival for older patients considering the presence of comorbidity and cancer stage. 

Comorbidity (96.7%) and stage (93.3%) were reported in nearly all of the studies, but not 

every study that reported them adjusted for them. Only eight (26.7%) 

studies5,32,50,108,249,250,268,271 estimated adjusted surgery rates in young and old (Tables 5.3a-c). 

Also, other clinical factors, such as PS and patient choice, were only reported in eight studies 

(26.7%) and one study (3.3%), respectively (Figure 5.2). Of the eight studies, four (50%) 

adjusted the analysis for PS, while only one study, Lavelle et al. 201432, did so for patient 

choice. 

Eleven (37%) studies reported a difference in clinically-specific survival estimates between 

young and old, i.e. adjusted survival analysis (Tables 5.4a-c). However, none accounted for 

PS and patient choice. Stratified analysis of survival by treatment was reported in four 

studies50,259,264,270.  

All of the above analyses were performed using conventional regression methods; no causal 

inference methodology has been used to quantify UT in BC, LC and CRC patients. 
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Figure 5.2: Report of clinically relevant factors by the included studies 

5.4.3 Proportion of patients receiving surgery 

5.4.3.1 Breast Cancer  

Table 5.3a summarises the results of 15 observational studies reporting on the surgery rates 

of women with BC. All of the studies reported the proportion of surgery stratified by age, 

with older women having less surgery compared with the younger. After adjusting for clinical 

and demographic factors, four studies32,249,250,271 reported significantly lower surgical 

treatment in older women. Following adjustment for comorbidity, cancer stage, PS and 

patient choice, Lavelle et al.32 reported improved odds ratio (OR), comparing old with young, 

of getting surgery (OR 0.21 95% CI 0.10 – 0.46) compared with the unadjusted analysis (OR 

0.09 95% CI 0.05 – 0.17) for elderly women (≥85 vs. 70-74 years old) with operable stage 

disease.  

A meta-analysis combined to give an overall unadjusted OR of surgery receipt comparing old 

to young. Comparing breast surgery rates in 8 studies comprising 170,447 patients between 

<75s and ≥75, the pooled random-effect analysis (OR 0.31, 95% CI 0.13 - 0.78) showed that 
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older BC patients were less likely to receive surgery. The random effects model was necessary 

due to high heterogeneity (I² =99.8%, p <0.001) in the fixed model. Similar findings were 

obtained for other age categories (Figure 5.3a-d).  

5.4.3.2 Lung Cancer 

Table 5.3b summarises the result of 11 observational studies reporting on the surgery rates 

of LC patients5,108,263,264,266,267,269,272–274. After adjusting for clinical and demographic factors, 

two studies5,108 reported significantly lower LC resection rates in older patients. Comparing 

the 66-69 year olds and those ≥85 years, Berry et al.108 reported markedly lower surgery rates 

for older patients after accounting for stage, comorbidity, race and socioeconomic status (OR 

0.24, 95% CI 0.15-0.39); the OR was lower in the unadjusted estimate (e.g. OR 0.09 95% CI 

0.15-0.39). Likewise, Forrest et al.5 compared those <60 years and those ≥80 years, adjusting 

for PS, amongst other clinically relevant factors, and reported lower odds of receiving surgery 

in the older patients (OR 0.22, 95% CI 0.18-0.26); the OR was lower in the unadjusted 

estimate (e.g. OR 0.14 95% CI 0.05 – 0.17).  

The unadjusted analyses from these studies were pooled to conduct a meta-analysis of rates 

of surgery for different age group definitions. However, one study267 was excluded due to 

inappropriate age categorisation. Comparing LC surgery rates between <75s and ≥75, the 

pooled random-effect analysis (OR 0.54 95% CI 0.39 - 0.75) confirmed that older LC patients 

were less likely to receive surgery. However, there was evidence of high heterogeneity (I² = 

96.4%, P <0.001) from fitting the fixed effect model. Similar findings were obtained for other 

age categories (Figure 5.3a-b & d) however, the difference aged ≥70 (vs <70) was insignificant 

(OR 0.66, 95% CI 0.41 - 1.05; [Figure 5.3c]).  

5.4.3.3 Colorectal Cancers  

Table 5.3c summarises the result of 6 observational studies reporting on the surgery rates of 

colon, rectum and colorectal cancer patients50,210,256,258,259,263. Older age (<75 vs ≥75) was 
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associated with a decreased level of surgery (OR 0.41, 95% CI 0.19 – 0.83), after adjusting for 

stage, comorbidity and gender50. The reported unadjusted analysis (OR 0.52, 95% CI 0.33 – 

0.82) showed a significant decrease in receipt of surgery by increasing age. All of the studies 

except that by Shahir et al.259 reported that increasing age was associated with lower odds of 

surgery.  

A meta-analysis was conducted on three colorectal studies50,210,258 reporting rate of surgery 

between <75s and ≥75 and two studies256,259 comparing patients <70s and ≥70. Comparing 

colorectal surgery rates between <75s and ≥75, the pooled random effect OR was 0.59 (95% 

CI 0.51, 0.68), suggesting that older patients were less likely to receive surgery, with no 

evidence of heterogeneity, (I² = 0.0%, P = 0.371). Rates were also lower when comparing 

those under 70 years with older patients but this was not statistically significant (OR 0.63; 

95% CI 0.17 – 2.31) and there was evidence of high levels of heterogeneity (I² = 89.8%, P 

=0.002; Figure 5.3a & c).  

5.4.3.4 Meta-regression: relationship between surgery rates and study characteristics  

Meta-regression was performed to explore reasons for high heterogeneity of the age effect 

on surgery outcome. The studies from all sites were combined to increase numbers. 

Significant sub-groups that did explain log OR (old versus young) heterogeneity and had 

sufficient studies in sub-group categories (i.e. positivity) were region of study (Europe, 

particularly the Netherlands, had lower surgery rates in the elderly than the US), and site 

(breast cancer patients had comparatively lower surgery rates in the elderly to the young 

than was the case in lung cancer [P=0.07]). Entering site and region as fixed effects in the 

meta-regression analysis typically reduced heterogeneity (tau squared) by 50%. In summary, 

this further analysis confirms that elderly patients undergo surgery less, and that this varies 

by cancer site and country. 
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Figure 5.3a-d: Forest plots of (unadjusted) odds ratios of having surgery between young and old; a) 
<75 vs ≥75, b) <65 vs ≥65, c) <70 vs ≥70, and d) <80 vs ≥80. 
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5.4.4 Survival 

5.4.4.1 Breast Cancer  

Survival analysis was only possible for three studies (Table 5.4a). Bergman 1991270 reported 

that older patients (≥75 vs 65-74) had higher disease specific HR of 2.97 (p<0.05), adjusting 

for stage, and treatment type (i.e., radiotherapy, hormone therapy, and various treatment 

combinations). Adjusting for comorbidity and stage, Janssen-Heijnen et al.263 reported that 

older women (≥80) had a higher risk of death (HR 4.01, 95%CI 3.58 - 4.48) from BC than 

younger women (50-64). The estimated univariate analysis showed a significant decrease in 

5-year OS (HR 2.52 95% CI 1.47 – 4.34) in older patients (>80 vs 60-70 age group)260.  

5.4.4.2 Lung cancer 

For survival analysis, it was possible to compile data from five studies (Table 5.4b). The 

estimated univariate HR showed a significant decrease in OS for the elderly. One study266 

reported a HR of 2.44 (95% CI 1.71 - 3.50) for older versus younger LC patients (≥65 vs <65). 

For localised NSCLC (stage I or II), Janssen-Heijnen et al.264 reported an HR of 18 (95% CI 11.4 

- 28.4) in an unadjusted analysis comparing patients aged 80 and older to younger patients 

<60, but which reduced to an HR of 1.31 (p=0.07) on adjusting for comorbidity, gender, 

histology, tumour size and treatment type (radiotherapy, or radiotherapy and surgery). Berry 

et al. reported similar ORs264 on adjusting for comorbidity and stage, as did Shirvani et al.272 

on adjusting for chronic obstructive pulmonary disease. Jazier et al.266 reported that age, 

surgical resection, PS, tumour stage, haemoglobin level and forced expiratory volume per 

second (FEV1) all had a significant effect on OS in univariable analysis, while PS and tumour 

stage were negatively associated with OS in a multivariable analysis274 (data not shown). 

5.4.4.3 Colorectal cancer   

Survival estimates were extracted from five studies, and old age and lack of treatment were 

reported as independent prognostic factors (Table 5.4c). 
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An unadjusted analysis showed a significant decrease in 5-year OS (HR 2.97 95% CI 1.98 - 

4.45) in older patients (≥70 vs 60-69 age group)259; the HR 2.2 (p<0.0001) remained significant 

on adjusting for comorbidity, stage, gender, socio-economic status and treatment (i.e. 

surgery alone, surgery plus radiotherapy)259.  

Comparing ≥80 versus 50-64 year olds after adjusting for comorbidity and stage, increased 

HRs were reported in older patients for both colon and rectum, (HR 3.39 95% CI 3.02 – 3.81) 

and (HR 3.06 95% CI 2.59 – 3.60)263, respectively. 

Older patients had higher excess mortality risk (HR 1.52, 95%CI 1.03-2.22) when compared 

to older patients (≥75)50 after adjusting for comorbidity, gender, therapeutic options, and 

tumour localisation and extension.  

5.4.5 Surgical complication, postoperative morbidity and mortality 

This section relates some incidental results gathered when reading the full text of the 

included studies, but outside the scope of the systematic review design.  

5.4.5.1 Breast Cancer 

There was no evidence of worse surgical complications in older women. Janssen-Heijnen et 

al.263 found no significant difference in the proportion of breast cancer patients with 

complications after surgery, 19% (50-64), 21% (65-79) and 16% (≥80). Wyld et al.33 reported 

no death related to breast surgery either in the young or in the older patients, though there 

was a non-significantly higher wound-related complications (i.e. haematomas infections) 

rate in the older age group (9.8% vs 8.2%), but no difference in seroma – a pocket of fluid 

composed of blood plasma that sometimes develops in the body after surgery - rates (20.8% 

vs 19%).  
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5.4.5.2 Lung Cancer 

Janssen-Heijnen et al.263 reported that of those who underwent resection for stage I-II NSCLC, 

50% of younger vs 75% of older patients suffered from one or more complications (e.g. major 

infection, cardiac, kidney, postoperative death etc.) within three months. Also, death 

occurred in 3–5% of younger compared to 25% of patients aged 80 or older (P<0.01)263.  

5.4.5.3 Colorectal cancer 

For rectal cancer patients, age was associated with a higher risk of developing treatment-

related complications (OR 1.8, p=0.01)259 and, for both colon and rectal cancers, higher death 

rates due to complications263. Moreover, older patients experienced more postoperative 

morbidity (50% vs 30%, p=0.003) and mortality (19% vs 9%, p=0.018) than younger 

patients256. However, Latkauskas et al258, reported no difference in surgical complications 

rate (17% vs 15.5%, p=0.06), between young (<75)  and old (≥75)258. 

5.4.6 Publication bias 

A funnel plot of the fixed effects model  was used to assess for publication or small study 

biases for the 16 studies (all sites) included in the meta-analysis comparing surgery rates 

between young (<75) and old (≥75). However, the high heterogeneity in the effect of age 

group suggested a random effects model would be more appropriate and hence a funnel plot 

would not be appropriate to reach a conclusion about publication bias (Figure 5.4). Using 

meta-regression, the inclusion of a regional covariate, largely distinguishing the US from 

Europe, reduced the tau2 from 0.61 to 0.30. There was no evidence that the distribution 

smaller studies’ departures from the fixed component of the meta-regression model had 

greater asymmetry, demonstrated by regressing the estimate’s predicted standardised 

random effect against its standard error. This is still a crude test of publication bias, because 

residual heterogeneity may have reduced the power to detect an association, whereby small 
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studies within their own regions are more likely to be published if they show poorer surgery 

rates in the elderly. 

 

Figure 5.4: Funnel plot assessing publication and other small study biases in studies reporting 
surgery rates between <75 and ≥75. 

 

5.5 Discussion 

5.5.1 Main finding 

In this review, age inequalities in receipt of surgery and survival estimates were found for BC, 

LC and CRC. Treatment rates were lower in older − women with BC patients, after adjusting 

for comorbidity, PS, functional status and patient choice32, −LC patients after accounting for 

PS, amongst other clinically relevant factors5, and −CRC patients after adjusting for stage, 

comorbidity and gender50. In separate analyses, older BC, LC and CRC patients had lower OS 

and NS compared to the young.  
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Clinically-specific survival comparisons between younger and older were conducted in eleven 

(37%) studies, of which only four studies performed stratified analysis of survival by 

treatment. However, they all used conventional regression methods suggesting that there is 

very little credible research in the cancer literature quantifying UT. In addition, no study 

accounted for PS and patients’ choice. 

5.5.2 Comparison with other reviews 

The findings in this review of inequalities in surgery and survival between young and older 

cancer patients accord with other systematic reviews.  

A comprehensive review of 59 studies looking at various aspects of UT discovered numerous 

reports of lower treatment rates in older breast and gynaecologic cancer populations, 

adjusted for other clinical and demographic factors and comorbidities239. Furthermore lower 

treatment rates decreased net survival for older breast and ovarian cancer patients239. In 

some European countries275, 50% of older patients do not receive surgery275. In LC, 

discrepancies were shown in surgical rates between the young (18%) and elderly (2.1%)276. 

Despite the mode of clinical presentation being similar, and younger patients often 

presenting with more advanced LC disease277, the rates of exploratory thoracotomy and 

pneumonectomy were higher in the younger than older cohort. 

Simmonds et al.58 conducted a systematic review consisting of 34,194 patients from 28 

studies, not all of which would meet the inclusion criteria of the current review, and 

discovered that older colorectal patients were less frequently treated with curative surgery 

and underwent more emergency surgery. The elderly were also more likely to present with 

later-stage disease, have increased comorbid conditions, increased postoperative morbidity 

and mortality.  
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5.5.3 Treatment decision-making process 

In this review, older age was associated with lower surgery rate and lower survival, even after 

accounting for various health factors, but patient choice was only reported in one study32. 

Previous studies evaluating factors influencing older adults’ cancer treatments have used 

different methods and have shown conflicting results. A systematic review of 38 studies, in 

which the majority of the studies focused on breast and prostate cancer treatment decisions 

and used mostly qualitative methods, found that physician recommendations were the most 

consistent factor affecting treatment rates. However, the measurement tool used to assess 

reasons for accepting or declining cancer treatment was not used by most of the studies, and 

the qualitative studies mostly did not include the interviewer or moderator topic guide. Many 

of the study participants’ did not base their treatment decisions on expectations about side 

effects or shared-decision making, as they mostly accepted treatment recommendation from 

their oncologist. On the other hand, a systematic review of 18 studies, based on Droogan and 

Cullum guidelines278, concluded that older cancer patients are usually content with the 

information they receive, but dissatisfied with the quality and quantity of contact and care279. 

A systematic review using hypothetical treatment scenarios found that: a) the degree of 

treatment benefits, b) the anticipated side effects and c) the previous treatments 

experienced, were all factors affecting why older adults with cancer accept or decline 

treatments280. “Previous treatment received” (i.e. surgery) was associated with acceptance 

of treatment given in the two of the three studies examining treatment decisions for CRC, 

Bossema et al.281 and Harrison et al.282. Patients experiencing current incontinence were 

more prepared to forgo life years (i.e., decline surgery) to avoid a permanent stoma281,282. 

5.5.4 Strengths and limitations 

The strength of this review is that it has explicitly considered the effect of comorbidity and/or 

other health factors in inferring UT in the older adult BC, LC and CRC population. However, 
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corresponding adjusted treatment rates and adjusted survival were rarely reported in the 

same study. Also, adjusted analyses often failed to include PS and only one study32 

considered patient choice. The unadjusted ORs for receipt of treatment comparing elderly 

versus younger patients was always much higher than the adjusted ORs pointing to the need 

to adjust for confounding. None of the survival estimates accounted for PS and patient 

choice. Older patients have poorer performance that impacts cancer outcomes 

negatively54,124. Apart from the rare reporting of net survival, there was little reporting in the 

literature regarding competing risks of death that, being higher in the elderly, could inflate 

the impression of the potential for UT. 

The systematic process used to identify the included studies reflect the efforts made to 

identify papers that attempted to adjust for confounding. Conventional regression method 

was used to report mean surgery rates and survival in the younger and older. However, this 

method has limitations, as discussed in the following chapter.  

5.5.5 Implications for future research 

While this review points to several areas that could be the subject of more detailed inquiry 

including considerations of patient treatment choice, physician’s beliefs and increased 

adverse effects of treatment, this section will mainly focus on the method of quantifying 

potential UT in the older subjects.  

The review has demonstrated a need for some criteria or key variables that need to be taken 

into consideration when assessing UT. Clinical guidance159,236,237 suggest that the 

measurement of the extent of disease at diagnosis and comorbidity have to be considered 

when making judgments about treatment appropriateness. The health status diversity of the 

older cancer population also demands a thoroughly customised approach to care that takes 

account of individual PS53. Consequently, these three factors; cancer stage, comorbidity and 

PS, should be used to measure UT in the older cancer patients. In parallel, a robust method 
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is needed to combine treatment and survival outcomes in the one analysis. Reporting these 

outcomes separately, as marginal means, fails to recognise the necessity of quantifying this 

relationship at the individual patient level and not in an ecological manner.  

Novel causal inference approaches can adequately correct for multiple sources of 

confounding and estimate the effects of mediating factors. Such an approach requires 

consideration of the main sources of confounding, which are made explicit in a Direct Acyclic 

Graph (DAG). Thus, this thesis applies causal mediation analysis to quantify UT. Causal 

mediation analysis using g-computation formula is used to, in a single analysis; credibly 

identify under-treatment as the proportion of the deficit in survival between younger and 

older cancer patients that is mediated by lower clinically-specific treatment rates in the 

elderly in Chapters 7 and 8. The rationale behind employing such a method and the 

limitations of the conventional regression approach are discussed in Chapter 6. 

 

5.6 Conclusion 

There is very limited credible evidence in the literature of a robust approach to quantify UT.  
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Table 5.1: A list of some of the terminologies of the seven domains used to search for relevant 
articles in Medline, Embase, Web of Science and PubMed. 

Domain Terminology 

Cancer sites Breast, lung and colorectal neoplasms 

Surgical resection Lumpectomy, mastectomy, colectomy 

Under- and over- treatment under?treat*, sub?optimal, lack*, withhold*, 

over?treat*. 

Age  Geriatric, “Aged, 80 and over”, young*, old* 

Clinical factors Stage, comorbidity,  performance status 

Mode of analysis Regression, multivariate, causal inference, odds ratio, 

proportional hazard model 

Outcomes Rate, survival, mortality 

NOTE: the seven domains were based on an initial search conducted, see section 5.3.2.2 
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Table 5.2a: Demographic and characteristics of 15 studies evaluating patients with breast cancer  

Study 
STUDY CHARACTERISTICS   PARTICIPANTS   TUMOUR 

Country Study Design Diagnosis Period Clinical Setting Method  Size  Age  Cancer Stage 
                      

August, 1994255    USA Retrospective cohort 1988 − 1990 Hospital Univariate  128 ≥55  I-II 

Ballard-Barbash, 
1996268 

USA Retrospective cohort  1985 − 1989 Registry Multivariate  18,704 ≥65  I-II 

Bates, 2014248 UK Retrospective cohort 2007 Registry Univariate  37,113 All  I-IV 

Bergman, 1991270 Netherlands Retrospective cohort 1980 − 1987  Registry Multivariate  300 ≥55  I-IV 

Giordano, 2005271 USA Retrospective cohort 1997 − 2002 Hospital Multivariate  1,568 ≥55  I-IIIA 

Hamaker, 2013228 Netherlands Retrospective cohort 1995 – 2005 Registry Univariate  108,651 All  Resectable 

Janssen-Heijnen, 
2007263 

Netherlands Retrospective cohort 1995 − 2004 Registry Multivariate  8,501 ≥50  I-III 

Jeevan, 2017257 UK  Retrospective cohort 2008 − 2009 Hospital Multivariate  13,225 ≥16  NR 

Kuzan, 2013260 Turkey Retrospective cohort 2003 − 2011 Hospital Univariate  332 ≥60  I-IV 

Lavelle, 2007250 UK Prospective cohort 2002 − 2003 Hospital Multivariate  76 ≥65  I-IIIa 

Lavelle, 201432 UK Prospective cohort 2012 − 2013 Hospital Multivariate  800 ≥70  I-IIIa 

Lavelle, 2012249 UK Retrospective cohort 1997 − 2005 Registry Multivariate  23,038 ≥65  I-IV 

Morgan, 2015254 UK Retrospective cohort 2002 − 2010 Registry Multivariate  17,129 ≥70  I-III 

Naeim, 2006265 USA Cross-sectional survey  2001 Registry Univariate  257 ≥55  I-IV 

Wyld, 200433 UK Prospective cohort 2002 − 2002 Registry Univariate  378 ≥55  Resectable or 
locally advanced 

                      

NOTE: NR, Not reported 
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Table 5.2b: Demographic and characteristics of 11 studies evaluating patients with lung cancer 
           
 STUDY CHARACTERISTICS   PARTICIPANTS   TUMOUR 

Study Country Study design Diagnosis Period Clinical setting Method  Size  Age  Cancer stage 
                      

Berry, 2013108 USA Retrospective cohort 2004 − 2007 Registry Multivariate  2,958 ≥66  IIIA 

Forrest, 20145 UK Retrospective cohort 2006 − 2010 Registry Multivariate  28,733 All  I-IV 

Hall, 2004267 Australia Retrospective cohort 1982 − 2001 
Registry & 
Hospital 

Univariate  12,708 All  NR 

Janssen-Heijnen, 
2004264 

Netherlands Retrospective cohort 1995 − 1999 Registry Multivariate  4,076 All  All 

Janssen-Heijnen, 
2007263 

Netherlands Retrospective cohort 1995 − 2004 Registry Multivariate  2,385 ≥50  I-III 

Jazieh, 2002266 USA Retrospective cohort 1990 − 1998 Hospital Univariate  551 All  I-II 

Palma, 2010274 
British 
Columbia 

Retrospective cohort 2000 − 2006 Hospital Univariate  558 All  I 

Satoh, 2009273 Japan Retrospective cohort 1978 − 1997 Hospital Univariate  1,183 All  I-IV 

Satoh, 2009273 Japan Retrospective cohort 1998 − 2007  Hospital Univariate  1,592 All  I-IV 

Shirvani, 2012272 USA Retrospective cohort 2001 − 2007 Registry Univariate  10,923 ≥66  IA-IB 

Shirvani, 2014261 USA Retrospective cohort 2003 − 2009 Registry Multivariate  9,093 ≥66  Early-stage 

Smith, 1995269 USA Retrospective cohort 1985 − 89 Registry  Univariate  2,813 ≥65  Loco-regional 
                      

NOTE: NR, Not reported 
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Table 5.2c: Demographic and characteristics of 6 studies evaluating patients with colon, rectal and colorectal cancers 

 
           

Study 
STUDY CHARACTERISTICS   PARTICIPANTS   TUMOUR 

Country Study design Diagnosis Period Clinical setting Method  Size  Age  Cancer stage 
                      

Colon cancer 
                      

Janssen-Heijnen, 
2007263 

Netherlands 
Retrospective 

cohort 
1995 − 2004 Registry Multivariate  4,911 ≥50  I-III 

Jonker, 2012256 Netherlands 
Retrospective 

cohort 
2002 − 2007 Hospital Univariate  286 All  I-IV 

Rectal cancer 
                      

Janssen-Heijnen, 
2007263 

Netherlands 
Retrospective 

cohort 
1995 − 2004 Registry Multivariate  2,674 ≥50  I-III 

Shahir, 2006259 Netherlands 
Retrospective 

cohort 
1995 − 2001 Registry Multivariate  426 ≥60  I-III 

Colorectal cancer 
                      

Latkauskas, 2005258 Lithuania 
Retrospective 

cohort 
1996 – 2002 Hospital Univariate  686 All  III-IV  

Quipourt, 2011210 France 
Retrospective 

cohort 
2004 − 2007 Registry Univariate  2,921 All  III 

Serra-Rexach, 201250 Spain 
Retrospective 

cohort 
2003 − 2005 Hospital Multivariate  503 All  I-IV 
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Table 5.3a: Surgery rates, unadjusted and adjusted odds ratios from studies evaluating surgical treatment of women with breast cancer, by age groups. 

 

Age group N N % OR  OR 95% Cl

55-64 51 50 98.0 1

65+ 77 62 80.5 0.08 0.01 - 0.65

65-69 5396 1230 22.8 1 1 Ref

70-74 4797 1022 21.3 0.92 0.83 - 1.01 0.92 0.83  -  1.01

75-79 4067 850 20.9 0.89 0.81 - 0.99 0.88 0.80  -  0.97

≥80 4444 1351 30.4 1.48 1.35 - 1.62 1.56 1.42  -  1.71

0-39 1724 1549 89.9 0.70 0.57 - 0.85

40-49 5494 4986 90.8 0.77 0.68 - 0.88

50-59 8239 7637 92.7 1

60-69 9585 8754 91.3 0.83 0.74 - 0.93

70-79 6544 5108 78.1 0.28 0.25 - 0.31

80+ 5527 2284 41.3 0.06 0.05 - 0.06

55-64 80 59 73.8 1

65-74 77 59 76.6 1.16 0.56 - 2.4

75+ 74 44 59.5 0.52 0.26 - 1.03

55-64 872 807 92.5 1 1 Ref

65-74 535 483 90.2 0.75 0.51 - 1.1 0.73 0.41  -  1.31

75+ 161 129 79.9 0.32 0.20 - 0.51 0.27 0.13  -  0.54

<65 67095 66357 98.9 1

65-69 11022 10868 98.6 0.78 0.66 - 0.93

70-74 10657 10359 97.2 0.39 0.34 - 0.44

75-79 8199 7600 92.7 0.14 0.13 - 0.16

80-84 6610 7600 83.9 0.06 0.05 - 0.06

85-89 3701 2476 66.9 0.02 0.02 - 0.02

90+ 1367 641 46.9 0.01 0.01 - 0.01

50-64 4265 4265 99.9 1

65-79 3299 3200 97.0 0.003 0.00 - 0.07

80+ 937 759 81.0 0.0004 0.00 - 0.01

Ref

Comorbidity NR

√

Ref

Ballard-Barbash 1996

Study ID

NR

NR

NR

NR

√

Participants

95% Cl

Unadjusted Adjusted

Ref

Ref

Ref

Ref

Ref

Surgery

Comorbidity, Stage, Race, 

Education,  Cancer history

Comorbidity, Performance 

status, Stage

Comorbidity, Stage

Comorbidity, Stage, 

Ethnicity, Deprivation, 

Screening status

Comorbidity

Table 4.3a: Studies evaluating surgical treatment of women with breast cancer

Comorbidity, Stage

August 1994

Bergman 1991

Bates 2014

Giordano 2005

Hamaker 2013

Janssen-Heijnen 2007

Survival 

analysis
Confounding factor
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Age group N N % OR OR 95% Cl

<40 677 393 58.1 0.87 0.63 - 1.21

40-49 2364 1399 59.2 0.91 0.81 - 1.01

50-59 3036 1867 61.5 1

60-69 3286 1801 54.8 0.76 0.69 - 0.84
70-79 2494 811 32.5 0.30 0.27 - 0.34
≥80 1368 189 13.8 0.10 0.08 - 0.12

60-70 249 237 95.0 1

>80 83 66 80.0 0.21 0.1 - 0.46

65-79 56 53 95.0 1 1 Ref

80+ 17 9 53.0 0.06 0.01 - 0.28 0.02 0.001  -  0.361

70-74 275 257 93.5 1 1 Ref

75-79 236 201 85.2 0.40 0.22 - 0.73 0.69 0.32  -  1.50

80-84 151 127 84.1 0.37 0.19 - 0.71 0.54 0.24  -  1.20

85+ 138 79 57.3 0.09 0.05 - 0.17 0.21 0.10  -  0.46

65–69 5769 4984 86.4 1 1 Ref

70-74 5650 4565 80.8 0.66 0.60 - 0.73 0.74 0.66  -  0.83

75-79 5205 3826 73.5 0.44 0.40 - 0.48 0.56 0.50  -  0.63

80-84 3566 2161 60.6 0.24 0.22 - 0.27 0.32 0.28  -  0.36
85+ 2848 971 34.1 0.08 0.07 - 0.09 0.13 0.11  -  0.14

70-74 4576 3958 86.5 1

75-79 4582 3349 73.1 0.42 0.38 - 0.47

80-84 3960 1913 48.3 0.15 0.13 - 0.16

85-89 2645 624 23.6 0.05 0.04 - 0.05

90-94 1053 104 9.9 0.02 0.01 - 0.02

≥95 313 6 1.9 0.003 0.001 - 0.01

<65 93 60 64.0 1

65-75 88 52 59.0 0.81 0.44 - 1.47

>75 60 32 54.0 0.66 0.34 - 1.28

55-69 210 194 92.4 1

>70 167 91 54.5 0.10 0.05 - 0.18

Table 5.3a: (Continued)

NOTE:  N, patient number; OR, odds ratio; CI, confidence interval; Ref, reference; NR, not reported. ORs were extracted from studies, but when not 

reported, unadjusted ORs were estimated as the weighted-sum of age-specific ORs. 

Ref

Morgan 2015

Study ID Confounding factor
Survival 

Analysis

ComorbidityWyld 2004

√ 

Comorbidity, Functional 

status

Comorbidity, Stage

Comorbidity, Functional 

status, Stage

NR

NR

NR

NR

NR

NR

95% Cl

Comorbidity, Functional 

status

Comorbidity, Performance 

status, Functional status, 

Patient choice 

Naeim 2006

Lavelle 2012

Jeevan 2017

Kuzan 2013 Comorbidity

Lavelle 2007

Lavelle 2014

Comorbidity

Participants Surgery

NR

Ref

Ref

Ref

Ref

Ref

Ref

Ref

AdjustedUnadjusted
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Table 5.3b: Surgery rates, unadjusted and adjusted odds ratios from studies evaluating surgical treatment of lung cancer patients, by age groups. 

 

 

Age group N N % OR  OR 95% Cl

66-69 608 158 26.0 1 1 Ref

70-74 837 268 32.0 1.34 1.06 - 1.69 0.82 0.65-1.04

75-79 761 198 26.0 1.00 0.78 - 1.28 0.67 0.52-0.86

80-84 520 68 13.0 0.43 0.31 - 0.58 0.45 0.33-0.60

85+ 232 7 3.0 0.09 0.04 - 0.19 0.24 0.15-0.39
-

<60 3682 560 15.2 1 1 Ref

60-69 7595 1116 14.7 0.96 0.86 - 1.07 1.04 0.92-1.19

70-79 10248 1045 10.2 0.63 0.57 - 0.71 0.79 0.69-0.90

80+ 7208 166 2.3 0.13 0.11 - 0.16 0.22 0.18-0.26

-

<60 2594 441 17.0 1

>60 10114 1133 11.2 0.616 0.55 - 0.69

-
<60 1076 990 92.0 1

60-69 1463 1156 79.0 0.33 0.25 - 0.42

70-79 1267 773 61.0 0.14 0.11 - 0.17

80+ 270 773 9.0 0.01 0.01 - 0.01
-

50-64 832 732 88.0 1

65-79 1377 923 67.0 0.28 0.22 - 0.35

80+ 176 26 15.0 0.02 0.02 - 0.04
-

≤65 236 205 86.9 1

>65 315 250 79.4 0.58 0.37 - 0.93
-

<75 347 247 71.2 1

≥75 211 63 29.9 0.17 0.12 - 0.25
-

<70 732 385 52.6 1

70-79 399 174 43.7 0.70 0.55 - 0.89

≥80 52 6 10.9 0.11 0.05 - 0.27

Berry 2013 Comorbidity, T-stage, Race, SES √

Confounding factor

Ref

Forrest 2014

Comorbidity, Performance 

status, Stage, Sex, Year, GP 

referral, histological subtype

NR

Study ID
Unadjusted Survival 

analysis

Participants

95% Cl

Ref

AdjustedSurgery

Janssen-Heijnen 2004 Comorbidity

Janssen-Heijnen 2007 Comorbidity, Stage

Hall 2004

Comorbidity, Sex, Indgenous 

status, Location of hospital, 

socio-economic, Insurance 

status

Ref

Ref

Ref

Satoh 2009    (1978-1997) Comorbidity, Stage

Jazieh 2002 Functional status, Stage

Palma 2010 Performance status, Stage

Ref

Ref

Ref

NR

NR

√

NR

√

NR
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Age group N N % OR  OR 95% Cl

<70 791 386 48.8 1

70-79 644 294 45.6 0.879 0.62 - 1.25

≥80 157 32 20.7 0.274 0.17 - 0.45
-

66-69 1923 423 22.0 1

70-74 3043 943 31.0 1.593 1.40 - 1.82

75-79 3115 903 29.0 1.448 1.27 - 1.65

≥80 2826 509 18.0 0.778 0.67 - 0.9
-

66-69 1789 376 21.0 1

70-74 2668 806 30.2 1.628 1.41 - 1.87

75-79 2598 746 28.7 1.514 1.31 - 1.75

≥80 2038 410 20.1 0.946 0.81 - 1.11
-

65-69 996 340 34.1 1

70-74 860 264 30.7 0.856 0.70 - 1.04

75-79 585 149 25.5 0.661 0.53 - 0.83

80-84 285 43 15.1 0.344 0.24 - 0.49

85+ 86 5 5.8 0.119 0.05 - 0.3

Ref

Ref

Participants Unadjusted Adjusted

95% Cl

Table 5.3b: (Continued)

Study ID Confounding factor
Survival 

analysis

Satoh 2009  (1998-2007) Comorbidity, Stage

Ref

Surgery

NOTE: N, patient number; OR, odds ratio; CI, confidence interval; Ref, reference; NR, not reported. ORs were extracted from studies, but when 

unreported, unadjusted ORs were estimated as the weighted-sum of age-specific ORs. 

√

NR

NR

Smith 1995 Comorbidity, Stage, Race NR

Comorbidity, Sex, Race, 

Education, Median income, 

Tumour characteristics, 

Histology

Shirvani 2014
Comorbidity, Performance 

status, Race 

Shirvani 2012

Ref
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Table 5.3c: Surgery rates, unadjusted and adjusted odds ratios from studies evaluating surgical treatment of colon, rectum and colorectal cancer patients, by age 
groups. 

 

 

Age group N N % OR OR 95% Cl

50-64 1243 1231 99.0 1

65-79 2766 2738 99.0 1.00 0.51 - 1.96

80+ 891 873 98.0 0.49 0.24 - 1.03-
<70 103 93 90.5 1

≥70 183 137 74.7 0.31 0.15 - 0.65-

50-64 943 934 99.0 1

65-79 1382 1327 96.0 0.24 0.12 - 0.49

80+ 349 321 92.0 0.12 0.05 - 0.25-
60-69 182 78 43.0 1

70+ 244 115 47.0 1.176 0.8 - 1.73

<75 532 436 82.0 1

≥75 154 105 68.0 0.47 0.31 - 0.7-
<75 1669 1292 77.4 1

75-84 917 652 71.1 0.72 0.6 - 0.86

≥85 335 200 59.6 0.43 0.34 - 0.55-

<75 320 275 85.9 1 1 Ref

≥75 183 139 75.9 0.52 0.33 - 0.82 0.413 0.19 - 0.83-

Rectum Cancer

Survival 

analysis

Colorectal Cancer

Comorbidity, Stage

Comorbidity, Stage

Comorbidity, Stage

Comorbidity, Stage, SES

Unadjusted
Study ID

Participants

95% Cl

Ref

Ref

Ref

Ref

Comorbidity

Colon Cancer

NOTE: OR; odds ratio, CI, confidence interval; Ref, reference; NR, not reported. ORs were extrated from studies, but when unreported, unadjusted 

ORs were estimated as the weighted-sum of age-specific ORs.

Serra-Rexach 2012

Shahir 2006 √

Comorbidity

Comorbidity, Sex, 

Tumour localisation and 

extension

Janssen-Heijnen 2007 √

Jonker 2012
NR

Janssen-Heijnen 2007

Ref

Adjusted

√Latkauskas 2005
Ref

Ref

Quipourt 2011

Confounding factor

√

√

NR

Surgery
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Table 5.4a: Unadjusted and adjusted hazard ratios from studies evaluating overall or net survival of women with breast cancer, by age groups. 

                    

Study ID Age group Survival estimate 
Unadjusted   Adjusted  p-

value 
Confounding 
factor HR  95% CI   HR 95% CI 

                    

Bergman, 1991270 

55-64 

NS 

      1.5   

<0.05 Stage, Treatment 65-74       Ref   

75+       2.97   
                    

Janssen-Heijnen, 
2007257 

50-64 

OS 

      1 Ref   

Comorbidity, Stage 65-79       1.69 1.54  -  1.89   

80+       4.01 3.58  -  4.48   
                    

Kuzan, 2013260 
60-70 

5yr OS 
1 Ref         

NR 
>80 2.52 1.47  -  4.34         

                    

NOTE: HR, hazard ratio; CI, confidence interval; OS, overall survival; NS, net survival; Ref, reference; NR, not reported. HRs were extracted 
from studies, but when unreported, unadjusted HRs were estimated as the weighted-sum of age-specific HRs. 
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Table 5.4b: Unadjusted and adjusted hazard ratios from studies evaluating overall or net survival of lung cancer patients, by age groups 

                    

Study ID Age group  Survival estimate 
Unadjusted   Adjusted 

p-value Confounding factor 
HR 95%Cl   HR 95%Cl 

                    

Berry, 2013108 

66-69 

3yr OS 

      1   Ref 

Comorbidity, Stage 

70-74       1.17   0.01 

75-79       1.3   <0.0001 

80-84       1.39   <0.0001 

85+       1.4   0.0002 
                    

Janssen-Heijnen, 2004264 

<60 

3yr OS 

1 Ref   0.84   0.1 Comorbidity, Stage, 
Sex, Histology, 
Tumour size, 
Treatment 

60-69 1.63 1.39  - 1.91   1   Ref 

70-79 3.32 2.80  -  3.94   1.28   0.007 

80+ 18.00 11.4  -  28.4   1.31   0.07 
                    

Janssen-Heijnen, 2007263 

50-64 

OS 

      1 Ref   
Comorbidity, Sex, 
Histology 

65-79       1.47 1.31  -  1.64   

80+       2.38 1.61  -  3.52   
                    

Jazieh, 2002266 
≤65 

OS 
1 Ref 

  
      

NR 
>65 2.44 1.71  -  3.50       

                    

Shirvani, 2014261 

66-69 

OS 

      1 Ref   

Chronic obstructive 
pulmonary disease 

70-74       1.28 1.16  -  1.41 <.001 

75-79       1.51 1.37  -  1.66 <.000 

≥80       1.93 1.74  -  2.13 <.001 
                    

NOTE: HR, hazard ratio; CI, confidence interval; OS, overall survival; Ref, reference; NR, not reported. HRs were extracted from studies, but when 
unreported, unadjusted HRs were estimated as the weighted-sum of age-specific HRs. 
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Table 5.4c: Unadjusted and adjusted hazard ratios from studies evaluating overall or net survival of patients with colon, rectum and colorectal cancers, by age 
groups. 
          

Study ID Age group 
Survival estimate Unadjusted   Adjusted 

p-value Confounding factor 
HR 95%Cl   HR 95%Cl 

                    

Colon Cancer 
                    

Janssen-Heijnen, 
2007263 

50-64 

OS 

      1     

Comorbidity, Stage 65-79       1.66 1.50  -  1.84   
80+       3.39 3.02  -  3.81   

                    

Rectum Cancer 
                    

Janssen-Heijnen, 
2007263 

50-64 

OS 

      1     

Comorbidity, Stage 65-79       1.67 1.47  -  1.90   
80+       3.06 2.59  -  3.60   

                    

Shahir, 2006259 

60-69 

5yr OS 

1 Ref   1     
Comorbidity, Stage, Sex, 
Socio-economic status, 
Treatment  70+ 2.97 1.98  -  4.45 

  2.2   <0.0001 

                    

Colorectal Cancer 
                    

Latkauskas, 2005258 
<75 

5yr OS 
1 Ref 

  
      

NR 
≥75 1.91 1.33  - 2.76       

                    

Serra-Rexach, 201250 

<75 

NS 

      1  
  Comorbidity, Sex, 

Therapeutic options, 
Tumour localization and 
extension ≥75       1.52 1.03 – 2.22 

  

                    

NOTE: HR, hazard ratio; CI, confidence interval, OS, overall survival; NS, net survival; Ref, reference; NR, not reported. HRs were extracted from 
studies, but when unreported, unadjusted HRs were estimated as the weighted-sum of age-specific HRs. 
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Chapter Six 

G-computation formula: a causal mediation approach for 

measuring under-treatment 

 

6.1 Abstract 

The systematic review presented in chapter 5 investigated how surgical under-treatment 

(UT) in the elderly has been defined and quantified in the literature for the lung, breast and 

colorectal cancer patients considering also comorbidity and other health factors. Chapter 5 

showed that no explicit definition of UT was provided in the literature search and that 

potential for UT was mostly reported comparing surgery rates and survival in the younger 

and older adjusting for the presence of comorbidity and disease stage at diagnosis.  

During the course of the system review, it became apparent that UT could be framed and 

defined as a mediation task. This definition is: UT is the proportion of the deficit in survival 

between younger and older patients that is explained by lower clinically-specific treatment 

rates in the older (see Chapter 1, Section 1.5.2 where clinically-specific has been defined). 

This can be handled by a mediation framework where we quantify the proportion of the total 

effect of an exposure (e.g. young versus old) on the outcome (observed survival) that is 

mediated through younger patients receiving a higher rate of treatment for a given set of 

clinical factors than older patients would receive. 

In the past, quantifying mediation was carried out using regression models. The impact of 

including the mediator variable in the model on reducing the size of the coefficient of 

exposure on outcome was interpreted as the amount of the exposure’s effect on outcome 

carried by the mediator. Four of the studies in the systematic review did use regression 

models for survival outcome including, as independent variables, treatment as well as 
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relevant covariates affecting outcome. However, they did not attempt a measure of the 

mediation via treatment of age on survival, by the regression method just described, which 

is referred to, in this thesis, as the conventional regression method. 

This chapter will highlight the limitations of the conventional regression method, and outline 

a causal mediation approach, g-computation formula, for measuring UT at the individual level 

of a patient’s clinical profile.  

Daniel et al.62 have written a comprehensive guide and Stata program gformula command to 

estimate causal mediation in situations where the exposure influences the confounders of 

the mediator-to-outcome relationship. Therefore, the g-computation is presented as an 

appropriate method to quantify UT since it allows the decomposition of the total causal 

effect (TCE) of age on survival into natural indirect effect (NIE) mediated by treatment 

receipt, and the natural direct effect (NDE) not acting through treatment receipt. In this 

context, where there are confounders of the mediator-outcome relationship caused by the 

exposure. 

 

6.2 Quantifying under-treatment 

The section briefly reviews the findings of the systematic review, which sought ways in which 

UT has been defined and estimated in population-based cancer research literature. Then it 

schematically defines the causal relationship of the variables involved in a mediation 

framework to estimate UT. Then it demonstrates that the conventional regression method 

to estimate mediation has a major limitation, which is overcome using a causal inference 

mediation method that is finally introduced.  

6.2.1 Consideration for individual patient’s clinical profile 

In an attempt to quantify UT, a hypothesis was formed that lower treatment rates may 

impact survival, based on studies14,242,243, particularly in the elderly cohort. However, older 
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patients may receive lower treatment rates47,58 for genuine reasons such as presenting with 

a higher prevalence of comorbidity59, poorer performance status (PS)53 and advanced cancer 

stage at diagnosis14,60. Therefore, disease stage, comorbidity and PS may be regarded as 

relevant clinical factors for considering in estimating relative UT (see Chapter 1, Section 1.5) 

6.2.2 Attempt from previous studies to measure UT 

While a number of the studies in the review did present separate [adjusted] treatment rates 

and survival and compared these results, it is intuitive that the comparing of these marginal 

quantities (the adjusted treatment rate and survival) cannot measure UT. It is analogous to 

the situation whereby relative survival is a biased estimator of net survival, as the ratio of 

mean observed survival to mean expected survival (relative survival) is not equivalent to the 

mean of the individual ratios of observed survival to expected survival (net survival). It is 

therefore a form of ecological bias where information that should be carried out at the 

individual level is erroneously done at the area- or group-level. The comparison of these 

marginal quantities as best highlights the potential for UT because if there was no positive 

association between these quantities it would suggest that treatment is ineffective, in which 

case there is no possibility of UT.  

Finally, there were four studies where survival was modelled using treatment, age and clinical 

factors as independent variables in one single analysis, apparently avoiding the ecological 

bias mentioned above. This approach only probably tested the association of treatment and 

age to survival adjusting for clinical factors; had the latter factors covered all the possible 

sources of confounding of the treatment and age effect on survival, then the coefficients of 

treatment and age would have quantified causal effects. This analysis would not be 

quantifying age-related UT. If treatment was dropped from the model and the coefficient of 

age on survival increased significantly, then a simplistic interpretation would be that the 

effect of age on survival was partly mediated by treatment (lower treatment rates in the 
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elderly bias downwards the effect of age on survival); this is sometimes called conventional 

regression method of mediation and involves a two-stage fitting of the model, with and 

without the suspected mediator, and using the change in the coefficient of age on survival as 

an estimate of mediation and UT. The investigators in the 4 studies cited above did not carry 

out this two-stage analysis, and were therefore not attempting to measure UT.   

In any case, the conventional regression method of mediation produces flawed UT estimates 

(see section 6.2.5), but to explain this we must consider a causal pathway paradigm that 

explains UT, but firstly introduce causal diagrams. 

6.2.3 Causal diagrams and Direct Acyclic Graphs (DAGs) 

Understanding the relationships of various factors that affect the unbiased estimation of an 

exposure effect on an outcome in an observational data setting may be clarified by 

summarising knowledge and assumptions graphically, to both investigators and readers, in 

order to identify causal relationships. It may also indicate essential variables to measure and 

inform the statistical modelling process, especially in identifying confounders and competing 

exposures. Direct acyclic graphs (DAGs) are the most straightforward type of causal path 

diagram.  

DAGs are visual representations of the causal assumptions used in the identification of causal 

effects283. They correspond to a network of variables with a probability distribution but do 

not indicate whether an effect is harmful or protective, whether effect modification is 

occurring or not, or whether a cause is adequate or essential284,285. Arrows in DAGs represent 

a priori assumptions about cause and effect in a specific setting, based on specialist 

knowledge and understanding of actual, probable or speculative interactions between 

variables.  
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6.2.3.1 DAGs for measuring UT 

In introducing a DAG for UT, a build up of the elements of graph explaining the types of 

factors or variables that are causally affecting or being affected are presented below:  

 Figure 6.1a shows how X (i.e. age), the exposure of interest causes Y (i.e. survival) the 

outcome 

 Figure 6.1b presents a C variable (i.e. gender and socio-economic status) that is 

causally related to both X and Y and is known as a confounder; if not adjusted for this 

will cause a bias in the estimation of X’s effect on Y. 

 Figure 6.1c introduces M (i.e. treatment) a mediator – defined as a variable that 

influences the outcome, but is itself influenced by the exposure – and shows the part 

of the overall effect of X on Y that is mediated by M. In terms of this thesis, the 

mediator will assess how much of the effect of age (exposure) on survival (outcome) 

occurs through treatment rates being affected by age (exposure). 

 Figure 6.1d presents L (i.e. stage, comorbidity and frailty) intermediate confounders 

that are particular type of confounders of the mediator and outcome relationship, 

which need to be accounted for, but are also affected by the exposure. For example, 

the effect of treatment (M) on survival (Y) is confounded by PS (L) which affects both 

receipt of treatment and survival, and if not adjusted for would over-estimate the 

effect of treatment on survival (only healthier patients will get treatment, and they 

are more likely to survive better). However, age (the exposure) effects PS. Therefore, 

we can distinguish intermediate confounders from regular confounders like gender, 

which could be related to receipt of treatment (particularly in the developing world) 

and survival, but cannot be influence by age. L intermediate confounders are also 

mediators, i.e. carrying the effect of age on survival that is mediated through 

deteriorating health that can come with age.  
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From the completed DAG in 6.1d, it can be seen that there is a much more complex causal 

framework involved when we consider mediation. The effect of age on survival ‘travels’ 

through several pathways which can be considered as causal ‘effects’, and whose unbiased 

estimation or identification, statistically-speaking, requires adjustment for the various 

sources  of  confounding.  

Statistically, the research question seeks to estimate the proportion of the effect of age on 

survival that is mediated through older patients not having as high clinically-specific 

treatment rates. The ‘proportion’ of the effect implies the total effect, which is termed the 

total causal effect (TCE) denoting the effect of age on survival through the following possible 

pathways, i.e., directly X→Y, indirectly through clinical factors (X→L→Y), and treatment 

(X→M→Y), and also clinical factors that in turn affect treatment (X→L→M→Y). These 4 

pathways of TCE can be decomposed into natural direct effect (NDE, X→Y & X→L→Y) and 

natural indirect effect (NIE, X→M→Y & X→L→M→Y) as explained below.         

 

Figure 6.1a-d: Illustration of a) direct relationship between exposure (X, age) and outcome (Y, 
survival), b) base confounders (C, gender and socio-economic status) influencing both X and Y, c) 
relationship between X, mediator (M, treatment receipt) and Y, d) intermediate confounders 
influencing both M and Y. NOTE: the blue arrow shows X direct influences M. 
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In considering UT, the NDE represents the pathways by which age affects survival in the 

absence of UT. Older people have lower survival due to the direct effect of higher levels of 

stage, frailty and comorbidity (X→L→Y), and the effects these poorer clinical factors have on 

reducing the level of treatment they receive and in turn affects their survival (X→L→M→Y), 

and any conceivable direct effect of age on survival (X→Y). However, the NIE comes into 

effect if age is directly having an effect on receipt of treatment, independent of clinical factors 

(L), and thereby reducing survival (X→M→Y), which is identified as UT meaning that a 

statistical model that can adjust for all the confounding factors of the (X→M→Y) pathway 

will estimate a theoretically satisfactory estimate of UT. The causal diagrams below (Figure 

6.2a-c) provide a simple representation of this breakdown and the mediation technique used 

to quantify them are described in section 6.4. Having made the case, through DAGs, that UT 

could be estimated using mediation analysis, it is timely to consider mediation analysis in 

itself. 

Figure 6.2a-c: Simple illustration of a) total, b) direct and c) indirect effect of age (X) on survival (Y) 
in the presence of a mediator (M; treatment) and intermediate confounders (L). The arrows 
represent the pathways included in the effect estimation. 

6.2.4 Mediation analysis  

Mediation analyses explain the process by which one variable influences another in the 

presence of a mediator variable62. Mediation analysis, to differentiate between confounder 

adjustment, has its heritage in the literature of Structural Equation Models (SEMs, a form of 
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causal modelling commonly used to assess unobserved ‘latent’ variables) by which the 

method of path analysis (an extension of multiple regression)286,287 was introduced in the 

social sciences field288. Early mentions of mediation defined mediators as intervening 

variables that explained cause and effect between two or more other variables289. From these 

perspectives, a mediator variable (M) transmits a part of the effect of the independent 

variable (X) onto the dependent variable (Y) and may be represented as X→M→Y (see Figures 

6.1-6.3).  

Most of the earlier work on mediation analysis was conducted in the context of linear models, 

where effect sizes are delineated as sums of the products of structural coefficients290 and did 

not provide a general, causally defendable measure of mediation291,292. Causal mediation 

analysis now has a solider theoretical basis, and its scope extending from linear to nonlinear 

models as a consequence of counterfactual thinking in statistics293 and epidemiology294.  

6.2.4.1 Under-treatment is a mediation task 

As the aim of this thesis is to quantify UT in older adult cancer patients, it is important to 

consider the study design and research questions to help decide on the appropriate statistical 

method to answer the questions. The full detail of the study design and research questions 

are given in the relevant chapters. In brief, the two subsequent chapters employ a 

population-based retrospective and observational design to answer the following question: 

What proportion of the deficit in survival between younger and older patients is explained 

by lower clinically-specific treatment rates in the older? 

Standard regression methods are quite limited in answering this question for reasons that 

have been highlighted elsewhere295,296 and summarised below, leading to employing the g-

computation method that can handle intermediate confounders (see section 6.4).  
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6.2.5 Limitation of the conventional regression methods  

As clarified by Daniel and colleagues62, based on the causal pathway of the relationship 

between relevant variables involved in quantifying UT (see Figure 6.3), a conventional 

regression method has been used to:  

(a) Fit a regression model for survival (Y) conditional on age (X) and demographic factors (C; 

i.e., gender and socio-economic status - confounding the effect of X on Y).  

(b) Fit a second model, adding surgery (M) into the same model. 

Subtracting the changes in the coefficient of X between models (a) and (b) may be 

categorised as UT, i.e. the extent to which the effect of X on Y is mediated by M (i.e., NIE). 

The coefficient of X in model (a) represents the TCE of X on Y, and the coefficient of X in 

model (b) is taken to represent the NDE of X on Y not mediated by M i.e. the reduction in 

survival in the older patients due to their potentially worse clinical profile.  

This approach is inadequate because the NDE is underestimated if there are intermediate 

confounders (i.e., clinical factors, L) of the M−Y relationship, because conditioning on the L, 

which is necessary to estimate the true effect of M on Y, will block the path X→L→Y. In 

summary, in conventional regression for mediation these dual tasks—conditioning on L and 

leaving pathway unblocked—cannot be achieved. 

The conventional regression analysis was conducted on the non-small cell lung cancer 

(NSCLC) data (introduced in Chapter 7) using the same imputation model (i.e., chained 

equation) for the missing stage, PS and lung function data in the mediation analysis carried 

out in Chapter 7. The conventional regression method mediation results (see Appendix 6.1 

and 6.2) differed considerably from the causal inference mediation method presented in 

Table 7.4 of chapter 7. In summary, the estimated TCE of age on survival by conventional 

regression was -15.2%, which is similar but slightly higher than the -14.1% obtained in the 
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mediation analysis (see Chapter 7, Table 7.4). However, the coefficient of age in the second 

regression analysis representing the NDE, the effect of age on survival not mediated through 

treatment, was -4.1%, which is considerably less than the -9.6% obtained in the mediation 

analysis (see Appendix 6.1 & 6.2). Correspondingly, the NIE in the conventional regression 

method was -11.1%, which is much more than the -4.5% estimated from the causal inference 

mediation analysis. Therefore, the conventional analysis leads to a conclusion that more of 

the effect of age on survival is mediated through treatment more than is the case with the 

causal inference analysis. 

To overcome this problem, causal inference mediation analysis will be used to handle the 

intermediate confounders (L) by identifying NDE and NIE using contrasts of counterfactual 

pseudo-populations within the  g-computation method (section 6.4). The following section 

provides a brief review of the principles of causal inference. 

 

6.3 Causal inference   

The quantitative discipline of public health, epidemiology and biostatistics, can be considered 

as a lengthy dialogue on disease causation, the end goal of which is to discover and mitigate 

removable causes297. During the ruins of the cholera epidemic of the nineteenth century, 

John Snow assembled evidence in support of a waterborne transmission. The basis and 

framework for causal thinking were expressed by Sir Austin Bradford Hill, who added to this 

dialogue with his nine causal criteria (i.e., strength, consistency, specificity, temporality, 

biological gradient, plausibility, coherence, experiment, and analogy)298 against the context 

of international debate about the causal role of smoking in the epidemiology of lung 

cancer299. This classic framework was established to identify the causes of diseases and 

uniquely define the role of smoking in lung cancer300. The guidelines used remain similar still, 

despite causal questions becoming more complex297.   
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6.3.1 Definition of a causal effect  

Causal effect refers to an event that has occurred or is occurring, attributed to something 

that has happened or is happening. Put simply, Y happened because of X. Epidemiologists 

predominantly use the counterfactual theory of causation, otherwise referred to as the 

potential outcomes framework, as a common approach to evaluating causal claims301.  In 

essence, this framework states that an event X may be considered a cause of an event Y if, 

contrary to fact (counterfactually), had Y not occurred when X had not occurred. As an 

example, John, an elderly lung cancer patient, did not receive surgical treatment for his 

cancer tumour and died 5 days later (i.e., observed outcome). If we somehow knew that John 

would have lived beyond 5 days, had he received surgery, this would imply that the receipt 

of ‘no surgery’ had a causal effect on John’s 5-day survival. In reality, there is no way of 

proving causal effect in an individual, as it would require us to go back to the same moment 

in space and time to observe what would have happened had he received surgery (i.e., 

potential outcome). This phenomenon is known as the fundamental problem of causal 

inference, that is, once an event is observed, we can never know what would have otherwise 

happened (the counterfactual).  

To qualify notation used in defining potential outcomes in the causal inference framework, 

capital letters represent random variables, and lower case letters denote observed values. In 

an exemplary study of cancer patients’ survival outcome; X can be considered the exposure 

of interest (age) that can take the value x = 0 (young) and x = 1 (old). 𝑌 can be defined as a 

dichotomous outcome of interest (survival), where 0 = survival and 1 = death. In such 

instance, there are two potential outcomes for a subject, also known as counterfactuals, 𝑌x=o 

and 𝑌x=1 that could be the observed outcome relative to the exposure302.  

Let Yx=o be the survival outcome that would have been observed when age = 0 (i.e., young) 

Let Yx=1 be the survival outcome that would have been observed when age = 1 (i.e., old) 
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Applying the idea of counterfactual, the individual causal effect of age X on the outcome Y 

can be defined as: 

𝑌x=o – 𝑌x=1 

Individual causal effects are impossible to identify since only one of the outcomes is 

experienced and observed by each subject. Furthermore, this can also be understood at a 

population level, the average causal effect, contrasts the expected potential outcomes in a 

population, and can be defined as: 

E[𝑌x=o] – E[𝑌x=1] 

This implies the difference in survival had the whole population been older versus had the 

whole population been younger. The average causal effect is always equal to the average of 

the individual causal effects, as a difference of averages is equal to the average of the 

differences302. The average causal effect may also be represented as a risk ratio and an odds 

ratio302.  

In reality, how can we estimate the average causal effect if we cannot observe counterfactual 

outcomes? In an ideal randomised controlled trial (RCT), the observed effect of treatment on 

outcome is assumed to be causal, since randomisation to treatment groups guarantees that 

the treatment and control groups are balanced in terms of all other factors, even the 

unmeasured, that affect outcome, and are termed unconditionally exchangeable. Therefore, 

it is generally assumed that the observed outcome in the treatment group provides a good 

estimate of what would have happened to the control group (i.e., their potential outcome or 

counterfactual outcome) had they received the treatment, and vice versa. Under this 

assumption, the causal effect of treatment equals the difference between the observed 

outcome in the control group and the treatment group.  
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Unfortunately, many questions cannot be answered by RCTs due to problems with feasibility 

and ethics302. For instance, in an effort to quantify surgical UT in the older adult cancer 

patients - competing factors such as comorbidity and frailty aside - it would not be feasible 

to randomise cancer patients with early-stage disease into either treatment or no treatment 

group, if the treatment was expected to work. Similarly, it would not be ethical to refuse 

patients with operable stage disease surgery given they had no serious comorbidity. 

Therefore, non-randomised observational data are often the only option for answering 

causal questions about interventions. However, we need a set of criteria to evaluate the 

conditions whereby an observational dataset can be equated to a randomised trial in the 

sense that unbiased effect estimates of interest can be identified. 

Neyman’s theory303 for randomised experiments was introduced to observational studies by 

Rubin293, who presented the notion that causal inference could be viewed from observational 

studies as a missing data problem, i.e., similar to conducting a small randomised study with 

many missing data. Causal inference from observational data relies on conceptualising the 

observational study as a conditionally randomised experiment, under identifiability 

conditions, i.e., exchangeability, positivity and well-defined intervention302, discussed below. 

6.3.2.1 Exchangeability  

In a scenario of estimating the causal survival effect of suboptimal surgical treatment in the 

elderly breast cancer population, we would likely find, among the old, that the treated and 

the untreated are different or unexchangeable. Because the treated patients would need to 

be able to endure curative treatment, they may be selected to have better performance 

status (PS), more operable tumour stage, and less severe comorbidities than untreated 

patients, and these factors could be related to survival outcome. Thus, merely comparing the 

survival outcomes of the surgically treated and untreated would not be sufficient to identify 

average causal effect of surgery as the outcome difference may be as a consequence of 
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differing prognostic clinical profile (i.e., PS, comorbidities, stage) between the groups. 

However, if we consider clinical factors of relevance to prognosis, i.e., clinically-specific 

groups of patients, i.e. all patients have the same clinical profile (e.g., Stage 2 disease, ECOG 

2, and heart disease) then, within this group of patients, the treated and the untreated are 

exchangeable. If the actual patients treated remained untreated, they would have 

experienced the same average outcome as the actual patients untreated, and vice versa. If 

the whole population of patients can be broken down into relevant clinically-specific groups, 

these groups would be ‘conditionally’ exchangeable, i.e. exchangeable within their groups. 

The mean of the effect of treatment in each group, weighted by the size of its group, would 

yield an average causal effect of treatment in the population. 

6.3.2.2 Positivity  

The positivity condition, also known as the experimental treatment assumption demands 

there exists a positive probability of subjects being assigned to either treatment or no-

treatment group for each clinically-specific group of patients. For instance in practical terms, 

within the same clinically-specific group of patients, for this condition to hold, some patients 

would have to be treated surgically, while the others would have to remain untreated. It 

would not be possible to estimate (or identify) the average causal effect if just one clinically-

specific group could not return a contrast for lack of a sufficient number of patients receiving 

treatment or not.  

6.3.2.3 Well-defined interventions or consistency 

In the scenario presented above, there are two main types of surgery to remove breast 

cancer (e.g. breast-conserving surgery and mastectomy) depending on the size and location 

of the tumour. In this setting, surgical procedure is not a unique treatment but several 

different types of treatment.  
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In observational studies in which the investigators have zero control over the versions of 

treatment applied to the study participants, the versions of interest should be specified and 

this information collected accordingly. Later, the multiple versions of treatment can be 

resolved by restriction to treatment of interest, i.e. only individuals receiving the version(s) 

of interest are considered as treated individuals in the analysis. Similarly, when investigating 

the survival benefit of surgically treating elderly cancer patients, patients undergoing 

‘curative surgery’ , i.e. to remove all malignant (cancerous) tissue in order to cure the 

patient,– may be regarded as treated, while those not in receipt of ‘curative surgery’ defined 

as not treated.  

In summary, to consider an observational dataset as a conditionally randomised experiment, 

firstly, a minimum set of clinical factors are required such that all sub-groups of the patients 

identified by them are exchangeable (same treatment effect would be observed if all patients 

received their counterfactual treatment) i.e. conditional exchangeability holds. Secondly, 

positivity requires that in the sub-groups of patients considered exchangeable there are both 

patients who did and did not receive treatment (i.e., an observed positive probability of 

receiving and not receiving the treatment). Thirdly, it is possible to identify the patients who 

received a definite treatment (e.g. surgery, chemotherapy and radiotherapy within 

‘treatment period’) with the information variables available i.e. a well-defined intervention 

assumption.
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6.4 Mediation approach 

6.4.1 G-computation a causal inference approach to mimic an RCT 

In a simple experiment looking at the effect of one treatment on an outcome in a [clinically-

heterogeneous] cohort of patients, g-computation proceeds to mimic a randomised trial by 

1) fitting a model relating the treatment to the outcome conditional on other potentially 

confounding independent variables, 2) generating two pseudo-populations of the original 

cohort and setting the treatment variable to one level in one pseudo-population, and 3) 

comparing the mean predicted outcome between the pseudo-populations. As the pseudo-

populations are the same patients, they are conditionally exchangeable but it is necessary 

that the model for predicting the outcome is true, i.e. the model will predict unbiasedly the 

outcome in all patients, including counterfactual patients, in the pseudo-population. To be 

true, the model relating treatment to outcome must contain all the significant clinical 

confounder main terms with interactions, and non-linear terms. When the model is 

[materially] true, with conditionally exchangeable pseudo-populations, the mean difference 

in predicted outcome represents the causal effect of treatment, or identifies this effect.  In 

an epidemiological setting, that is studying an exposure effect on outcome, this 

g-computation method is a form of standardisation by the factors represented in the model. 

Figure 6.3: The final Directed Acyclic Graph (DAG) of causal pathways involved in under-treatment for the 
following variables: confounders (C); intermediate confounders (L), exposure (X), mediator (M), outcome (Y). 
NOTE: the blue arrow shows X (i.e. age) directly influences M (i.e. treatment). 
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6.4.2 G-computation formula for mediation analysis 

The g-computation method, which was introduced by Robins295 in 1986,  unlike conventional 

regression method, is based on the counterfactual framework. The method is able to adjust 

for the confounding effect of the intermediate confounder, L (see Figure 6.3), on the 

relationship of M→Y, without blocking a component of the direct path (i.e., TCE) from the 

exposure X to the outcome Y (i.e. X→L→Y). It achieves this because the adjusting (or 

standardisation) for confounding is not done by analysis (i.e. via a statistical model), but 

through the contrast of the mean outcome in pseudo-populations (based on the original 

cohort). The exposure is set to a particular level in a pseudo-population and values of clinical 

and treatment factors in counterfactual patients are simulated (before outcome is predicted) 

from true models. The true model used to predict individual patient outcome in the pseudo-

populations would assign an unbiased contribution to outcome from treatment (M→Y), as 

well allowing contributions to outcome from L that originated in exposure (X→L→Y). 

Confounding from factors not caused by exposure is controlled by exact same individual 

contributions to outcome in each pseudo-population, which is cancelled out by contrast. It is 

worth repeating that the approach relies heavily on achieving true models, fitted in the 

original cohort, used to simulate L variables and predict outcomes in an unbiased manner in 

the pseudo-population.   

6.4.3 G-computation procedure for mediation analysis of UT 

The analytical objective of this research is to ‘estimate the proportion of the effect of age on 

survival that is mediated through treatment using the g-computation formula’. For this to 

occur, three distinctive pseudo-populations are generated from the original dataset, after 

modelling the relationships between the variables in the original observed data (see section 

6.4.2). The following defines a set of pseudo-populations whose contrast will identify the TCE, 

NDE and the NIE: 
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The TCE is estimated as the mean potential survival difference (or deficit) between younger 

E{Y(0), M(0)}  and older patients E{Y(1), M(1)}, receiving their respective clinically-specific 

treatment rates. Here potential outcomes are expressed by Y(1) or Y(0) meaning the outcome 

observed when patient had or had not exposure X, respectively; similarly for M(1) and 

M(0).TCE is expressed as - E{Y(0), M(0)} – E{Y(1), M(1)} – for which two pseudo-populations 

are used: in the first, all patients are younger and receiving clinically-specific treatment 

modality rates of the younger M(0), and in the second, all patients are older and receiving 

the clinically-specific treatment modality rates of the older M(1).  

 

The NDE is estimated as the mean potential survival difference between younger with 

younger clinically-specific treatment rates and older with the clinically-specific treatment 

rates of the younger patients. The NDE thus captures the effect of the exposure (age) on the 

outcome (survival) through pathways that do not involve the mediator (treatment). 

Therefore, any difference observed here is expected due to older patients having worse 

clinical factors naturally. The NDE is expressed as E{Y(0), M(0)} – E{Y(1), M(0)} – and utilises 

two pseudo-populations: in the first, all patients are younger Y(0) and receiving clinically-

specific treatment modality rates of the younger M(0), and in the second, all patients are 

older Y(1) but receiving the clinically-specific treatment modality rates of the younger M(0).  

 

The NIE is estimated as the mean potential survival difference between older with the 

clinically-specific treatment rates of the younger and older patients receiving their clinically-
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specific treatment rates. The NIE thus captures the effect of age on survival that is mediated 

through treatment and independent of clinical factors. Hence, both pseudo-populations are 

older, the same people, but treated differently, NIE is identified as UT, if a significant survival 

difference is obtained. The NIE is expressed as E{Y(1), M(0)} – E{Y(1), M(1)} - and employs two 

pseudo-populations: in the first, all patients are older Y(1), but receiving the clinically-specific 

treatment modality rates of the younger M(0), and in the second, all patients are older Y(1) 

and receiving the clinically-specific treatment modality rates of the older patients M(1). 

 

6.4.4 Modelling variable relationships and generating the pseudo-populations 

As mentioned earlier, the correct modelling on the relationships in the original dataset is 

important in order that the counterfactual simulations and predictions are accurate for each 

patient. The following relationships between the variables in the observational data are 

necessary to estimate UT through mediation: 

1. The relationship between clinical variables (e.g., stage, frailty, comorbidity) with age, 

gender and socio-economic status 

2. The relationship between treatment modality receipt with clinical variables, age, 

gender and socio-economic status 

3. The relationship between survival with treatment modality receipt, clinical variables, 

age, gender and socio-economic status 
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Then the next step is to generate three pseudo-populations as outlined below: 

Pseudo-population 1: older patients receiving their older clinically-specific treatment rates 

1. Set all patients to old (≥75 years of age).  

2. Simulate clinical profile from multinomial logistic regression (dependent variable 

stage, frailty) or logistic regression (dependent variable comorbidity) models 

(estimated in the original cohort) with independent variables gender, socio-

economic status, and age (set at 75 years and over). 

3. Simulate treatment using multinomial logistic regression model (estimated in the 

original cohort) with independent variables (potentially simulated) stage, frailty, 

comorbidity, plus sex, socio-economic status, and setting age at 75 years and over. 

4. Predict survival using logistic regression model (estimated in the original cohort) with 

independent variables (potentially simulated) treatment, stage, frailty, comorbidity, 

plus sex, socio-economic status, and setting age at 75 years and over. 

Pseudo-population 2: younger patients receiving their younger clinically-specific treatment 

rates 

1. Set all patients to young (<75 years of age).  

2. Simulate clinical profile from multinomial logistic regression (dependent variable 

stage, frailty) or logistic regression (dependent variable comorbidity) models 

(estimated in the original cohort) with independent variables gender, socio-

economic status, and age (set at under 75). 

3. Simulate treatment using multinomial logistic regression model (estimated in the 

original cohort) with independent variables (potentially simulated) stage, frailty, 

comorbidity, plus sex, socio-economic status, and setting age at under 75. 
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4. Predict survival using logistic regression model (estimated in the original cohort) with 

independent variables (potentially simulated) treatment, stage, frailty, comorbidity, 

plus sex, socio-economic status, and setting age at under 75. 

Pseudo-population 3: older patients receiving the younger clinically-specific treatment 

rates 

1. Set all patients to old (≥75 years of age).  

2. Simulate clinical profile from multinomial logistic regression (dependent variable 

stage, frailty) or logistic regression (dependent variable comorbidity) models 

(estimated in the original cohort) with independent variables gender, socio-

economic status, and age (set at 75 years and over). 

3. Simulate treatment using multinomial logistic regression model (estimated in the 

original cohort) with independent variables (potentially simulated) stage, frailty, 

comorbidity, plus sex, socio-economic status, and setting age at under 75 years. 

4. Predict survival using logistic regression model (estimated in the original cohort) with 

independent variables (potentially simulated) treatment, stage, frailty, comorbidity, 

plus sex, socio-economic status, and setting age at 75 years and over. 

The TCE, NDE and NIE are identified through different contrasts of the mean outcome 

(survival) in the pseudo-populations. For instance, to measure UT i.e., NIE, which is defined 

as E{Y(1), M(0)} – E{Y(1), M(1)}, pseudo-populations 3 and 1 are contrasted – the average 

survival of older patients receiving clinically-specific treatment rates of young is subtracted 

from the average survival of older patients receiving the clinically-specific treatment rates of 

the old. Pseudo-populations 1 and 2 are contrasted to estimate TCE, while pseudo-

populations 2 and 3 are contrasted to estimate NDE. 
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6.5 Conclusion  

This chapter claimed that measuring UT is a mediation task, and critiqued the conventional 

regression approach, for measuring potential UT, as typified in some studies of the 

systematic review. It presents a brief account of the principles of causal inference and causal 

mediation analysis, and a review of the merits of g-computation method, particularly its 

ability to handle intermediate confounding. The application of these methods to quantify UT 

is presented in the next two chapters.  
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Chapter Seven 

Quantifying under-treatment in older adult lung cancer 

patients in Northern Ireland 

 

7.1 Study rationale 

Recently, under-treatment (UT) has been highlighted as a potential cause of poorer survival 

outcome in older patients (aged 75 and over)2. By 2035, older patients will comprise over 

50% of the 63,000 lung cancer patient population in the UK22. International stage-specific 

survival, an indicator of effective cancer management and treatment, in non-small cell lung 

cancer (NSCLC) patients is lower in the UK (68.1%) than Canada (87.1%), Norway (74.9%) and 

Sweden (87.8%) for localised cancer; similar differences are reported for regional and distant 

disease15. Treatment rates in the UK35 for lung cancer are lower than other countries and 

regions such as Italy304, Sweden305 and British Columbia306. In addition, within England, 

surgery rates varied from 5% to 36% across Clinical Commission Groups as reported by the 

English National Lung Cancer Audit-2015 (NLCA)307.  

However, UT should not be equated merely with lower treatment rates in the elderly, but 

rather should be viewed as avoidable cancer-specific mortality in elderly patients for want of 

appropriate treatment. Previous studies have outlined the potential for UT in elderly NSCLC 

patients by comparing age-specific treatment rates - adjusted for stage, frailty, and 

comorbidities – with corresponding survival estimates122,234,308, but not in a single analysis. 

Using comprehensive data on lung cancer patients, including frailty, from a single UK region, 

this study quantifies UT by using a causal inference mediation approach employing the g-

computation method62. 
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7.2 Study aims and objectives 

This study aims to establish a retrospective cohort of NSCLC patients diagnosed between 

2012 and 2015 in N. Ireland and quantify how much of the lower survival in older patients 

with lung cancer is mediated through lower treatment rates in the elderly, after adjusting 

for clinical and demographic factors, using the g-computation formula. 

7.2.1 Specific objectives, to: 

1. Report the demographic and clinical characteristics of NI lung cancer cohort 

between 2012 and 2015 by age group (aged <75 and ≥75). 

2. Explore the relationship between treatment receipt and clinical/demographic 

factors.    

3. Explore the relationship between survival and treatment receipt, and 

clinical/demographic factors.  

4. Considering treatment as a mediator of the effect of age on survival, estimate the 

Total Causal Effect (TCE), Natural Direct Effect (NDE), Natural Indirect Effect (NIE) 

and equate the latter with UT, the difference in older adults’ survival when given 

the clinically-specific treatment rates of the young compared to the old. 

5. Perform a sensitivity analysis on the impact of omitting clinical factors (i.e., cancer 

stage, frailty and comorbidities) or miss-specifying their role as either regular or 

intermediate confounder. 

 

7.3 Data sources and access 

The NICR has access to several electronic data sources. Routine cancer registry data was used 

and was supplemented by two primary data sources including the Clinical Oncology 

Information System (COIS) and Cancer Patient Pathway System (CaPPS), which have been 

described previously in Chapter 4, section 4.4.1.1.   
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As previously disclosed, the chief investigator was required to complete a number of steps 

to gain access to the NICR data. The same data request forms used in Chapter 4; detailing the 

initially proposed title, aim, methodology, details of information required and declaration 

relating to the use of potentially identifiable patient data200, were used for this project. 

Before handling personal patient data, I was required to sign a confidentiality disclosure and 

user agreement, and follow the strict confidentiality code implemented by the NICR, outlined 

in section 4.4.1.2. 

 

7.4 Materials and methods 

7.4.1 Study patient cohort  

Non–small cell lung cancer (NSCLC) patients in Northern Ireland diagnosed from 2012-2015 

(n=4,233) were identified by the Northern Ireland Cancer Registry (NICR) as any patient with 

topographic ICD-10204 code C33-C34 but lacking ICD-0 morphology codes indicative of small 

cell lung cancer (ICD-0 codes M8041/3, M-8042/3; M-8043/3; M-8044/3;and M-8045/3). 

Details of NICR registration practices are described elsewhere309. Patients were assigned to a 

deprivation quintile based on the income domain of the Multiple Deprivation Measure (NI 

Statistics and Research Agency: www.nisra.gov.uk) of the census Super Output Area of their 

place of residence at diagnosis.  

7.4.2 Clinical characteristics 

Patients were staged manually by Tumour Verification Officers according to TNM310 with the 

information contained in the pathology report, CaPPS and COIS. The patients’ lung function 

(FEV1/FVC; forced expiratory volume in one second over forced vital capacity) and 

performance status (PS; Eastern Cooperative Oncology Group [ECOG])10; are captured by 

data from CaPPS in its Multidisciplinary Team (MDT) domain; the latter was coded on a scale 

of 0 (fully active) to 4 (completely disabled). Lung function was categorised as severe (<50% 

FEV1/FVC), moderate (50-60%), mild (>60%). Comorbidity information was captured from 

http://www.nisra.gov.uk/
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inpatient hospital episode information (Patients Administrative system [PAS]) recorded as 

ICD-10 codes, and a patient was flagged as having comorbidity at diagnosis if their episode 

was dated within 12 months before diagnosis to three months afterward.  

The definition of curative surgery was based on a list of OPCS4 codes (Classification of 

Interventions and Procedures version 4), compiled by the Thames Cancer Registry for a 

performance indicator of the UKIACR. Curative surgery and all chemotherapy OPCS codes 

were captured through PAS. Radiotherapy episode information was downloaded from the 

Radiotherapy machine Area System in Belfast City Hospital Cancer Centre, which delivered 

all radiotherapy treatment to NI lung cancer patients in the study. Eligible treatment episodes 

were restricted to the period from 3 months before diagnosis to 6 months after, which is 

known as the ‘treatment period’, in order to improve the capture of the patients’ primary – 

tumour directed treatment.  

7.4.3 Dataset compilation 

The final cohort used in the study consisted of patients diagnosed in a four-year period 2012-

2015, and was an a posteriori pragmatic decision based on an assessment of data 

completeness. However, in compiling the data, and in order to maximise data, a larger cohort 

(calendar period 1993-2016) was initially considered and all available data from clinical 

sources was linked in. Various sources of clinical data provided extracts, sometimes with 

more recent date, containing information on comorbidities, lung function, and performance 

status were cleaned and prepared for linkage. After applying episode inclusion criteria (see 

above) and removing duplicates, 6,482 comorbidity episodes (inpatient PAS record with ICD-

10 code) were captured relating to 7 comorbidities most likely to influence treatment 

decision making and disease progression in NSCLC patients: primary hypertension, chronic 

obstructive pulmonary disease, ischaemic heart disease, diabetes mellitus, valvular heart 

disease and atrial fibrillation (VHDAF), asthma, and dementia/Alzheimers disease.    
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Records on lung function of patients discussed at Multidisciplinary Team (MDT) between 

2010 and 2015 were captured from the Cancer Patient Pathway System (CaPPS). Pulmonary 

function measured by FEV1/FVC, diffusion capacity of the lungs for carbon monoxide (DLCO), 

carbon monoxide transfer coefficient (KCO) and Ejection Fraction were available fields but 

most had greater than 60% data missing. Only FEV1/FVC, with about 50% data complete, was 

cleaned and used. Patients’ performance status was captured in the MDT and recorded on 

CaPPS using ECOG scoring system. The ECOG score was about 70% complete.  

Curative surgery treatment information was captured from PAS using OPCS codes (n=42) 

listed in the Treatment Coding and Classification file produced by the Thames Cancer Registry 

for performance indicators of the UKIACR. Using unique patient and tumour identification 

information, PAS inpatient episodes with these OPCS4 procedure codes were linked to the 

1993-2015 patient cohort from NICR. Applying the ‘treatment period’ inclusion criteria 

window (see section 7.7.2) and removing patients’ second and subsequent operations in the 

period (n=6060), resulted in 768 patients identified as treated with curative surgery between 

2010 and 2015. The same steps were followed for patients who received chemotherapy, 

using OPCS codes (n=28) listed in the Thames Cancer Registry Treatment Coding and 

Classification file. Between 2010 and 2016, 1,451 unique inpatient PAS episodes of the cohort 

patients were identified as having received chemotherapy. The patient cohort was linked to 

an extract of 17,652 records of all cancers from 2012-2016 from the Area System 

radiotherapy machine in Belfast City Hospital Cancer by Health and Care number, and 

restricted to records with ‘lung’ in a body site field. In total, 1,331 patients had an episode of 

radiotherapy data.  

The patient cohort was established and the clinical datasets (comorbidity, lung function & 

performance status) were linked in as follows. The NICR register extract of 22,857 registered 

lung patients diagnosed between 1993 and 2015 (with  vital status information follow-up till 

end of 2015) was restricted to patients diagnosed between 2010 and 2015 (n=7,082), and 
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then linked with the 2016 death file from the General Register Office which flagged the death 

of 533 patients in the cohort. Twelve cases were removed due to missing deprivation 

information. As the earliest available year of episodes of radiotherapy treatment was from 

2012, the patient cohort was restricted 2012 to 2015 (n=4,894 cases) in order to include all 

treatment types in the analysis. A decision was made to exclude the SCLC cohort since its 

incidence is lower than NSCLC, its natural history (e.g., SCLC rapidly spreads [metastasizes] 

to other organs) is more aggressive, its treatment is with chemotherapy or radiation therapy 

but rarely with surgery103,  and its outcome (see Chapter 2, Section 2.3.5) survival is worse 

than NSCLC. A final cohort of 4,233 NSCLC patients remained after removing 620 SCLC 

patients and 41 cases diagnosed only by death certificate or post-mortem (Figure 7.1). 

 

Figure 7.1: A flow chart outlining the linkage of the individual datasets used in this study. The 
initial 7,082 records between 2010-2015 was reduced to 4,233 non-small-cell lung cancer (NSCLC) 
after restricting cases to 2012-2015 and removing small-cell lung cancer records.  

7.4.4 Statistical analysis 

The study design was population-based, retrospective and observational. Missing stage, 

frailty and lung function information were multiply imputed using chained equations207. Data 
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on gender, age, year of diagnosis, deprivation, comorbidities, treatment, and survival were 

used in the following command to impute five imputation datasets:  

 

A ‘marginal’ proportion of patients receiving a treatment for a subgroup (e.g., younger 

patients with Stage 2 disease) was estimated by setting the entire patient cohort to the 

subgroup’s identifiers, predicting probability for each patient, and averaging the predicted 

probabilities in the cohort; this required a user-written Stata command mimrgns for use with 

multiply imputed datasets. A similar approach was followed in estimating the ‘marginal’ 

survival for the same subgroups. 

7.4.5 G-computation formula 

A more detailed explanation of the g-computation formula used to quantify UT has been 

given in chapter 6. It was used to estimate the proportion of the effect of age on survival that 

is mediated through treatment (see Figure 7.2). The variables involved in this chapter are 

described below:  
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Figure 7.2: The Directed Acyclic Graph (DAG) of the potential causal pathways used in identifying 
UT. Key: C, demographic confounders (gender, deprivation); L, intermediate confounders (stage, 
comorbidity, and performance status); X, exposure (age group); M, primary treatment received 
(surgery, radiotherapy, chemotherapy, no treatment): Y, outcome (survival). The blue arrow 
identifies UT where older age (X), independent of its action on clinical factors (L), may directly reduce 
treatment receipt (X→M), and contribute to lower survival (X→M→Y). 

 

 The exposure (X) is age group: young (<75 years of age) and old (≥75).  

 The outcome (Y) is observed survival at 1-year taken as a binary [0,1] variable  

 The mediator (M) was a four category treatment modality, representing the 

considered ‘most curative’ treatment that the patient received, in the following rank-

order: surgery, radiotherapy, chemotherapy, and no therapy  

 The confounders (C) were gender and socio-economic status.  

 The intermediate confounders (L) were stage, comorbidities and performance status 

A representative syntax and output are displayed in figure 7.3a-c and 7.4a-c, respectively. 

In addition, the Stata user-written program62, gformula, which performs g-computation, has 

the positive feature that missing values can be imputed using multiple chained equations207. 

The use of data imputation for important variables like stage and performance status allowed 

the study to proceed on a population-basis, obviating potential sampling-biases. A sensitivity 

analysis looks at entering clinical factors as base confounders (C) rather than intermediate 

confounders; this will remove the factor’s contributions to the TCE and focus on how other 

clinical factors contribute to TCE. Another sensitivity analysis involves omitting the clinical 



 

Page | 155  

factor entirely; this will remove the factor’s effect from L-pathways and will shift some of the 

NDE to NIE (pathway X→L→M→Y goes to X→M→Y) which may bias the M→Y pathway if it 

was a confounder. 

 

Figure 7.3a: an example of the gformula Stata command used to perform the mediation analysis - 
all linear effects. The main variables are listed after gformula followed by the specification of the 
outcome, exposure, mediator, confounders of the exposure-outcome relationship and confounders 
of the mediator-outcome relationship. Commands (i.e., mlogit and logit) was used to fit the 
parametric models, mediation specifies that the analysis is a mediation analysis, seed sets the 
random-number, samples specifies the number of bootstrap samples, while obe stipulates that there 
is only one binary exposure and that the comparisons should be made between X=1 (≥75) and X=0 
(<75). equations specifies the equations used to predict the outcome, mediator and the intermediate 
confounders. impute details the variables with missing observations to be imputed via the method of 
single stochastic imputation using chained equations62. Explanation of the variable codes have been 
given in the imputation model in section 7.4.4. 

 

 

Figure 7.3b: an example of the gformula Stata command used to perform the mediation analysis - 
reduced model, showing that chronic obstructive pulmonary disease, dementia and lung function 
were removed from the analysis.  
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Figure 7.3c: An example gformula Stata command used to perform the sensitivity analyses: a) 
omitting performance status (PS) from the analysis, b) not treating PS as an L-confounder. In a) 
ECOG was removed from the analysis by placing it between /* and */ [highlighted in green], which 
blanks it out in the do-file, while in b) it was inserted as a base confounder (i.e., base_confs). Similar 
approach was used to omit and/or treat comorbidities and stage as base confounders. Explanation 
of the variable codes have been given in the imputation model in section 7.4.4. 
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Figure 7.4a: An example of the gformula Stata output from running the reduced model presented 
in figure 7.3b. It displays the specified parametric models for predicting outcome (survival), exposure 
(age) and mediator (treatment) variables used in g-computation, and the imputation models for 
variables with missing data.  
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Figure 7.4b: Continuation of the gformula Stata output from running the reduced model presented 
above (Figure 7.3b). The display shows that 1000 bootstrap replications were used and explains the 
components to be estimated and displayed (see below). 

 

 

Figure 7.4c: The final gformula Stata output - estimating the TCE, NDE and NIE - from running the 
reduced model in figure 7.3b. The g-computation estimates, their standard error, hypothesis test 
(=0) and p-value and 95% Confidence Interval are displayed.  
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7.5 Results  

7.5.1 Patient characteristics 

Table 7.1 presents the clinical and demographic characteristics of the NSCLC patient 

(n=4,233) study cohort by age group, after those with death certificate only and post-mortem 

only diagnosis were removed (n=41); of these 2,319 (54.8%) were females and 1,755 (41.5%) 

were aged 75 and over. Missing data was higher in the elderly for stage (17.1% vs 7.6%), 

ECOG (37.9% vs 27.0%) and lung function (67.4% vs 49.3%) compared to young. Excluding 

missing records, the distribution of gender, deprivation, stage, lung function, chronic 

obstructive pulmonary disease, diabetes mellitus, and asthma were similar between the 

young and old (P>0.05; Table 7.1). Older patients had poorer (P<0.01) levels of performance 

status with 36.5% of patients with 3-4 ECOG status compared to 15.7% in younger patients. 

7.5.2 Treatment received 

The most frequent curative treatment categories were radiotherapy alone (24.6%), surgery 

alone (13.0%), and chemotherapy alone (10.4%), while combination-modalities in total made 

up <5% of the patients’ treatments; 52% of patients received no curative treatment. Older 

patients were less likely to receive surgery (7.4% vs. 18.4%), radiotherapy (20.2% vs. 27.7%), 

and chemotherapy (3.1% vs. 17.6%) than younger patients, and much more likely to receive 

no treatment (71.3% vs. 38.3%) (Table 7.1); these age-differences (elderly versus young) for 

surgery (OR 0.18), radiotherapy (OR 0.52), and chemotherapy (OR 0.17) persisted (P<0.001) 

in a multinomial model adjusted for various demographic and clinical factors (Table 7.2). 

Surgery receipt lower in stages 3 and 4 than stage 1 (OR 0.16 and OR 0.02, respectively, 

p<0.001, Table 7.2). Both radiotherapy and chemotherapy were higher in stages 2-4 relative 

to stage 1 (ORs >2, P<0.001). Poorer PS patients experienced lower levels of all treatment 

modalities (OR<0.68, P<0.05). The presence of Dementia/Alzheimer’s was negatively 

associated with surgery (OR 0.13, P=0.027) and radiotherapy (OR 0.27, P=0.002). Valvular 

heart disease and atrial fibrillation were negatively associated (p<0.05) with radiotherapy 
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(OR 0.69, P=0.006) and chemotherapy (OR 0.58, P=0.019), with a similar pattern for 

ischaemic heart disease and surgery (OR 0.68, P=0.039). Primary hypertension was positively 

associated (p<0.01) with rates of surgery (OR 1.56) and chemotherapy (OR 1.46). 

7.5.3 Survival 

Thirty-six percent of patients in the study survived for at least one year, with a significant 

difference (-15%, p<0.001, Table 7.1) between the older patients (27.8%) and the young 

(41.9%)—a difference that was also evident in the adjusted analysis (OR 0.74; 95% CI 0.62 — 

0.89, P=0.002, Table 7.3). Stage was more inversely associated (stage 2-4 vs stage 1, OR range 

0.48-0.04, P<0.001) with 1-year survival than PS (ECOG 1-4 vs 0, OR range 0.79-0.19). None 

of the comorbidities were associated with 1-year survival, except for ‘valvular heart disease 

and atrial fibrillation’ in the young patient (OR 0.60, P=0.013). The effect of any clinical or 

demographic factor on survival was not modified by age group (Table 7.3).  

7.5.4 Mediation analysis 

Comparing old (≥75) to young (<75), the overall finding was that the TCE of the reduced 

model (significant main effects only) was -14.1% (95% CI -17.5% — -10.7%, P=0.01), which 

was partitioned into the NDE (-9.6%; 95% CI -13.1% — -7.1%, P=0.01) and the NIE (-4.5%; 95% 

CI -7.8% — -2.2%, P=0.01) (Table 7.4). Approximately 32% of the difference in survival 

(4.5/14.1) between old and young patients could be attributed to UT.  

Table 7.4 presents sensitivity analyses of various mediation models where the definition of 

young and older patient outcomes are varied, and when clinical variables are individually 

omitted or treated as base confounders. The models including interactions with age (such as 

age x L-confounder, age x C- confounder, age x treatment) in the equations for simulating L-

confounders and treatment effects on survival did not materially alter findings (given the CI 

of estimates), and this was supported by the non-significance of interaction terms when 

added to the analyses presented in Tables 7.2-7.3 (see footnotes in tables). The NIE (-2.3%, 
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95% CI -3.4% — 0.2%) for 2-year survival was smaller and not significantly different from zero 

for the smaller cohort of patients (n=3,181) complete with 2-year follow-up (Table 7.4). 

Omitting the clinical variables in turn from the analysis slightly increased the TCE, and for PS 

and stage the greater change occurred in NIE as opposed to NDE, while the reverse occurred 

for comorbidity variables. Treating stage and comorbidity variables as base confounders 

rather than intermediate confounders, increased TCE slightly, but did not qualitatively 

change the partition between NDE and NIE.  However, treating PS and a base-confounder 

decreased the TCE markedly by 7.7% (Table 7.4).   

 

7.6 Discussions 

7.6.1 Main findings  

This study found that between 2012-15 in Northern Ireland - after accounting for disease 

stage, poor PS, poor lung function and comorbidity – the 1-year survival of older lung cancer 

patients were, on an absolute scale, about 14.1% lower than that of younger patients. About 

a third (32%) of this reduction was due to the direct effect of age on receipt of treatment, 

suggesting UT. An extra 4 and 5 out of 100 elderly patients would be alive one year after 

diagnosis had they received similar treatment modalities as younger patients with matching 

clinical profile. 

7.6.2 Comparison with other studies 

The study pioneered the use of a single g-computation mediation analysis to quantify UT 

combining patient-level clinical, treatment, and outcome information. In contrast, assessing 

treatment rates and survival estimates in separate analyses can demonstrate only the 

potential for UT. Allowing for this distinction, the results are compatible with population-

based studies that compare older with younger patients with NSCLC. Older patients had a) 

lower treatment rates311 adjusted for stage and comorbidity5,312, b) lower stage-specific 
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survival15 adjusted comorbidity108,264, and c) a positive association between  optimal 

treatment rates308 and survival, adjusting for stage234 and comorbidity313,  

7.6.3 Causal inference and g-computation formula  

For obvious ethical reasons, UT can only be investigated using an observational dataset, and 

since no randomisation of patients can be used to prevent confounding, modern statistical 

approaches of causal inference are necessary to identify UT. Such an approach requires the 

consideration of the main sources of confounding, and made explicit in a DAG314. The present 

study could not credibly attempt to accurately estimate UT, in a population-based setting, if 

certain key clinical variables, potential confounders, were not available, including stage, PS, 

and comorbidities. 

The causal inference approach known as the g-computation formula was chosen for its ability 

to accommodate the ‘L’ intermediate confounders, which was considered a sine qua non for 

estimating UT in the elderly. Considered a priori, age is likely to influence the patient’s clinical 

circumstances—stage, frailty, and comorbidity—that will affect their receipt of treatment 

modality and survival. Appropriate adjustment of L-confounders ensures less biased 

estimation of the NDE, in two ways, by simultaneously adjusting for its potential confounding 

of the treatment’s effect on survival by clinical variables, and allowing for age itself to affect 

survival through clinical variables.  

In the sensitivity analysis, omitting individual potential clinical L-confounders in the 

mediation analysis firstly increased the TCE, and secondly changed the proportions of NDE 

and NIE. The adjusted observed survival deficit between young and old is 15.1% (Appendix 

6.1) and was more or less recovered by the TCE (14.1%). Omitting an L-clinical variable may 

have inflated the TCE through biasing some coefficients that are influential in particular 

pathways, the accumulation of which lead to an overall TCE inflation.  This was most 

accentuated when PS was omitted (TCE=17.8%). Related to this, the second issue of the shift 
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in proportion split of NDE and NIE, which was strongest when stage was omitted, and is partly 

explained, through the inflated effect of treatment on survival, caused by confounding by 

stage, which will boost the NIE.   Entering a true L-confounder as a regular C-confounder 

blocked the X→L→Y and X→L→M→Y pathway-reducing TCE, particularly in the case of PS, 

which was the L-confounder most strongly, associated with age. Therefore, failing to capture 

and secondly, correctly identify L-confounders can bias the results markedly, and this 

underlines the need to engage with expert clinical knowledge, together with the published 

literature.  

It is possible that not all relevant L-confounders were included. The inclusion of lung function, 

which was highly incomplete, but imputed, might have altered the result due to its role in 

clinical decision-making. Likewise, patients’ consent was not well recorded in the MDT data, 

whose omission could have resulted in an over-estimation of the level of UT.  However, older 

breast cancer patients are more passive decision-makers, reliant on the advice of healthcare 

professionals55,56, and NSCLC patients have rated clinician guidance as most important when 

making treatment decisions, in a sequential mixed method study57. 

The g-computation formula, as executed in Stata, incorporates routines to handle missing 

data by imputation by multiple chained-equations, thus allowing the analysis to proceed on 

a population-basis – reducing biases that can occur with unrepresentative samples of the 

population. On the other hand, the limitations of the gformula include several theoretical 

considerations – assumptions about causal pathways and model specifications – that need 

to be integrated into the application of the method, though it can be argued that such 

assumptions are seldom as exposed in many routine alternative analyses. For instance, the 

impact of clinical factors on the treatment type received, and on the interacting effects of 

clinical and treatment factors on survival, could be significantly modified by age group, and, 

by this, influence the level of NIE. The g-computation formula can estimate these 
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interactions, under the direct-effects assumption315. Though, for unbiased estimates, data 

imputation would need to include these interaction terms also. Preliminary investigations of 

such interactions showed no major impacts on NIE in this study, but further investigation is 

required. In short, the experience, primarily through the sensitivity analysis, indicates that 

the theory, method, and results are coherent, and with practice and improving data 

completeness in cancer registries, the approach will be more stable and deliver qualitative 

insights, if not quantitative precision as well. 

The gformula software does not give a breakdown of the contributions to NDE and NIE from 

the individual pathways outlined in the DAG, and therefore it is difficult to identify the clinical 

variables most ‘responsible’ for UT, in the manner that would be possible in a Structural 

Equation Model where models are all linear regression. Indeed, further research is required 

to ensure that the NIE is restricted to X→ M→Y and does not include X→L→M→Y, in which 

case UT would not be equivalent to NIE, and a new g-computation routine is required to 

isolate X→ M→Y. Alternatively,  future work could explore the intermediate confounders (L) 

as mediators, as demonstrated by Li et al.316, to better understand the components of the 

NDE of age on survival. 

7.6.4 Strengths and limitations  

The population-based strength of the current study is also a weakness in that relatively few 

covariates are captured in routine data systems, leaving the possible risk of unmeasured 

confounding. In the future, the greater linkage of cancer registry data with data from primary 

care, in- and out-patient hospital episodes and clinical management, including MDT 

meetings, will reduce the risk of unmeasured confounding. In addition, while rates of missing 

data were higher in the older patients than the young, even with imputation, there is the risk 

that missing data were not missing at random (MAR)207, leading to an under-estimation of 

poorer frailty, for instance, in the elderly and hence an over-estimation of UT. This requires 
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further investigation, including possible sensitivity analysis, but underlines the requirement 

for better data capture, particularly in the elderly. 

The imputation models used within the gformula in Stata may have suffered a lack of 

congeniality231 particularly for the models in gformula involving interactions, however the 

gformula command, in its current version, appeared only to accept main effects terms in the 

imputation models (see summary discussion on multiple imputation model, Section 9.3.2.4). 

The levels of active treatment in NI for several different modalities were lower than those 

reported in the English Lung Cancer Audit, which may be due to the ‘treatment period’ 

(applied in this study) - removing some palliative episodes from the treatment rates. In any 

case, relying on electronic data capture may risk missing information on patients whose 

engagement with the secondary care system is minimal. The ability to audit UT credibly, and 

the possibility of routine reporting by Clinical Commissioning Groups, for instance, may 

encourage better data capture of clinical factors that are used in clinical decision-making at 

the MDT, and this will make further analysis even more robust.  

7.6.5 Implications for further research  

While this study used population-level data from one region, similar UT estimates could be 

explored using routinely available cancer registry data across the UK. Since levels of data 

missingness and covariate profile across age groups could vary in different regions, finding 

consistent estimates of UT could confirm both that the methodology is sound and UT is a real 

phenomenon. The same causal mediation approach could also be used to study inequities in 

outcomes across gender317, ethnicity4, and deprivation5 defined subgroups.  

Indeed such has been called for in a recent NIHR monograph318, but the authors also called 

for a more focussed inquiry of clinical decision-making processes relating to diagnosis and 

treatment selection in NSCLC. The use of clinical vignettes has gained traction in this field, 

with recent examples demonstrating more fidelity and validity of the approach by examining 
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and analysing videoed consultations.   Interestingly, in a well-designed factorial experiment 

of videoed vignettes, even when the participating GPs elicited sufficient information about 

symptoms, older patients were less intensively investigated319.  

In light of these findings, studies such as this are called for in secondary care. The context of 

multi-disciplinary cancer care in specialist hospital settings is different.  In that study from a 

decade ago of one NSCLC MDT in a tertiary centre in Northern Ireland, a wide variation in the 

range and accuracy of prognostic predictions made by individual clinicians was found, with 

no consistent improvement after team discussion320. Although the effect of patient age was 

not the subject of inquiry, the clinicians’ views about the primary objectives of care was also 

studied (prolongation of survival, maximisation of quality of life or achievement of a good 

death) and there was some significant divergence of opinion on this fundamental objective, 

even after group discussion. In at least 19 (38%) of 50 cases in that study, the consensus on 

the primary objective of care was not unanimous. More sophisticated analytic approaches 

have emerged to study thresholds in clinical decision making321,322 and how these are affected 

by both patient and clinician characteristics, and such studies are overdue if we are to 

understand better the inequitable access to life-prolonging treatment of older patients with 

NSCLC. There is also a pressing need to incorporate patient preferences into these studies 

and analyses323.  

The implication for immediate future research should include the replication of these 

mediation findings in other cancer sites. Given the overarching aim of this thesis, which is 

reflected in its title, a request has been made to link retrospective breast and colorectal 

cancer (CRC) cohort from NICR with the Northern Ireland longitudinal study (NILS) dataset 

from 2011 onwards. The linkage will provide self-reported morbidities and frailty information 

derived from the 2011 NI Census data, since ECOG performance status is not routinely 

collected in CaPPS/MDT meetings for breast and CRC patients in NI230. This record-linkage 
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study will also include lung cohort of the present study, and a comparable outcome may 

suggest that the findings in this study are robust, as well as confirming similarities with the 

ECOG and self-reported health status. 

 

7.7 Conclusions 

This study highlights the potential of offering more treatment to older NSCLC patients, and 

the need for a comprehensive assessment of these patients with diverse and often complex 

health needs and outcomes. With sufficient information on patient clinical and demographic 

factors, and in situations where randomised trials are unethical, observational data can be 

used to assess under-treatment in lung cancer patients.  
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Table 7.1: Demographic and clinical characteristics for lung patients in N. Ireland from 2012-2015 
by age group (<75 or ≥75).  

Variable Values

N % N % N %

Total 2,478 100 1,755 100 4,233 100

Female 1,110 44.8 804 45.8 2,319 54.8

Male 1,368 55.2 951 54.2 1,914 45.2

0-44 50 2.0 50 1.1

45-54 214 8.6 214 5.1

55-64 739 29.8 739 17.5

65-74 1,475 59.5 1,475 34.9

≥75 1,755 100 1,755 41.5

1 (Least deprived) 333 13.4 249 14.2 582 13.8

2 377 15.2 302 17.2 679 16.0

3 468 18.9 333 19.0 801 18.9

4 525 21.2 376 21.4 901 21.3

5 (Most deprived) 775 31.3 495 28.2 1,270 30.0

1 425 18.4 289 19.9 714 18.9

2 215 9.3 141 9.7 356 9.4

3 563 24.3 374 25.7 937 24.8

4 1,113 48.1 652 44.8 1,765 46.8

Stage Missing 162 6.6 299 17.1 461 11

0 (Fully active) 388 21.2 80 7.2 468 15.9

1 760 41.4 322 29.1 1,082 36.8

2 398 21.7 302 27.3 700 23.8

3 236 12.9 331 29.9 567 19.3

4 (completely disabled) 52 2.8 73 6.6 125 4.3

ECOG Missing 644 26.0 647 36.9 1,291 30.5

0-49 (Severe) 184 14.7 76 12.5 260 14.0

50-59 (Moderate) 241 19.2 131 21.6 372 20.0

60-100 (Mild) 831 66.2 401 66.0 1,232 66.1

FEV1/FVC Missing 1,222 49.3 1,147 65.4 2,369 56.0

Primary hypertension 680 27.4 593 33.8 <0.001 1,273 30.1

Chronic obstructive pulmonary disease 774 31.2 549 31.3 0.974 1,323 31.3

Dementia/Alzeimer's disease 28 1.1 86 4.9 <0.001 114 2.7

Ischaemic heart disease 424 17.1 456 26.0 <0.001 880 20.8

Diabetes mellitus 300 12.1 234 13.3 0.236 534 12.6

Asthma 138 5.6 90 5.1 0.531 228 5.4

Valvular heart disease and Atrial fibrillation 212 8.6 327 18.6 <0.001 539 12.7

Surgery 457 18.4 95 5.4 552 13.0

Radiotherapy 686 27.7 354 20.2 1,040 24.6

Chemotherapy 387 15.6 55 3.1 442 10.4

No treatment 948 38.3 1,251 71.3 2,199 52.0

1-year 1,038 41.9 471 26.8 <0.001 1,509 35.7

2-year 729 29.4 275 15.7 <0.001 1,004 23.7

Gender

NOTE: Data are n (%). For the treatment and demographic variables, the P-value* refers to the chi-square test statistic of association with 

age group. For the clinical variables, the P-value* refers to the wald-test of the odds ratio comparing age groups in an ordinal logistic 

regression adjusted for sex and deprivation.

0.286

Comorbidity      

(% recorded)

Lung function 

FEV1/FVC (% 

recorded value)

Treatment <0.001

Survival

0.512

YOUNG (<75) OLDER (≥75)
P-value*

Total

0.183

<0.01

Stage (% 

recorded 

staged)

Performance 

Status ECOG (%   

recorded ECOG)

Deprivation

Age group

0.267
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Table 7.2: Multinomial logistic regression model  relating  surgery, chemotherapy, radiotherapy receipt (with 3 months before diagnosis to 6 months after), and no 
treatment to  demographic and clinical factors of patients with lung cancer diagnosed in Northern Ireland in 2012-2015. 

Variable Values

OR P-value OR P-value OR P-value

Gender Female (Male reference) 1.22 0.92 1.62 0.162 1.09 0.92 1.29 0.299 1.08 0.84 1.38 0.547

Age ≥75 (<75 reference) 0.18 0.13 0.25 <0.001 0.52 0.44 0.62 <0.001 0.17 0.12 0.24 <0.001

2 (ref: 1) 1.01 0.62 1.64 0.980 1.20 0.88 1.65 0.242 0.94 0.62 1.44 0.779

3 (ref: 1) 0.75 0.46 1.22 0.251 1.30 0.97 1.74 0.081 0.72 0.47 1.08 0.113

4 (ref: 1) 0.78 0.50 1.22 0.278 1.26 0.94 1.69 0.122 0.72 0.48 1.08 0.110

5 (Most deprived) (ref: 1) 0.86 0.55 1.34 0.504 1.26 0.95 1.67 0.111 0.73 0.49 1.09 0.125

2 (ref: 1) 1.40 0.92 2.13 0.118 2.47 1.66 3.68 <0.001 6.73 2.47 18.31 <0.001

3 (ref: 1) 0.16 0.11 0.23 <0.001 2.41 1.81 3.22 <0.001 16.97 7.23 39.81 <0.001

4 (ref: 1) 0.02 0.01 0.04 <0.001 1.94 1.48 2.55 <0.001 13.15 5.64 30.66 <0.001

1 (ref: 0) 0.33 0.23 0.47 <0.001 0.67 0.49 0.92 0.014 0.42 0.29 0.61 <0.001

2 (ref: 0) 0.04 0.02 0.06 <0.001 0.45 0.33 0.63 <0.001 0.10 0.06 0.16 <0.001

3 & 4 (Completely disabled) (ref: 0) 0.01 0.00 0.02 <0.001 0.13 0.09 0.19 <0.001 0.01 0.00 0.02 <0.001

50-59 (Moderate) (ref: 0-49) 1.48 0.79 2.77 0.214 1.23 0.88 1.71 0.218 1.20 0.69 2.07 0.514

60-100 (Mild) (ref: 0-49) 1.59 0.89 2.85 0.116 1.16 0.84 1.59 0.351 1.22 0.73 2.05 0.447

Primary hypertension 1.56 1.14 2.12 0.005 1.04 0.86 1.25 0.722 1.46 1.11 1.92 0.006

Chronic Obstructive Pulmonary Disease 1.08 0.79 1.48 0.629 0.84 0.69 1.03 0.088 0.91 0.67 1.23 0.531

Dementia/Alzheimer's disease 0.13 0.02 0.80 0.027 0.27 0.13 0.57 0.001 0.16 0.02 1.29 0.084

Ischaemic heart disease 0.68 0.47 0.98 0.039 1.00 0.78 - 1.21 0.81 1.27 0.92 1.75 0.144

Diabetes mellitus 1.09 0.70 1.69 0.711 1.06 0.82 1.38 0.631 1.16 0.79 1.69 0.455

Asthma 1.08 0.63 1.86 0.784 0.70 0.48 1.03 0.070 0.87 0.51 1.50 0.625

Valvular heart disease and Atrial fibrillation 1.30 0.82 2.06 0.258 0.69 0.53 0.90 0.006 0.58 0.37 0.91 0.019

NOTE: Data are odds ratio with 95% confidence interval and p-value for the null hypothesis that the odds ratio is equal to 1. 'No treatment'  is the outcome reference 

category  in the multinomial logistic regression.

Deprivation

Surgery Radiotherapy Chemotherapy

95% CI 95% CI 95% CI

Stage

Comorbidity

Lung Function 

(FEV1/FVC)
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Table 7.3: Logistic regression relating one-year patient survival to patient's demographic and clinical factors, by age groups. 

 

Variable Values Effect Mod*

OR P-value OR P-value P-value OR P-value

Treatment Surgery (ref: no treatment) 4.14 2.73 6.28 <0.001 3.84 1.97 7.50 <0.001 <0.001 4.29 3.03 6.07 <0.001

Radiotherapy 1.13 0.85 1.49 0.405 0.86 0.61 1.20 0.364 0.379 1.01 0.82 1.26 0.895

Chemotherapy 2.93 2.12 4.05 <0.001 4.74 2.48 9.07 <0.001 <0.001 2.94 2.24 3.86 <0.001

Gender Female (ref: male) 1.09 0.88 1.35 0.432 1.31 0.99 1.72 0.059 0.467 1.15 0.98 1.37 0.092

Age group ≥75 (ref: <75) - - - - - - - - - 0.74 0.62 0.89 0.002

2 (ref: 1) 0.88 0.60 1.30 0.525 1.07 0.67 1.71 0.777 0.745 0.93 0.69 1.25 0.629

3 (ref: 1) 1.00 0.69 1.45 0.984 1.31 0.82 2.09 0.256 0.692 1.09 0.81 1.45 0.577

4 (ref: 1) 0.86 0.60 1.24 0.428 1.02 0.65 1.59 0.939 0.838 0.90 0.68 1.19 0.448

5 (ref: 1) 0.95 0.68 1.35 0.792 0.97 0.63 1.50 0.894 0.799 0.95 0.73 1.25 0.712

2 (ref: 1) 0.48 0.31 0.76 0.002 0.37 0.24 0.58 <0.001 0.344 0.43 0.32 0.59 <0.001

3 (ref: 1) 0.15 0.10 0.21 <0.001 0.23 0.16 0.34 <0.001 0.234 0.19 0.14 0.24 <0.001

4 (ref: 1) 0.04 0.03 0.06 <0.001 0.06 0.04 0.09 <0.001 0.369 0.05 0.04 0.07 <0.001

1 (ref: 0) 0.73 0.52 1.01 0.058 0.79 0.43 1.42 0.426 0.657 0.75 0.57 0.98 0.037

2 (ref: 0) 0.53 0.37 0.77 0.001 0.48 0.25 0.89 0.021 0.731 0.51 0.37 0.70 <0.001

3 & 4 (Completely disabled) (ref: 0) 0.21 0.11 0.41 <0.001 0.19 0.09 0.37 <0.001 0.959 0.20 0.13 0.33 <0.001

50-59 (Moderate) (ref: 0-49) 1.29 0.83 2.02 0.253 1.03 0.51 2.06 0.937 0.961 1.17 0.76 1.82 0.459

60-100 (Mild) (ref: 0-49) 1.50 0.96 2.34 0.072 1.29 0.67 2.49 0.438 0.754 1.40 0.93 2.11 0.105

Primary hypertension 1.12 0.87 1.43 0.378 1.08 0.81 1.44 0.614 0.732 1.09 0.91 1.32 0.350

Chronic obstructive pulmonary disease 1.04 0.80 1.36 0.763 0.99 0.72 1.37 0.961 0.869 1.01 0.82 1.25 0.907

Dementia/Alzheimer's disease 0.58 0.17 1.94 0.377 0.74 0.37 1.46 0.385 0.709 0.68 0.37 1.26 0.223

Ischaemic heart disease 0.85 0.63 1.14 0.279 0.79 0.57 1.09 0.147 0.937 0.83 0.67 1.03 0.094

Diabetes mellitus 1.24 0.89 1.73 0.196 1.31 0.88 1.95 0.181 0.230 1.27 0.99 1.64 0.060

Asthma 1.25 0.78 1.99 0.349 0.73 0.40 1.32 0.301 0.881 1.03 0.72 1.48 0.863

Valvular heart disease and Atrial fibrillation 0.60 0.40 0.90 0.013 1.01 0.70 1.45 0.968 0.084 0.79 0.60 1.03 0.0791.93 0.81 4.6 0.13

NOTE: Data are odds ratio with 95% confidence interval and p-value for the null hypothesis that the odds ratio is equal to 1. A P-value testing effect size age-modification is provided.
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95% CI
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Table 7.4: Sensitivity analysis of mediation estimation for patients diagnosis in Northern Ireland from 2012-2015: Total Causal Effect (TCE), Natural Direct Effect (NDE), 
Natural Indirect Effect (NIE, under-treatment). 

Sensitivity element Total Elderly % % %

All linear effects (screen model):

75 cut-off 4,233  1,755 -14.2% -17.7% − -10.8% -10.8% -14.6% − -7.0% -3.4% -5.8% − -1.1%

80 cut-off 4,233  993       -15.7% -19.4% − -12.0% -12.2% -16.3% − -8.1% -3.5% -5.8% − -1.2%

85 cut-off 4,233  415       -16.4% -20.8% − -11.9% -12.9% -17.8% − -8.1% -3.4% -5.6% − -1.2%

Reduced model (all significant linear effects):

75 cut-off 4,233  1,755    -14.1% -17.5% − -10.7% -9.6% -13.1% − -6.1% -4.5% -6.8% − -2.2%

65-75 vs 75+ 3,230  1,755    -12.4% -16.5% − -8.4% -8.2% -12.3% − -4.1% -4.2% -6.8% − -1.6%

80 cut-off 4,233  993       -15.5% -19.2% − -11.9% -11.6% -15.5% − -7.7% -3.9% -6.2% − -1.7%

85 cut-off 4,233  415       -15.7% -20.3% − -11.1% -13.0% -18.0% − -8.0% -2.7% -4.9% − -0.5%

75 cut-off and age-interaction terms 4,233  1,755 -14.3% -17.8% − -10.9% -8.8% -13.0% − -4.7% -5.5% -8.7% − -2.3%

80 cut-off and age-interaction terms 4,233  993       -15.0% -18.7% − -11.4% -12.9% -21.6% − -4.3% -2.1% -9.9% − 5.7%

Reduced model 2-year survival:

75 cut-off 3,181  1,316 -12.1% -15.3% − -9.5% -9.8% -13.9% − -7.7% -2.3% -3.4% − 0.2%

80 cut-off 3,181  730 -12.4% -15.6% − -9.9% -10.2% -14.8% − -8.5% -2.3% -2.8% − 0.7%

85 cut-off 3,181  308 -13.1% -16.5% − -9.3% -10.8% -15.2% − -7.2% -2.3% -3.5% − 0.1%

Variable domain sensitivity

omitting stage 4,233  1,755 -15.1% -18.4% − -11.7% -6.0% -9.7% − -2.3% -9.1% -11.6% − -6.6%

omitting performance status (PS) 4,233  1,755 -17.8% -21.3% − -14.3% -8.0% -11.8% − -4.3% -9.8% -12.4% − -7.3%

omitting comorbidites 4,233  1,755 -15.9% -19.6% − -12.3% -9.9% -13.7% − -6.1% -6.0% -8.3% − -3.8%

not treating stage as L-confounder 4,233  1,755 -14.8% -18.9% − -12.8% -8.9% -14.5% − -7.8% -5.9% -6.8% − -2.5%

not treating PS as L-confounder 4,233  1,755 -7.7% -11.2% − -4.1% -5.9% -9.6% − -2.3% -1.7% -4.0% − 0.5%

not treating comorbidites as L-confounder 4,233  1,755 -15.9% -18.4% − -11.1% -11.2% -12.7% − -5.0% -4.7% -8.3% − -3.5%

TCE NDE NIEPatient numbers

95% CI (%) 95% CI (%) 95% CI (%)

For patient number, data are n. For TCE, NDE & NIE numbers are percentages with 95% confidence interval. In the g-computation analysis, clinical 

values (L) are simulated using multinomial models with independent demographic (age group [X], sex, and deprivation) variables. Likewise treatment 

values (M) are simulated using independent clinical variables (stage, performance status, comorbidities) and demographic variables. Survival (Y) is 

predicted using a logistic model with independent treatment, demographic, and clinical variables. Sensitivity analyses explore a) the definition for age 

group, b) terms in the model (linear only, significant linear only, age group modification terms), c) omitting key clinical variable from the analysis, d) 

failure to classify key clinical variables as intermediate confounders (L). Apart from the screening models, the default model settings are 'all significant 

linear effects'.
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Chapter Eight 

A record-linkage project quantifying UT in older adult cancer 

patients (Northern Ireland Longitudinal Study - Project) 

 

8.1 Study rationale 

A recent report highlighted that older cancer patients (75 years and over) were particularly 

at risk of being under-treated2. National audits have confirmed wide regional variation across 

the UK in curative treatment rates324, underlining the potential for under-treatment (UT). 

Specifically, the International Cancer Benchmarking Partnership (ICBP) found that Northern 

Ireland consistently ranked closer to the bottom concerning survival. Out of the 12 

participating jurisdictions, it ranked 10th, 9th and 8th for 5-year colorectal cancer (CRC), lung 

cancer (LC) and breast cancer (BC) survival, respectively325. Similarly, low rankings were 

reported for 5-year conditional survival of patients who had survival at least 1 year after 

diagnosis, a crude proxy for patients with less-advanced disease with greater potential for 

curative disease325,326.  

Prevalence of comorbidity and frailty in older cancer patients are poor prognostic factors that 

should be assessed independently 327 as they are also associated with lower surgery rates in 

the elderly47,121. Poor cancer survival has been linked to increased comorbidities in 

reviews328,329 and within observational studies of BC330, LC331 and CRC332. In the older 

surgically treated populations with a mean age of 75 years, frailty has been shown to be an 

independent prognostic factor for post-operative mortality, complications, prolonged length 

of stay and discharge to residential care facility54. Frailty is associated with worse short- and 

long-term survival in various surgical populations333. Building on the findings from the 

previous chapter, the primary aim of the project presented in this chapter is to link data from 
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the Northern Ireland cancer registry (NICR) and NI Longitudinal Study (NILS) in order to better 

assess the relationship between age and survival, adjusting for multiple sources of 

confounding (i.e., disease stage at diagnosis, frailty, comorbidity and deprivation at patient 

level) to quantify UT in older LC, BC and CRC patients, using the g-computation method62. 

This record-linkage study will capitalise on self-reported morbidities and frailty markers 

derived from the 2011 Census data (via NILS) mitigating, at least to some extent, the  

incompleteness of performance status (PS) when this is poorly recorded in NI BC (0%) and 

CRC (3%) patients334. Self-reported health status (SRHS) is widely considered a reliable, 

subjective measure for assessing health of individual335–337, since it predicts morbidity and 

mortality well338. It has been used in cancer research to improve the prediction of treatment 

receipt339 and outcomes340. After adjustment for comorbidity and stage, SRHS predicts lower 

odds of surgery32, radiotherapy339 and chemotherapy339  in older cancer patients.  

Previous studies have outlined the potential for UT by comparing age-specific treatment 

rates and survival in separate analysis. None has assessed UT as preventable cancer-specific 

mortality in older patients due to lower clinically-specific treatment rates and none has 

adopted a causal-inference methodological approach (see chapter 5). Moreover, this study 

pioneers the use of SRHS derived from the Census to quantify UT. 

 

 

8.2 Study aims and objectives 

This study aims to establish a retrospective cohort of NSCLC, CRC and BC patients diagnosed 

between 2011 and 2015 in N. Ireland and linked to NILS for demographic and clinical factors 

to quantify how much of the lower survival in older patients with these cancers is mediated 

through lower treatment rates in the elderly patients, after adjusting for clinical and 

demographic factors, using the g-computation formula. 
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8.2.1 Specific objectives were to: 

1. Discuss the data acquisition, ethical approval, and access to the linked datasets  

2. Report the demographic and clinical characteristics of the three cancer cohorts 

between 2011 and 2015 by age group (<75 and ≥75).  

3. Explore the relationship between treatment receipt and clinical/demographic 

factors.    

4. Explore the relationship between survival and treatment receipt, and 

clinical/demographic factors.  

5. Estimate the Total Causal Effect (TCE), the Natural Indirect Effect (NIE), and the 

Natural Direct Effect (NDE) of age on survival mediated through treatment. The NIE 

will identify UT by estimating the difference in older adults’ survival when given the 

clinically-specific treatment rates of the young compared to the clinically-specific 

treatment rates of the old.  

6. Perform a sensitivity analysis on the impact of omitting clinical factors (i.e., cancer 

stage, frailty and comorbidities) or miss-specifying their role as a regular rather than 

intermediate confounder. 

 

8.3 Data sources 

8.3.1 Northern Ireland Longitudinal Study (NILS) 

The Northern Ireland Longitudinal Study (NILS) is a population-based linkage study 

established in 2006 with the aim of providing a mechanism for understanding population 

health dynamics across NI. It comprises an extensive dataset, which provides a 

representative overview of the demographic characteristics of the NI population341, and is 

modelled on the Longitudinal Study (LS) - Office for National Statistics for England and 

Wales341. The NILS population represents approximately 500,000 individuals (28% of the NI 

population) with one of 104 pre-assigned date of births within the centralised Northern 
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Ireland Health Card registration system341 through the National Health Application and 

Infrastructure Services (NHAIS). The NILS is a result of the linkage of data from the NI Health 

Card registration system to decennial Census information from 1981 to 2011, as well as life 

events - such as births, marriages, deaths, adoptions and civil partnerships - from the General 

Registration Office for NI (GRO-NI) (see Figure 8.1). It should be noted that in NI, registration 

for a health card, managed by the Business Services Organisation (BSO) of the Department 

of Health NI, is a requirement in order to be entitled to free health and social care services. 

Thus, almost 100% of the entitled people are contained in the Health Card registration 

system. The BSO was established to offer cost-effective and quality business services to the 

Health and Social Care sector in NI. The BSO also receives constant updates on vital events 

from the GRO. 

Although, the NILS contains basic demographic information (date of birth, gender and 

residence) from the health card registration system, the majority of the cohort’s information 

fields are derived from the census record.  The census records are utilised to enrich the 

demographic information of the studied population. In the UK, the census occurs every 

decade and is considered representative of the population as participation is compulsory. 
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Figure 8.1: Structure of the NILS; relationship between the health card registrations, census and 
vital events records (source: NISRA342). 

8.3.2 Census data from NILS 

The NILS data dictionary was used to select the required variables for inclusion. The 

dictionary, which is available on the NILS-RSU website343, lists the variables that can be 

requested from the NILS with descriptions, field values and level of restriction.  Since the 

decision to treat a cancer patient is influenced by disease stage at diagnosis, comorbidity and 

frailty, these factors, or proxies, were from the NICR and NILS datasets. The NICR provided 

detailed information on the cancer such as stage, treatment, patient comorbidity and frailty 

(ECOG performance status was only available for lung patients and was 63% complete).  

The NILS dataset included SRHS information – originating from Questions (Q) 23-24 of the 

2011 census and specific conditions could act as proxy variables for frailty and (see Appendix 

8.1):  
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Q23 of the census: Do you have any of the following conditions which have lasted, or are 

expected to last 12 months?  

Respondents were asked if they had experienced the ten specific conditions and an option 

to report ‘other condition’ and ‘no condition’. Chronic illness, mental health, memory loss, 

long-term pain, and breathing difficulty were identified as relevant comorbidities that might 

contraindicate receipt of cancer treatment. A proxy for frailty was identified in a condition 

described as ‘A mobility or dexterity difficulty (a condition that substantially limits one or 

more basic physical activities such as walking, climbing stairs, lifting or carrying)’. This proxy 

for frailty could potentially work in BC and CRC since performance status (ECOG) is poorly 

recorded in NICR (see above).  

Q24 of the census: How is your health in general?  

This question had a five-option answer ranging from very good to very bad health. This 

question was considered highly subjective, quite unspecific and therefore difficult to 

interpret, especially since no time frame is specified. Its distribution across age groups 

revealed paradoxical patterns, as older patients had ‘better’ overall health than young (see 

Table 8.1a-c). Therefore, this variable was considered unsuitable as a proxy for frailty or 

comorbidity in the cancer population.   

Individual level socio-economic indicators were requested and used for adjustment in the 

analysis, however the requested ethnicity and migration information was not used due to 

very low numbers of these minority groups in the cancer patient population.  

8.3.3 Northern Ireland Cancer Registry (NICR) 

The Northern Ireland Cancer Registry (NICR) was established in May 1994 according to an 

agreement between the Department of Health & Social Services, N. Ireland and Queen’s 

University Belfast (QUB). It is responsible for producing population-based official statistics on 
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the incidence, prevalence and survival rates for cancer in NI. This information is vital for 

monitoring, planning and evaluating cancer prevention and treatment services in NI. Chapter 

4 offered a brief overview of NICR including its data sources and methods of operation, 

including data security and data access procedures.  

 

8.4 Linking and gaining access to the datasets 

8.4.1 NILS application 

An application form is required to gain access to NILS data. Researchers provided aims, 

justification for the proposed study, relevance to NILS and Health and Social Care, a 

description of the study population, a complete list of variables to be extracted with 

justification, and identified the datasets to be linked. As this project required the linkage of 

individual level data from NICR, a list and description of NICR variables with justifications was 

provided. In addition, a sample size calculation, a feasibility assessment of linking the 

datasets, a description of the legal framework, which governs the use of individual-level data, 

were detailed in the application form. Appendix 8.2.1 contains a copy of the final NILS 

application. 

8.4.2 NICR application 

Similarly, to gain access to the NICR database, two application forms200 were completed as 

previously discussed in chapter 4 (section 4.4.2.3).   

8.4.2.1 Letter of Support 

For the approval of a distinct-linkage project (DLP), a letter of support was necessary from 

the data custodian of the external dataset (NICR) that would be subsequently linked to the 

NILS dataset. A letter of support was granted by Dr Anna Gavin, the director of the NICR, on 

7th March 2017 (see Appendix 8.2.2). 
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8.4.3 NILS Research Approval Group (RAG) 

All NILS applications are approved by the NILS Research Approval Group (RAG). The RAG 

comprises of representatives from the Department of Health, the BSO, Health and Social Care 

Research and Development Division of the Public Health Agency (HSC R&D Division), 

academia and NISRA, who meet bimonthly to discuss and assess research proposals. The NILS 

application and letter of support from NICR were submitted to the RAG for their meeting on 

21st March 2017 and gained a favourable outcome. 

8.4.4 Ethics, accreditation and security processes 

The core NILS datasets are covered by a blanket agreement under which ethical approval has 

been pre-approved for all research on inequality, migration, mortality and fertility. 

Consequently, this project was exempted from ethical approval application from the Office 

for Research Ethics Committees Northern Ireland (ORECNI). However, a ‘Notice of Substantial 

Amendment’ form was required, completed, and forwarded to the NILS-Research Support 

Unit (RSU) for authorisation within NISRA, before being submitted, along with the approved 

project application form, to an ORECNI Sub-Committee. A favourable ethical opinion was 

returned on 28th June 2018.  

8.4.5 Approved Researcher Status  

A number of accreditation and security processes must be completed before being granted 

access to work on data for an approved research project within the NISRA secure 

environment.  

Firstly, an Approved Researcher Status (ARS) must be granted demonstrating sufficient 

experience of handling potentially sensitive data, professionalism and technical competence 

to conduct research on potentially disclosive personal information. As a postgraduate 

student with limited experience, only a provisional ARS was granted for two years, after the 

institutional (QUB) guarantor’s attestation was provided.    
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Secondly, an Access NI security check was required, which is a criminal record check. The 

application, which cost £26, was completed online 

(https://www.nidirect.gov.uk/services/apply-online-basic-check), the basic disclosure 

certificate, received on 22nd March 2017, was forwarded to NILS RSU. 

Thirdly, a one-day course (Safe Users of Research Data Environment [SURE]), delivered by a 

member of the Administrative Data Research Network (ADRN) staff, is necessary before 

accessing confidential data. The training, attended on 5th April 2017, provided an overview 

of the legal regulations binding upon researchers working within the NISRA secure 

environment, guidelines, statistical disclosure control, and potential sanctions upon violation 

of regulations. At the end of the course, a written examination was taken and a favourable 

outcome received on 18th May 2017, which remained valid for a period of two years.  A 

second round of the same training, to renew access into the safe setting, was completed on 

9th April 2019. 

8.4.6 Data access agreement (DAA)  

Two data access agreements (DAAs) were completed to govern the movement of potentially 

identifiable information between the NICR, BSO and NISRA. A DAA between QUB and the 

BSO was drafted on behalf of the chief investigator. The agreement, made on 2nd November 

2017, allows the University data - NICR variables - to be transferred to the BSO and includes 

measures to prevent disclosure of potentially identifiable information, and manage data 

retention and data destruction process. The arrangement was necessary for the purposes of 

encryption, transfer to BSO, linkage of NICR Health and Care Number (HCN) to BSO patient 

identification number, and onward transfer of patient-level data to NILS for linkage by BSO 

patient identification number. A separate DAA was required for the latter step between the 

BSO and NILS. 

 

https://www.nidirect.gov.uk/services/apply-online-basic-check
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8.4.7 Data-transfer 

Following the strict confidentiality procedures at the NICR (https://www.qub.ac.uk/research-

centres/nicr/), the NICR dataset comprising variables detailed on the NILS application and 

DAA were prepared.  The NICR IT manager added the HCN before transferring the dataset to 

BSO via a one-way encryption process. The BSO linked the NICR using the HCN to an internal 

BSO patient identification (i.e., BSO_ID), dropped the HCN before passing the dataset to the 

NILS. This dataset was then transferred via a Secure File Transfer Process (SFTP) to NILS in 

NISRA for linkage to the census data with previously linked information from GRO, using the 

BSO_ID available on both datasets, monitored by BSO staff. The BSO_ID was then removed 

from the final datasets to ensure researchers only had access to the approved list of variables 

with their corresponding NILS identification. A Project Agreement form was signed by each 

researcher named on the NILS project application form to confirm that the statutory and 

regulatory rules relating to data protection and privacy were adhered to. 

 

8.5 Materials and methods 

8.5.1 Study patient cohort 

Patients registered as diagnosed from 2011-2015 by the NICR with: 

 Non–small cell lung cancer (NSCLC; ICD-10204 topographic code C33-C34 and lacking 

ICD-0 morphology codes indicative of small cell lung cancer - M8041/3, M-8042/3, 

M-8043/3, M-8044/3, M-8045/3) were included in the study.  

 Colorectal cancer (CRC; ICD-10204 topographic code C18-21).   

 Female breast cancer (BC; ICD-10204 topographic code C50 and excluding males) 

NICR registration practices are described elsewhere309, and summarised in chapter 4. The 

quality of NICR data is also high and complete344. 

https://www.qub.ac.uk/research-centres/nicr/
https://www.qub.ac.uk/research-centres/nicr/
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8.5.2 Patient characteristic and variables of interest 

8.5.2.1 NICR variables 

Disease was staged according to TNM205 by the NICR Tumour Verification Officers who 

combined information from multiple sources: pathology reports, a clinical oncology 

information system (COIS), MDTs, and radiography reports. Stage was categorised as 1, 2, 3, 

4 or missing. Patients were defined as having had surgery if inpatient hospital episode records 

in the Patient Administration System (PAS) captured potentially curative surgery procedures 

(i.e. OPCS codes, as compiled by the Thames Cancer Registry). Radiotherapy episode 

information was downloaded from the radiotherapy machine Area System in Belfast City 

Hospital Cancer Centre, which delivered all radiotherapy treatment to NI lung cancer patients 

in the time-period of the study (there was no radiotherapy treatment information available 

for CRC and BC). Chemotherapy and hormone treatments were captured in PAS inpatient 

hospital episodes. As in the previous chapters, eligible treatment episodes were restricted to 

the period from 3 months before diagnosis to 6 months after (known as the ‘treatment 

period); to increase the likelihood of identifying the patients’ primary tumour directed 

treatment. Each patient was assigned a single curative treatment according to the following 

rank (and information availability): surgery, radiotherapy, chemotherapy, hormone (BC), and 

no treatment. For BC, chemotherapy information was not used due to low numbers of 

observations in the older cohort leading to potentially identifiable information, and patients 

were assigned to either hormone or no treatment. 

8.5.2.2 NILS variables 

Patients were assigned to a deprivation quintile based on the Census 2011 - National 

Statistics Socio-Economic Condition, where quintile 5 is the most deprived and 1 the least 

deprived. Age at diagnosis was categorised into two groups: (<75) and old (≥75). Mobility 

difficulty in Q23 of the Census 2011 (see above), a proxy measure for performance status 

(PS), was a ‘yes’ or ‘no’ variable. The general health question (Q24 i.e. How is your health in 
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general?) with no specified time period, was also assessed for suitability as a proxy for PS; 

where health status (HS) 1 is defined as ‘very good health’ and 5 as ‘very bad health’, but was 

excluded from the mediation analysis as older patients had ‘better’ overall health than young 

(see Table 8.1a-c). A patient was flagged as having comorbidities (i.e. chronic illness, mental 

health issue (such as depression or schizophrenia), memory loss, long-term pain or breathing 

difficulty) if the person indicated having a condition which have lasted, or expected to last, 

at least 12 months (these are other components of Q23).  

8.5.3 Establishing the cohort 

The main, individual, electronic extracts of NSCLC, CRC and BC of patients diagnosed between 

2011 and 2015 was compiled in the NICR, with 2016 vital status information from the GRO, 

making approximately 18,300 patients. Treatment information on surgery, chemotherapy 

and hormone was merged in from PAS records using internal NICR patient and tumour 

identifiers. Radiotherapy data from an extract from the Area system was merged in likewise. 

Death information from the GRO was linked to NICR data using a standard probabilistic 

algorithm employing name and demographic details. Patients whose basis of diagnosis was 

by death certificate or post-mortem, and male breast cancer incidence were excluded.  

8.5.4 Cleaning and linking the raw datasets 

Three research datasets for each cancer site were made available in the NISRA safe 

environment on 18th November 2018 in text format files, along with five NILS files namely, 

census, migration, events, deaths statistics and death detailed. These files were manipulated 

and linked to the cancer files using Stata. Information of patient demographics and health 

status were linked from the 486,616 census file. Four male observations were removed from 

the BC cohort. For NSCLC and CRC, 1 and 6 subjects, respectively did not have information 

on SES and were thus removed. The final linked-records retained 1,649 NSCLC, 1,673 CRC and 
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1,799 BC patients diagnosed between 2011 and 2015 who returned census form in the 2011 

NI Census (see Figure 8.2). 

A number of consistency checks were performed to check the accuracy of the patient 

information contained in the final dataset. Firstly, successful merging was confirmed by 

reconciling the number of merged observations with the number of observations in the 

cancer files as presented in the Stata output. Secondly, twenty randomly selected 

observations were manually checked to ensure successful merging of their correct 

information in the final dataset from each of the constituent datasets. Thirdly, a number 

cross-tabulation of individual variables was conducted to assess the extent of missing data, 

and ascertain that only women (for breast cancer only) were included and to confirm that 

cancer patients diagnosed between 2011 and 2015 were included within the final datasets. 

 
Figure 8.2: A flowchart outlining the formation of the lung, colorectal and breast cohorts used in 
this study. The initial (100%) NI Cancer Registry dataset was linked to the 28% NI Longitudinal 
Study cohorts. 
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8.5.5 Statistical analysis 

Firstly, univariate associations of categorical demographic and clinical characteristics with 

age group (young and older) were tested using chi-square test (Tables 8.1a-c). In order to 

better understand the g-computation analysis (see below), exploratory analysis was 

performed to assess the distribution of treatment modalities by clinical factors using 

multinomial logistic model (Table 8.2a-c). Likewise, logistic regression was used to relate one-

year observed survival to patient’s demographic and clinical factors (including treatment), 

including age groups (Table 8.3a-c). One-year observed survival was determined from the 

date of diagnosis and death (death information from General Register Office NI is linked 

annually, with a negligible ‘lost-to-follow-up’ proportion of 0.4%), i.e. if patients were alive 

(=1) one-year after diagnosis. Multiple chained equations207 were used to impute stage 

information allowing the study to proceed on a population-basis, mitigating potential 

sampling-biases. Data on gender, age, year of diagnosis, treatment, deprivation, survival and 

comorbidities were used in the following command to impute the data, making 5 imputation 

datasets: 

The data imputation models was performed separately by age group in order to capture any 

interactions between age group and stage. 
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8.5.6 G-computation formula 

A description of the g-computation method is given in chapters 6.  

To quantify UT, this chapter employed the same approach to quantify UT in a population of 

NSCLC patients as that offered in chapter 7. The same DAG (shown in Figure 7.2) representing 

the causal pathways used in identifying UT is adopted but with a slight change to the 

definition of the intermediate confounders (L) and treatment modalities (M) varied by cancer 

sites. The variables involved in this chapter are described below:  

 The exposure (X) is age group: young (<75 years of age) and old (≥75).  

 The outcome (Y) is observed survival at 1-year taken as a binary [0,1] variable  

 The mediator (M) was either a four or three category treatment modality, 

representing the considered ‘most curative’ treatment that the patient received, in 

the following rank-order: surgery, radiotherapy, chemotherapy, and no therapy for 

NSCLC; surgery, chemotherapy and no therapy for CRC and surgery, hormone 

therapy and no therapy for BC. 

 The confounders (C) were gender and socio-economic status.  

 The intermediate confounders (L) were stage, mobility difficulty and comorbidities 

A representative Stata syntax is displayed in Figure 8.3, which produces similar output to the 

one presented in figures 7.4a-c (Chapter 7). Explanation of the variable codes have been 

given in the imputation model above (Section 8.5.5). 
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Figure 8.3: an example of the gformula Stata command used to perform the mediation analysis – 
all linear effects. The main variables are listed after gformula followed by the specification of the 
outcome, exposure, mediator, confounders of the exposure-outcome relationship and confounders 
of the mediator-outcome relationship. Commands (i.e., mlogit and logit) were used to fit the 
parametric models, mediation specifies that the analysis is a mediation analysis, seed sets the 
random-numbers seed used in stochastic simulation, samples specifies the number of bootstrap 
samples, while obe stipulates that there is only one binary exposure and that the comparisons 
should be made between X=1 (≥75) and X=0 (<75), equations specifies the equations used to fit the 
outcome, mediator and the post-baseline or intermediate confounders of the mediator-outcome 
relationship that are affected by the exposure. impute details the variables that contain missing 
observations to be imputed via the method of single stochastic imputation using chained 
equations62.  

 

8.6 Results 

8.6.1 Patients characteristics 

Tables 8.1a-c present the NSCLC (n=1,649), CRC (n=1,673) and BC (n=1,799) patient study 

cohorts, after those with missing deprivation (for NSCLC & CRC) and male BC were removed; 

of these about 40% were aged 75 and over for NSCLS and CRC, but 22.5% for BC. Missing 

stage data was higher in the elderly (>20%) compared to young (<9%). For lung cancer, 

mobility difficulty (i.e., PS), mental health issues (such as depression or schizophrenia), and 

memory loss were significantly associated with age (P<0.05). For lung cancer, the 

distributions of gender, deprivation, stage (ignoring the missing records), chronic illness, 

breathing difficulty, and long-term pain were similar between younger and older patients 

(P>0.05; Table 8.1a). For CRC and BC, the distributions of all the demographic and clinical 

characteristics were significantly associated with age (P<0.05; Tables 8.1b-c).  
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8.6.2 Treatment received  

NSCLC: the most frequent treatments received were radiotherapy (19.5%), chemotherapy 

(16.6%), surgery (11.6%), and no treatment (52.3%). Older patients were less likely to receive 

surgery (5.4% vs. 16.0%), radiotherapy (17.0% vs. 21.2%), and chemotherapy (5.7% vs. 24.1%) 

than younger patients, and much more likely to receive no treatment (72.0% vs. 38.8%) (Chi-

square association, P<0.001, Table 8.1a); in a [multinomial logistic regression] adjusted 

analysis, old age was negatively associated with receipt of surgery (OR 0.19, 95% confidence 

interval [CI] 0.12-0.30) and chemotherapy (OR 0.18, 95% CI 0.12-0.26) [Table 8.2a]. Relative 

to stage 1 patients, surgery receipt in stage 2 patients (P=0.332) was similar, but significantly 

lower (p<0.001) in stages 3 and 4. Both radiotherapy and chemotherapy receipt were higher 

in stages 3-4 relative to Stage 1 (P<0.001). HS and mobility were not associated with 

treatment receipt (P>0.05). The presence of breathing difficulty showed a negative 

association with surgery.  The memory loss had a negative association with radiotherapy. 

Long-term pain was positively associated with radiotherapy receipt (OR 1.51, 95% CI 1.10-

2.07).  

CRC: the most frequent treatments received were surgery (73.0%), and chemotherapy 

(5.9%), and no treatment (21.0%).  Older patients were less likely to receive surgery (62.1% 

vs. 80.4%), and chemotherapy (2.2% vs. 8.4%) than younger patients, and more likely to 

receive no treatment (35.7% vs. 11.2%) (Chi-square comparing treatment distribution, 

P<0.001, Table 8.2b); in an adjusted analysis, older age was negatively associated with receipt 

of surgery (OR 0.46, 95% CI 0.35-0.61) and chemotherapy (OR 0.20, 95% CI 0.11-0.37) [Table 

8.2b]. Relative to stage 1 patients, surgery receipt was lower in stage 4 patients (P<0.001). 

Receipt of chemotherapy was greatly increased in Stages 3 and 4 patients (p<0.05). Poorer 

mobility was inversely associated with receipt of surgery (OR 0.69 95% CI 0.49 – 0.98). 

However, HS and the presence of comorbidities were not associated with treatment receipt 

(p>0.05).  
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BC: the most frequent curative treatment categories received were surgery (80.2%), 

hormone (12.7%) and no treatment (2.5%). Older patients were less likely to receive surgery 

(58.8% vs. 86.4%) than younger patients, but more likely to receive hormone therapy (33.8% 

vs. 6.5%) and no treatment (5.4% vs. 1.6%) (Chi-square comparing treatment distribution, 

P<0.001, Table 8.1c); in the adjusted analysis, older age was negatively associated with 

receipt of surgery (OR 0.32, 95% CI 0.22-0.44), but positively associated with hormone (OR 

4.90, 95% CI 3.37-7.13) [Table 8.2c]. Relative to stage 1 patient, surgery receipt was lower in 

stage 3 and 4 patients (P<0.01). Receipt of hormone therapy was greatly increased in Stage 

4 patients (OR 9.59 95% CI 6.64 – 16-30). Poorer mobility was positively associated with 

receipt of hormone therapy (OR 1.82 95% CI 1.13 – 2.94). HS and comorbidities were not 

associated with treatment receipt.  

8.6.3 Survival 

NSCLC: thirty-four percent of NSCLC patients in the study survived for at least one year, with 

a significant difference (-15.5%, p<0.001, Table 8.1a) between the older patients (24.3%) and 

the younger (39.8%) — an association that persisted in the adjusted analysis (OR 0.63, 95% 

CI 0.47-0.84, P=0.001, Table 8.3a). One-year survival was inversely associated (P<0.05) with 

Stages 3 and 4 (relative to stage 1) and ‘very bad’ HS (P<0.05 - relative to ‘very good’ HS). 

Mobility and comorbidities were not associated with 1-year survival.  

CRC: seventy-eight percent of CRC patients survived for at least one year, with a significant 

difference (-24.2%, p<0.001, Table 8.1b) between the older patients (63.4%) and the young 

(87.6%) — an association that persisted in the adjusted analysis (OR 0.34, 95% CI 0.24-0.48, 

P<0.001, Table 8.3b). Relative to stage 1 patients, stages 3 and 4 were inversely associated 

(P<0.05) with 1-year survival. Poorer mobility, HS, and comorbidities did not affect 1-year 

survival. 
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BC: ninety-five percent of BC patients survived for at least one year, with a significant 

difference (-11.4%, p<0.001, Table 8.1c) between the older patients (85.7%) and the young 

(97.1%)—an association that persisted in the adjusted analysis (OR 0.26, 95% CI 0.14-0.49, 

P<0.001, Table 8.3c). Relative to stage 1 patients, stages 2 (in the older), 3 and 4 were 

inversely associated (P<0.05) with 1-year survival. Poorer mobility, but not HS or 

comorbidities, was positively associated with 1-year survival (P<0.05). 

8.6.4 Mediation analysis 

NSCLC: Comparing old (≥75) to young (<75), the overall finding was that the TCE of the 

reduced model (significant main effects only) was -14.6% (95% CI -19.9% — -9.2%), which 

was partitioned into the NDE (-7.0%; 95% CI -12.6% — -1.3%) and the NIE (-7.6%; 95% CI -

11.5% — -3.7%) (Table 8.4a). Approximately 52.1% of the deficit in survival (7.6%/14.6%) 

between older and younger patients could be attributed to UT (NIE).  

CRC: Comparing older (≥75) to younger (<75) patients, the overall finding was that the TCE 

of the reduced model (significant main effects only) was -23.6% (95% CI -28.7% — -18.4%), 

which was partitioned into the NDE (-14.0%; 95% CI -19.2% — -8.7%) and the NIE (-9.6%; 95% 

CI -13.4% — -6.8%) (Table 8.4b). Approximately 40.7% of the deficit in survival (9.6%/23.6%) 

between older and younger patients could be attributed to UT (NIE).  

BC: Comparing older (≥75) to younger (<75) patients, the overall finding was that the TCE of 

the reduced model (significant main effects only) was -10.1% (95% CI -14.0% — -6.1%), which 

was partitioned into the NDE (-9.3%; 95% CI -16.0% — -3.7%) and the NIE (-0.7%; 95% CI -

6.1% — 3.6%) (Table 8.4c). Only 6.9% of the deficit in survival (0.7%/10.1%) between old and 

young patients was mediated through treatment (NIE), and was not significantly different 

from zero.  



 

Page | 191  

8.6.4.1 Sensitivity analysis 

Table 8.4a-c presents sensitivity analyses, for the three cancer sites, of various mediation 

models where the definition of younger and older patient outcomes were varied, and when 

clinical variables were individually either omitted or treated as base confounders. 

Considering the size of the estimates’ CI, the models including interactions with age did not 

substantially alter findings. A smaller but significant NIE (-6.8%, 95% CI -10.3% — -1.4%) was 

observed for CRC for 2-year survival (Table 8.4b). The NIE (-0.5%, 95% CI -4.3% — 3.4%) and 

(-2.5%, 95% CI -2.7% — 8.7%) - for LC and BC respectively - for 2-year survival was not 

significant for the smaller cohort of patients with requisite follow-up (Table 8.4a & b).  

Omitting the clinical variables in turn from the analysis increased the NIE for all the three 

cancer sites. For BC, the effect of omitting stage generated a greater and significant NIE (-

3.6%, 95% CI -6.4% — -0.8%), while the estimates for mobility difficulty and comorbidity 

remained insignificant.  

Treating the clinical variables as base confounders rather than intermediate confounders 

resulted in different impacts for the three cancer sites; however, the estimate for NIE 

remained insignificant for BC. For LC, the NIE estimate increased for all the clinical variables, 

while an increase was only observed for mobility difficulty for CRC. Further consideration is 

required to interpret the sensitivity analysis results. 
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8.7 Discussion 

8.7.1 Main findings 

This study found that between 2011 and 2015 in Northern Ireland – after accounting for sex 

and deprivation – the 1-year survival of older NSCLC, CRC and BC patients was lower than 

that of younger patients by 14.6%, 23.6% and 10.1%, respectively. About 52.1% and 40.7% 

of the survival deficits in NSCLC and CRC, respectively, were attributed to UT. Therefore, of 

every 100 older patients, an extra 8 older NSCLC and 10 CRC patients would be alive at one 

year had they received the clinically-specific treatment rates of the younger patients. There 

was no substantial evidence to suggest UT in older BC patients. 

8.7.2 Implication for policy and practice 

Cancer outcomes in the UK, particularly in the older cohort, are poorer than in other high-

income countries39. Potential UT has been suggested as a contributory cause in the literature. 

For instance, a publication by the National Cancer Intelligence Network (NCIN) reported that 

for thirteen cancer types, “older patients were less likely to have had surgery, and this decline 

often started from the youngest age group”324. Disparity in treatment rates cannot typically 

be explained by differences in tumour characteristics250, comorbidity249, and patient choice 

or poor health32. Also, stage-specific treatment rates14 and survival15,40 are lower in the UK 

than in other countries with similar health spend and cancer registration practices. In 

common with other countries, the UK is treating an increasingly older population, which is 

set to increase and constitute a majority by 203522. The results of this study suggest UT is 

affecting older patient’s survival, which should provide stronger evidence for a dialogue with 

clinicians about treatment decision-making processes regarding older patients, and reinforce 

calls for more in-depth and consistently applied geriatric assessment. This study should also 

stimulate better collection of data on clinical factors used in clinical decision-making at the 

MDT, and those captured by hospital IT systems.   
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8.7.3 Comparison with other studies  

As already stated in chapter 5 and 7, previous studies have demonstrated potential for UT by 

assessing treatment rates and survival estimates in the same patient, though in separate 

analysis. Acknowledging this limitation, these results nevertheless are compatible with 

population-based studies that compare older with younger patients having NSCLC, CRC and 

BC. Older patients had lower clinically adjusted treatment rates5,32,50, and survival108,224.  

8.7.4 Comparison of NSCLC result with Chapter 7 findings 

NSCLC: Comparing old (≥75) to young (<75), the overall finding was that the TCE of the 

reduced model (significant main effects only) was -14.6% (95% CI -19.9% — -9.2%), which 

was partitioned into the NDE (-7.0%; 95% CI -12.6% — -1.3%) and the NIE (-7.6%; 95% CI -

11.5% — -3.7%) (Table 8.4a). Approximately 52.1% of the difference in survival (7.6/14.6) 

between older and younger patients could be attributed to UT.  

This study pioneered the use of SRHS morbidities and frailty markers derived from the Census 

to quantify UT in a single g-computation mediation analysis. Through the use of the NILS 

census data, a similar reduced 1-year survival (14.6% vs 14.1%, TCE) was observed in the 

older NSCLC patients in this study compared with the findings in chapter 7, respectively. 

However, the decomposition of the TCE into NIE and NDE did not produce similar results. In 

this study, an extra 4% of the survival deficit was attributed to UT, which could have occurred 

for various reasons:  

1) Although the distribution of mobility difficulty (NILS) and PS (NICR) differed significantly 

between younger and older, poorer PS predicted lower odds of treatment receipt and 1-year 

survival in Chapter 7, whereas no such effect was observed for poor mobility difficulty in this 

study. 

2) The types of comorbidity obtained from the Census data differ from the ones used in 

Chapter 7 - obtained from the Patients Administrative system (PAS).  
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For instance, breathing difficulty, a dichotomised variable, was the closest measure of lung 

function. Although memory loss may have served as an appropriate substitute for dementia, 

which has been shown to reduce cancer treatment receipt345, its distribution, among younger 

and older patients, may not be entirely accurate346, perhaps due to the subjective nature of 

responses to the health survey.  

3) The SRHS from the Census did not affect treatment receipt. 

SRHS is widely used as proxy for health status335 since it predicts morbidity and mortality 

well338, and many studies have reported its suitability in cancer settings. For instance, 

functional status - measured from a survey on activity of daily living among the elderly347 - 

predicted lower odds of surgery in BC patients with poorer functioning status32,250. Besides 

comorbidity and tumour characteristics, other reports339,348 adjusted for SRHS, employing the 

physical function domain of the Short Form 36 survey349, Mandelblatt et al.,339 found that 

breast cancer patients aged 80 and over were less likely to receive breast-conserving surgery 

and radiotherapy combined and chemotherapy than women aged 67-79. Silliman et al.,348 

reported that those aged 65-74 years had higher odds of receiving ‘definitive primary tumour 

therapy’ than women aged 75 years and over.  

However, perhaps the period between the Census survey and cancer diagnosis and/or 

treatment, could have played an important role in the differences observed. Particularly, in 

chapter 7 a patient’s PS is captured by data from the Multidisciplinary Team Meetings and a 

patient is flagged as having comorbidity at diagnosis if their episode was dated within 12 

months before diagnosis to three months afterward’. In this study, mobility difficulty and 

comorbidities were indicated in patients “having a condition which have lasted, or expected 

to last, at least 12 months.” The Census survey was conducted in 2011, which makes it 

incomparable with the criteria used in chapter 7, and thereby raises questions about the 

ability of SRHS to directly proxy for clinical profile at clinical decision making around 
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treatment receipt, particularly in patients diagnosed long after 2011. Moreover, other 

studies using SRHS to determine treatment receipt and other-cause mortality, conducted 

their surveys at 2 months before cancer diagnosis339, 6 months after initial diagnosis340, or 

interviewed patients within an average of 4.5 months after definitive surgery348. 

8.7.5 Interpretation of results 

This study successfully replicated the causal mediation method (used in Chapter 7), 

pioneered the quantification of UT in older adult colorectal, and breast cancer patients in a 

single-analysis. Although SRHS was used, since PS is not routinely collected in CaPPS/MDT 

meetings for CRC and BC patients in NI230, this unprecedented record-linkage study could 

pave the way for future linkage of the cancer registry data to other and better administrative 

data for adequate confounding control.   

The findings in this study suggest that older NSCLC patients were more likely to be under-

treated than older CRC and BC patients, as 56.8% of the TCE was attributed to UT for NSCLC, 

compared with 36.4% for CRC, and no such proportion was observed for BC.  

Various factors affect the clinical-decision making processes for lung cancer treatment. 

Besides cancer stage, comorbidity and PS, there is also consideration of lung function, which 

is generally poorer in older patients linked to longer periods of smoking. The complexity of 

conducting lung resection or utilising radiotherapy will also play a role in considering older 

patients for curative treatment. Older lung cancer patients are more likely to be given 

palliative treatment, and have less access to optimal treatment, as opposed to BC where 

surgical treatment, for instance, is less invasive and older BC patients are often 

recommended for mastectomy in place of breast conserving surgery.   

8.7.6 Strengths and limitations  

The causal inference mediation technique requires that the analysis be carried out at the 

individual level adjusted for all confounders in order that causality can be inferred from the 
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results (like in a randomised trial). Although the quality of staging information in NICR has 

increased to acceptable levels in the last decade203, performance status data is not routinely 

collected for both CRC and BC. Therefore, the record-linkage of a population-based (i.e. NICR) 

dataset to the census (i.e. NILS) dataset allowed the analysis to continue at an individual level 

and to potentially adjust for relevant confounding such as morbidity350, frailty54, which have 

been shown to contra-indicate treatment receipt.  

The study cohort was highly representative of the NI population as it was based on a random 

sample of the population enumerated in the Census. Structurally, the NILS is similar to the 

Office for National Statistics Longitudinal Study, which covers 1% of the population of 

England and Wales and the Scottish Longitudinal Study - representing 6.3% of the Scottish 

population. Proportionally, it is the largest longitudinal study in the UK including 28% of the 

NI population and roughly covering about 50% of Northern Irish households342. However, the 

record-linkage to NILS produced a considerably smaller sample size of patients with cancer 

for this study. In addition, chemotherapy had to be dropped from treatment modality for BC, 

due to non-disclosure policy at NISRA requiring cell counts of an output to be ≥10.  

A few misunderstandings were made when completing the NILS application form ‘Section C1’ 

(see Appendix 8.2.1) and the DAA between the BSO and NISRA, perhaps because this is an 

infrequent linkage of the NICR data with the NILS. A list of individual variables to be linked 

from NICR were requested by NILS, however, it was assumed that the overarching group 

name for a set of variables, accompanied by a detailed description, was appropriate. For 

instance, “comorbidity” was included on the list of variables, with a full description that 

ICD10 codes from PAS will be brought in as potential confounders. However, the DAA, for 

transfer of data from BSO to NILS, which the QUB researchers were not privy to, was 

composed to reflect one “comorbidity” variable and this misunderstanding proved critical as 

in effect no comorbidity information from NICR was allowed to be linked. Similarly, a major 



 

Page | 197  

mistake was made by omitting PS and lung function, which are known to affect clinical 

decision-making. Therefore, it was impossible to compare between the better clinical 

information from NICR to the census information. This mistake meant that the NSCLC result 

from this study cannot entirely satisfactorily be matched with the findings in chapter 7 and 

may explain differences in findings.  

The imputation models used within the gformula in Stata may have suffered a lack of 

congeniality231 particularly for the models in gformula involving interactions, however the 

gformula command, in its current version, appeared only to accept main effects terms in the 

imputation models (see summary discussion on multiple imputation model, Section 9.3.2.4) 

8.7.7 Implications for further research  

This observational study effectively pioneered the quantification of UT in older adult CRC and 

BC patients in a single-analysis. Although SRHS was used as proxy measure of morbidities and 

frailty, since PS is not routinely collected in CaPPS/MDT meetings for CRC and BC patients in 

NI230, this unprecedented record-linkage study could pave the way for future linkage of the 

cancer registry data to other and much larger administrative data for adequate confounding 

control.   

In the hope of a linkage to a superior administrative data and rectifying the misunderstanding 

made in the NILS study application, an application was initiated to link the NI cancer registry 

data to the Administrative Data Research Centre NI (ADRC-NI) data, which facilitates 100% 

record-linkage to the Census data (as oppose the 28% sample provided by the NILS). A project 

proposal form was composed and initially submitted in August 2017 and a favourable ethical 

opinion obtained in May 2018. Unfortunately, this project was affected by the ‘Digital 

Economy Act” (2017) and could not go ahead. The implication of this remains unclear for 

potential prospective record-linkage study with the ADRC-NI. However, had it been approved 

and allowed to go ahead, it would have enhanced the outcome of this project for various 
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reasons. Firstly, had the mistakes made in the NILS application been rectified, this would have 

ensured a more complete and detailed information on both demographic and clinical 

characteristics of the patients included from the registry. This would have allowed greater 

and more pertinent covariate adjustment (e.g. PS, lung function and comorbidity) and 

ensured all potentially curative treatments were included (e.g., chemotherapy was dropped 

in BC analysis due to low cell count). Secondly, approximately 22,800 cancer records (vs 5,121 

in the current study), diagnosed between 2011 and 2016 - were proposed to be linked - which 

would have greatly enhanced the power of the study. Thirdly, sub-group or adjusted analysis 

based on ethnicity, which had been shown to affect treatment uptake4 and outcomes of 

cancer patients351, could be attempted in this study with larger sample size.  

As previously suggested in Chapter 7, replication of these causal mediation findings with 

various routinely available regional data across the UK is necessary to enable a more robust 

quantification of UT and the identification of drivers of UT. Such data could also be used to 

explore UT in the more socio-economically deprived5 patients and those from ethnic 

backgrounds4 who have lower treatment and poorer outcomes.  

 

8.8 Conclusion 

This study highlights the potential of offering more clinically-specific treatments to older 

NSCLC and CRC patients, and the need for a comprehensive assessment of these patients 

with diverse and often complex health needs and outcomes. The linkage of SRHS data 

provided information on relevant confounding factors, cannot be substituted for the relevant 

clinical factors recorded in Multidisciplinary Team Meetings (MDT). This research 

demonstrates the need for better collection of data such as performance status in 

Multidisciplinary Team Meetings. 
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Table 8.1a: Demographic and clinical characteristics for 28% of lung cancer patients in N. Ireland 
from 2011-2015 by age group (<75 or ≥75) 

 

 

Variable Values

N % N % N %

Total 977 100 672 100 1,649 100

Female 460 47.1 319 47.5 779 47.2

Male 517 52.9 353 52.5 870 52.8

0-54 93 9.5 93 5.6

54-64 299 30.6 299 18.1

65-75 585 59.9 585 35.5

≥75 672 100 672 40.8

1 (Least Deprived) 137 14.0 123 18.3 260 15.8

2 85 8.7 57 8.5 142 8.6

3 194 19.9 126 18.8 320 19.4

4 470 48.1 307 45.7 777 47.1

5 (Most deprived) 91 9.3 59 8.8 150 9.1

1 147 16.4 93 17.4 240 16.8

2 69 7.7 47 8.8 116 8.1

3 227 25.3 149 27.9 376 26.3

4 453 50.6 246 46.0 699 48.9

Stage Missing 81 8.3 137 20.4 <0.001 218 13.2

1 (Very good health) 92 9.4 32 4.8 124 7.5

2 (Good health) 258 26.4 182 27.1 440 8.0

3 (Fair health) 342 35.0 312 46.4 654 39.7

4 (Bad health) 208 21.3 110 16.4 318 19.3

5 (Very bad health) 77 7.9 36 5.4 113 6.9

No 577 59.1 330 49.1 907 55.0

Yes 400 40.9 342 50.9 742 45.0

Chronic illness 245 25.1 176 26.2 0.61 421 25.5

Mental health issue 133 13.6 26 3.9 <0.001 159 9.6

Memory loss 51 5.2 56 8.3 0.012 107 6.5

Long-term pain 321 32.8 228 33.9 0.65 549 33.3

Breathing difficulty 309 31.6 208 31.0 0.772 517 31.4

Surgery 156 16.0 36 5.4 192 11.6

Radiotherapy 207 21.2 114 17.0 321 19.5

Chemotherapy 235 24.1 38 5.7 273 16.6

No treatment 379 38.8 484 72.0 863 52.3

1-year 389 39.8 163 24.3 <0.001 552 33.5

2-year 255 26.1 107 15.9 <0.001 362 22.0

Health status <0.001

Mobility 

difficulty
<0.001

Comorbidity

Treatment <0.001

Survival

NOTE: Data are n (%).*P-value of chi-square test of association of categorical variables and age group, No 

code required, individual that had never worked. 

Age group

Deprivation 0.238

Stage (% 

recorded 

staged)

0.404

0.877

Young (<75) Older (≥75)
P-value*

Total

Gender
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Table 8.1b: Demographic and clinical characteristics for 28% of colorectal cancer patients in N. 
Ireland from 2011-2015 by age group (<75 or ≥75). 

 

Variable Values

N % N % N %

Total 1,001 100 672 100 1,673 100

Female 379 37.9 331 49.3 710 42.4

Male 622 62.1 341 50.7 963 57.6

0-54 178 17.8 178 10.6

54-64 308 30.8 308 18.4

65-75 515 51.5 515 30.8

≥75 672 100 672 40.2

1 (Least Deprived) 273 27.3 145 21.6 418 25.0

2 106 10.6 84 12.5 190 11.4

3 187 18.7 139 20.7 326 19.5

4 375 37.5 237 35.3 612 36.6

5 (Most deprived) 60 6.0 67 10.0 127 7.6

1 208 21.8 91 17.1 299 20.1

2 248 26.0 177 33.3 425 28.6

3 321 33.6 137 25.8 458 30.8

4 178 18.6 126 23.7 304 20.5

Stage Missing 46 4.6 141 21.0 <0.001 187 11.2

1: Very good health 235 23.5 76 11.3 311 18.6

2: Good health 359 35.9 213 31.7 572 34.2

3: Fair health 287 28.7 311 46.3 598 35.7

4 : bad health 98 9.8 58 8.6 156 9.3

5: Very bad health 22 2.2 14 2.1 36 2.2

No 782 78.1 391 58.2 1,173 70.1

Yes 219 21.9 281 41.8 500 29.9

Chronic illness 190 19.0 170 25.3 0.002 360 21.5

Mental health issue 79 7.9 18 2.7 <0.001 97 5.8

Memory loss 25 2.5 40 6.0 <0.001 65 3.9

Long-term pain 201 20.1 188 28.0 <0.001 389 23.3

Breathing difficulty 140 14.0 146 21.7 <0.001 286 17.1

Surgery 805 80.4 417 62.1 1,222 73.0

Chemotherapy 84 8.4 15 2.2 99 5.9

No treatment 112 11.2 240 35.7 352 21.0

1-year 877 87.6 426 63.4 <0.001 1,303 77.9

2-year 801 80.0 365 54.3 <0.001 1,166 69.7

<0.001

Young (<75) Older (≥75)
P-value*

Total

Gender

Age group <0.001

Deprivation 0.003

Stage (% 

recorded 

staged)

<0.001

Health status <0.001

Mobility 

difficulty
<0.001

Comorbidity

Treatment <0.001

Survival

NOTE: Data are n (%).*P-value of chi-square test of association of categorical variables and age group, No 

code required, individual that had never worked. 
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Table 8.1c: Demographic and clinical characteristics for 28% of breast cancer patients in N. Ireland 
from 2011-2015 by age group (<75 or ≥75). 

Variable Values

N % N % N %

Total 1,394 100 405 100 1,799 100

0-54 564 40.5 564 31.4

54-64 410 29.4 410 22.8

65-75 420 30.1 420 23.4

≥75 405 100 405 22.51

1 (Least Deprived) 412 29.6 60 14.8 472 26.2

2 297 21.3 81 20.0 378 21.0

3 124 8.9 35 8.6 159 8.8

4 462 33.1 167 41.2 629 35.0

5 (Most deprived) 99 7.1 62 15.3 161 9.0

1 596 44.1 99 31.8 695 41.8

2 499 36.9 123 39.6 622 37.4

3 190 14.0 51 16.4 241 14.5

4 68 5.0 38 12.2 106 6.4

Stage Missing 41 2.9 94 23.2 <0.001 135 7.5

1: Very good health 401 28.8 34 8.4 435 24.2

2: Good health 534 38.3 121 29.9 655 36.4

3: Fair health 323 23.2 195 48.2 518 28.8

4 : bad health 111 8.0 41 10.1 152 8.5

5: Very bad health 25 1.8 14 3.5 39 2.2

No 1,144 82.1 189 46.7 1,333 74.1

Yes 250 17.9 216 53.3 466 25.9

Chronic illness 166 11.9 94 23.2 <0.001 260 14.5

Mental health issue 167 12.0 21 5.2 <0.001 188 10.5

Memory loss 30 2.2 29 7.2 <0.001 59 3.3

Long-term pain 258 18.5 150 37.0 <0.001 408 22.7

Breathing difficulty 150 10.8 76 18.8 <0.001 226 12.6

Surgery 1,204 86.4 238 58.8 1,442 80.2

Hormone 91 6.5 137 33.8 228 12.7

No treatment 99 1.6 30 5.4 129 2.5

1-year 1,354 97.1 347 85.7 <0.001 1,701 94.6

2-year 1,316 94.4 306 75.6 <0.001 1,622 90.2

Age group

Young (<75) Older (≥75)
P-value*

Total

Deprivation <0.001

Stage (% 

recorded 

staged)

<0.001

Health status <0.001

NOTE: Data are n (%).*P-value of chi-square test of association of categorical variables and age group, No code 

required, individual that had never worked. 

Mobility 

difficulty
<0.001

Comorbidity   

Treatment <0.001

Survival
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Table 8.2a: Likelihood of lung cancer patients diagnosed in N. Ireland 2011-15 receiving  surgery, radiotherapy, chemotherapy (3 months before to 6 months after 
diagnosis), by various demographic and clinical factors. 

 

Variable Values

OR P-value OR P-value OR P-value

Gender Female (Male reference) 1.12 0.76 1.65 0.565 0.78 0.60 1.01 0.062 1.15 0.86 1.54 0.342

Age ≥75 (<75 reference) 0.19 0.12 0.30 <0.001 0.80 0.61 1.04 0.099 0.18 0.12 0.26 <0.001

2 (ref:1) 1.26 0.63 2.52 0.511 0.92 0.52 1.63 0.777 0.77 0.42 1.40 0.390

3 (ref:1) 0.94 0.50 1.78 0.856 1.18 0.77 1.82 0.439 0.87 0.55 1.38 0.555

4 (ref:1) 0.80 0.46 1.38 0.416 1.11 0.76 1.62 0.577 0.73 0.49 1.09 0.120

5 (Most deprived) (ref:1) 0.29 0.12 0.73 0.008 1.76 1.05 2.92 0.030 0.91 0.51 1.61 0.751

2 (ref: 1) 1.30 0.77 2.20 0.332 1.62 0.83 3.15 0.154 1.15 0.41 3.27 0.789

3 (ref: 1) 0.10 0.06 0.17 <0.001 3.50 2.13 5.75 <0.001 6.40 3.31 12.36 <0.001

4 (ref: 1) 0.02 0.01 0.04 <0.001 2.54 1.59 4.07 <0.001 4.87 2.62 9.04 <0.001

2 (ref: 1) 1.05 0.54 2.06 0.879 0.79 0.48 1.31 0.365 1.04 0.61 1.77 0.877

3 (ref: 1) 0.72 0.36 1.43 0.345 0.72 0.43 1.21 0.212 0.87 0.50 1.52 0.624

4 (ref: 1) 0.74 0.32 1.73 0.487 0.57 0.31 1.04 0.068 0.82 0.42 1.59 0.556

5 (Very bad health) (ref: 1) 0.73 0.27 1.98 0.537 0.54 0.25 1.17 0.116 1.00 0.43 2.33 0.998

Mobility difficulty Yes (ref: no mobility issue) 0.67 0.42 1.09 0.105 0.92 0.67 1.26 0.588 0.82 0.57 1.18 0.286

Chronic illness 1.01 0.63 1.64 0.957 1.00 0.74 1.37 0.984 0.94 0.66 1.35 0.750

Mental health issue 1.43 0.75 2.75 0.278 1.25 0.80 1.95 0.334 0.88 0.54 1.42 0.592

Memory loss 1.19 0.49 2.86 0.705 0.36 0.17 0.74 0.006 1.09 0.56 2.10 0.800

Long-term pain 0.98 0.61 1.57 0.921 1.51 1.10 2.07 0.011 1.01 0.70 1.46 0.941

Breathing difficulty 0.46 0.29 0.74 0.001 0.97 0.72 1.32 0.845 0.85 0.60 1.21 0.368

Comorbidity

NOTE: Data are odds ratio with 95% confidence interval and p-value for the null hypothesis that the odds ratio is equal to 1. 'No 

treatment'  is the outcome reference category in the multinomial logistic regression.

Surgery Radiotherapy Chemotherapy

95% CI 95% CI 95% CI

Deprivation

Stage

Health status
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Table 8.2b: Likelihood of colorectal cancer patients diagnosed in N. Ireland 2011-15 receiving  surgery, chemotherapy, (3 months before to 6 months after diagnosis), by 
various demographic and clinical factors. 

 

Variable Values

OR P-value OR P-value

Gender Female (Male reference) 1.10 0.82 1.47 0.530 0.59 0.36 0.98 0.041

Age ≥75 (<75 reference) 0.46 0.35 0.61 <0.001 0.20 0.11 0.37 <0.001

2 (ref:1) 0.99 0.61 1.61 0.971 1.15 0.52 2.52 0.729

3 (ref:1) 1.00 0.66 1.52 0.982 0.61 0.30 1.24 0.169

4 (ref:1) 0.98 0.67 1.41 0.896 1.03 0.58 1.83 0.920

5 (Most deprived) (ref:1) 0.57 0.33 0.99 0.045 1.15 0.42 3.15 0.790

2 (ref: 1) 1.82 1.06 3.13 0.030 4.44 0.51 38.85 0.178

3 (ref: 1) 0.86 0.53 1.39 0.528 18.51 2.48 138.19 0.004

4 (ref: 1) 0.09 0.06 0.14 <0.001 88.43 12.06 648.14 <0.001

2 (ref: 1) 1.07 0.72 1.60 0.723 1.03 0.57 1.86 0.926

3 (ref: 1) 1.04 0.66 1.62 0.877 0.78 0.38 1.57 0.485

4 (ref: 1) 0.76 0.40 1.43 0.396 0.63 0.21 1.91 0.419

5 (Very bad health) (ref: 1) 0.74 0.27 2.02 0.552 0.92 0.15 5.80 0.928

Mobility difficulty Yes (ref: no mobility issue) 0.69 0.49 0.98 0.037 0.82 0.43 1.56 0.541

Chronic illness 0.82 0.58 1.15 0.254 0.84 0.43 1.62 0.600

Mental health issue 1.14 0.63 2.06 0.673 1.16 0.42 3.16 0.776

Memory loss 0.62 0.28 1.36 0.227 0.00 0.00 - 0.983

Long-term pain 1.18 0.82 1.70 0.368 1.34 0.70 2.56 0.378

Breathing difficulty 0.85 0.59 1.24 0.407 1.01 0.48 2.11 0.979

Comorbidity

Surgery Chemotherapy

95% CI 95% CI

Deprivation

Stage

Health status

NOTE: Data are odds ratio with 95% confidence interval and p-value for the null hypothesis that the odds ratio is 

equal to 1. 'No treatment'  is the outcome reference category in the multinomial logistic regression.
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Table 8.2c: Likelihood of breast cancer patients diagnosed in N. Ireland 2011-15 receiving  surgery, hormone therapy (3 months before to 6 months after diagnosis), by 
various demographic and clinical factos.  

Variable Values

OR P-value OR P-value

Age group ≥75 (ref: <75) 0.32 0.22 0.44 <0.001 4.90 3.37 7.13 <0.001

2 (ref:1) 1.60 1.06 2.41 0.025 0.76 0.45 1.28 0.302

3 (ref:1) 1.42 0.84 2.41 0.196 0.79 0.40 1.55 0.490

4 (ref:1) 2.09 1.43 3.05 <0.001 0.83 0.53 1.31 0.429

5 (Most deprived) (ref:1) 1.63 0.92 2.88 0.093 1.02 0.54 1.93 0.957

2 (ref: 1) 0.74 0.52 1.05 0.096 0.71 0.46 1.08 0.112

3 (ref: 1) 0.41 0.25 0.68 0.001 1.32 0.72 2.41 0.366

4 (ref: 1) 0.03 0.02 0.06 <0.001 9.59 5.64 16.30 <0.001

2 (ref: 1) 1.08 0.74 1.58 0.688 0.97 0.59 1.60 0.919

3 (ref: 1) 0.91 0.58 1.44 0.693 1.08 0.61 1.91 0.795

4 (ref: 1) 1.01 0.49 2.07 0.988 1.04 0.45 2.41 0.927

5 (Very bad health) (ref: 1) 0.52 2.07 1.41 0.202 2.69 0.94 7.74 0.066

Mobility difficulty Yes (ref: no mobility issue) 0.67 0.43 1.03 0.067 1.82 1.13 2.94 0.014

Chronic illness 1.01 0.67 1.53 0.957 1.14 0.71 1.81 0.590

Mental health issue 1.35 0.79 2.31 0.271 0.81 0.43 1.53 0.512

Memory loss 0.60 0.25 1.46 0.257 1.47 0.58 3.70 0.409

Long-term pain 1.25 0.81 1.93 0.305 0.70 0.43 1.12 0.136

Breathing difficulty 1.02 0.65 1.61 0.917 1.14 0.7 1.84 0.603

Deprivation

Stage

Health status

Comorbidity

NOTE: Data are odds ratio with 95% confidence interval and p-value for the null hypothesis that the 

odds ratio is equal to 1. 'No treatment'  is the outcome reference category in the multinomial logistic 

Surgery Hormone

95% CI 95% CI
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Table 8.3a:  Logistic regression relating one-year lung cancer patients' survival to patient's demographic and clinical factors, by age groups 

 

Variable Values Effect Mod*

OR P-value OR P-value P-value OR P-value

Treatment Surgery (ref: no treatment) 8.53 4.68 15.6 <0.001 19.92 6.80 58.34 <0.001 0.167 10.56 6.38 17.5 <0.001

Radiotherapy 2.17 1.36 3.45 0.001 1.77 1.05 2.97 0.031 0.543 1.90 1.36 2.66 <0.001

Chemotherapy 5.73 3.68 8.92 <0.001 1.89 0.81 4.44 0.14 0.025 4.35 3.05 6.2 <0.001

Gender Female (ref: male) 0.72 0.51 1.02 0.068 1.27 0.83 1.96 0.27 0.314 0.91 0.69 1.18 0.464

Age group ≥75 (ref: <75) - - - - - - - - - 0.63 0.47 0.84 0.001

2 (ref: 1) 0.83 0.4 1.69 0.605 0.83 0.36 1.91 0.659 0.902 0.80 0.47 1.36 0.409

3 (ref: 1) 0.81 0.46 1.44 0.475 0.53 0.26 1.09 0.083 0.227 0.71 0.46 1.1 0.124

4 (ref: 1) 0.73 0.45 1.21 0.225 0.97 0.55 1.70 0.917 0.415 0.83 0.57 1.2 0.320

5 (ref: 1) 0.94 0.47 1.88 0.867 0.80 0.35 1.84 0.607 0.947 0.91 0.55 1.53 0.726

2 (ref: 1) 0.69 0.31 1.5 0.344 0.60 0.25 1.45 0.25 0.776 0.68 0.38 1.19 0.177

3 (ref: 1) 0.19 0.11 0.35 <0.001 0.36 0.19 0.65 0.001 0.187 0.28 0.19 0.41 <0.001

4 (ref: 1) 0.05 0.03 0.09 <0.001 0.16 0.08 0.29 <0.001 0.015 0.08 0.05 0.12 <0.001

2 (ref: 1) 0.78 0.42 1.46 0.443 0.64 0.24 1.66 0.359 0.717 0.72 0.43 1.2 0.209

3 (ref: 1) 0.64 0.34 1.23 0.184 0.62 0.24 1.63 0.333 0.926 0.64 0.38 1.09 0.099

4 (ref: 1) 0.65 0.3 1.4 0.272 0.34 0.11 1.07 0.065 0.361 0.54 0.29 1.01 0.054

5 (Very bad health) (ref: 1) 0.38 0.15 0.96 0.04 0.23 0.05 1.00 0.049 0.578 0.34 0.16 0.72 0.005

Mobility difficulty Yes (ref: no mobility issue) 0.80 0.51 1.25 0.320 0.86 0.54 1.37 0.527 0.857 0.86 0.62 1.17 0.334

Chronic illness 1.11 0.74 1.66 0.628 0.87 0.52 1.46 0.611 0.344 1.08 0.79 1.48 0.618

Mental health issue 1.00 0.58 1.73 0.986 1.73 0.60 5.01 0.313 0.308 1.06 0.66 1.68 0.815

Memory loss 0.53 0.22 1.31 0.171 0.74 0.32 1.70 0.476 0.671 0.62 0.33 1.14 0.123

Long-term pain 1.31 0.86 2.00 0.211 1.39 0.84 2.29 0.198 0.797 1.31 0.96 1.79 0.092

Breathing difficulty 1.04 0.69 1.55 0.865 1.14 0.71 1.84 0.591 0.760 1.03 0.76 1.4 0.8311.93 0.81 4.6 0.13

Young (≤75) Older (>75) All patients

95% CI 95% CI 95% CI

Deprivation

Stage

Health status

Comorbidity

NOTE: Data are odds ratio with 95% confidence interval and p-value for the null hypothesis that the odds ratio is equal to 1. A P-value testing effect size age-modification is 

provided.
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Table 8.3b:  Logistic regression relating one-year colorectal cancer patients' survival to patient's demographic and clinical factors, by age groups. 

 

Variable Values Effect Mod*

OR P-value OR P-value P-value OR P-value

Treatment Surgery (ref: no treatment) 10.55 5.81 19.2 <0.001 3.88 2.25 6.709 <0.001 0.020 5.98 4.13 8.66 <0.001

Chemotherapy 4.37 2.11 9.05 <0.001 5.49 1.63 18.5 0.006 0.756 3.70 2.06 6.67 <0.001

Gender Female (ref: male) 0.67 0.4 1.1 0.115 1.00 0.58 1.701 0.986 0.211 0.79 0.55 1.13 0.191

Age group ≥75 (ref: <75) - - - - - - - - - 0.34 0.24 0.48 <0.001

2 (ref: 1) 1.13 0.48 2.69 0.778 1.60 0.65 3.981 0.309 0.474 1.40 0.76 2.60 0.280

3 (ref: 1) 0.88 0.42 1.84 0.732 1.05 0.49 2.233 0.904 0.859 0.97 0.58 1.62 0.906

4 (ref: 1) 0.80 0.43 1.5 0.489 0.50 0.25 1.02 0.058 0.342 0.69 0.44 1.08 0.108

5 (ref: 1) 1.38 0.43 4.43 0.592 0.29 0.11 0.769 0.013 0.053 0.65 0.33 1.28 0.211

2 (ref: 1) 0.29 0.08 1.05 0.060 1.47 0.59 3.703 0.410 0.044 0.81 0.40 1.66 0.566

3 (ref: 1) 0.16 0.05 0.56 0.004 0.38 0.16 0.903 0.029 0.300 0.31 0.16 0.60 0.001

4 (ref: 1) 0.03 0.01 0.09 <0.001 0.03 0.01 0.092 <0.001 0.798 0.04 0.02 0.08 <0.001

2 (ref: 1) 1.08 0.56 2.08 0.826 0.70 0.3 1.646 0.412 0.425 0.93 0.56 1.53 0.776

3 (ref: 1) 0.86 0.41 1.8 0.683 0.65 0.26 1.634 0.358 0.591 0.81 0.47 1.39 0.439

4 (ref: 1) 0.45 0.16 1.28 0.135 1.61 0.43 5.992 0.476 0.164 0.94 0.43 2.04 0.879

5 (Very bad health) (ref: 1) 6.22 0.74 52.4 0.093 2.14 0.31 14.51 0.437 0.429 3.78 0.99 14.39 0.051

Mobility difficulty Yes (ref: no mobility issue) 1.06 0.52 2.17 0.873 0.63 0.36 1.11 0.110 0.285 0.73 0.48 1.11 0.137

Chronic illness 0.47 0.25 0.88 0.019 0.89 0.51 1.575 0.697 0.172 0.73 0.49 1.10 0.136

Mental health issue 0.88 0.36 2.16 0.781 0.84 0.21 3.294 0.801 0.975 0.87 0.43 1.78 0.712

Memory loss 1.77 0.34 9.27 0.497 0.41 0.12 1.356 0.141 0.169 0.56 0.23 1.37 0.201

Long-term pain 1.08 0.53 2.19 0.828 1.33 0.71 2.464 0.373 0.669 1.20 0.77 1.86 0.425

Breathing difficulty 0.62 0.30 1.28 0.194 0.87 0.47 1.594 0.651 0.470 0.74 0.47 1.17 0.1951.93 0.81 4.6 0.13

Comorbidity

Young (≤75) Older (>75) All patients

95% CI 95% CI 95% CI

Deprivation

Stage

Health status

NOTE: Data are odds ratio with 95% confidence interval and p-value for the null hypothesis that the odds ratio is equal to 1. A P-value testing effect size age-modification is 

provided.
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Table 8.3c:  Logistic regression relating one-year breast cancer patients' survival to patient's demographic and clinical factors, by age groups. 

 

Variable Values Effect Mod*

OR P-value OR P-value P-value OR P-value

Treatment Surgery (ref: no treatment) 5.30 2.02 13.93 0.001 16.64 4.65 59.63 <0.001 0.157 7.37 3.47 15.7 <0.001

Hormone 6.12 1.55 24.18 0.010 14.14 4.06 49.28 <0.001 0.371 11.59 4.82 27.8 <0.001

Age group ≥75 (ref: <75) - - - - - - - - - 0.26 0.14 0.49 <0.001

2 (ref: 1) 2.12 0.51 8.87 0.305 0.69 0.17 2.76 0.596 0.266 1.04 0.42 2.55 0.938

3 (ref: 1) 0.52 0.13 2.01 0.341 0.53 0.11 2.64 0.439 0.980 0.51 0.19 1.34 0.171

4 (ref: 1) 0.80 0.28 2.30 0.682 0.52 0.15 1.84 0.307 0.599 0.65 0.30 1.41 0.275

5 (ref: 1) 0.31 0.07 1.37 0.122 0.76 0.18 3.22 0.705 0.396 0.54 0.20 1.46 0.223

2 (ref: 1) 0.97 0.20 5.10 0.972 0.19 0.05 0.78 0.021 0.153 0.37 0.14 0.96 0.041

3 (ref: 1) 0.17 0.04 0.71 0.02 0.09 0.02 0.37 0.001 0.519 0.13 0.05 0.35 <0.001

4 (ref: 1) 0.02 0.00 0.07 <0.001 0.09 0.02 0.53 0.008 0.137 0.03 0.01 0.11 <0.001

2 (ref: 1) 0.93 0.31 2.75 0.893 0.98 0.23 4.14 0.975 0.955 0.84 0.37 1.91 0.673

3 (ref: 1) 0.87 0.22 3.40 0.846 1.26 0.30 5.40 0.751 0.715 0.99 0.39 2.54 0.990

4 (ref: 1) 1.87 0.20 17.91 0.587 2.13 0.32 14.02 0.431 0.930 1.94 0.51 7.44 0.335

5 (Very bad health) (ref: 1) 0.81 0.05 14.34 0.89 0.15 0.02 1.10 0.062 0.348 0.30 0.07 1.25 0.097

Mobility difficulty Yes (ref: no mobility issue) 0.74 0.18 2.97 0.667 0.39 0.17 0.91 0.029 0.451 0.48 0.24 0.99 0.046

Chronic illness 0.30 0.10 0.85 0.024 0.75 0.33 1.72 0.497 0.176 0.45 0.24 0.83 0.011

Mental health issue 1.82 0.42 7.90 0.423 0.74 0.18 3.06 0.675 0.386 1.09 0.42 2.82 0.862

Memory loss 0.37 0.04 3.07 0.357 0.57 0.18 1.79 0.335 0.722 0.46 0.15 1.41 0.171

Long-term pain 0.66 0.17 2.58 0.553 1.59 0.73 3.47 0.248 0.272 1.17 0.6 2.3 0.640

Breathing difficulty 1.48 0.31 7.07 0.621 0.84 0.35 2.01 0.701 0.536 1.12 0.53 2.36 0.760

Young (≤75) Older (>75) All patients

95% CI 95% CI 95% CI

Deprivation

Stage

Health status

Comorbidity

NOTE: Data are odds ratio with 95% confidence interval and p-value for the null hypothesis that the odds ratio is equal to 1. A P-value testing effect size age-modification is provided.
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Table 8.4a: Sensitivity analysis of mediation estimation for lung cancer patients diagnosis in N. Ireland from 2011-2015: Total Causal Effect (TCE), Natural Direct Effect 
(NDE), Natural Indirect Effect (NIE=under-treatment). 

  

Sensitivity element Total Elderly % % %

All linear effects (screen model):

75 cut-off 1,649   672       -16.9% -22.4% - -11.4% -6.1% -12.1% - -0.1% -10.8% -14.8% - -6.8%

80 cut-off 1,649   248       -16.7% -22.5% - -10.8% -5.7% -12.3% - 0.9% -11.0% -15.0% - -7.0%

85 cut-off 1,649   157       -17.8% -25.2% - -10.3% -5.6% -14.4% - 3.3% -12.2% -16.4% - -8.0%

Reduced model (all significant linear effects):

75 cut-off 1,649   672       -14.6% -19.9% - -9.2% -7.0% -12.6% - -1.3% -7.6% -11.5% - -3.7%

65-75 vs 75+ 1,257   672       -14.3% -20.5% - -8.2% -6.8% -13.3% - -0.4% -7.5% -11.7% - -3.2%

80 cut-off 1,649   398       -15.3% -20.9% - -9.7% -7.3% -13.6% - -1.0% -8.0% -11.9% - -4.1%

85 cut-off 1,649   157       -14.6% -21.6% - -7.7% -5.4% -13.3% - 2.5% -9.2% -13.1% - -5.3%

75 cut-off and age-interaction terms 1,649   672       -17.2% -22.6% - -11.8% -8.2% -14.6% - -1.7% -9.0% -14.1% - -3.9%

80 cut-off and age-interaction terms 1,649   398       -17.5% -23.5% - -11.6% -5.7% -17.7% - 6.3% -11.8% -22.8% - -0.8%

Reduced model 2-year survival:

75 cut-off 1,312   107       -5.5% -14.4% - 3.5% -5.0% -13.6% - 3.6% -0.5% -4.3% - 3.4%

80 cut-off 1,312   54         -6.7% -17.2% - 3.8% -6.4% -16.8% - 4.0% -0.3% -4.1% - 3.5%

85 cut-off 1,312   15         -14.1% -30.2% - 2.0% -14.6% -30.4% - 1.3% 0.5% -3.3% - 4.2%

Variable domain sensitivity

omitting stage 1,649   672       -16.0% -21.3% - -10.7% -3.3% -8.8% - 2.2% -12.7% -16.7% - -8.8%

omitting mobility difficulty 1,649   672       -15.4% -20.9% - -9.9% -4.7% -10.4% - 1.1% -10.7% -14.8% - -6.7%

omitting comorbidites 1,649   672       -14.8% -20.3% - -9.3% -5.5% -11.5% - 0.6% -9.3% -13.3% - -5.3%

not treating stage as L-confounder 1,649   672       -15.0% -19.9% - -10.2% -3.8% -8.9% - 1.2% -11.2% -14.7% - -7.7%

not treating mobility difficulty  as L-confounder 1,649   672       -15.2% -20.6% - -9.7% -4.1% -9.8% - 1.7% -11.1% -15.1% - -7.1%

not treating comorbidites as L-confounder 1,649   672       -14.5% -20.0% - -9.0% -5.6% -11.6% - 0.5% -8.9% -12.8% - -5.0%

Patient numbers TCE NDE NIE

95% CI (%) 95% CI (%) 95% CI (%)

NOTE: For patient number, data are n. For TCE, NDE & NIE numbers are percentages with 95% confidence interval. In the g-computation analysis, clinical values (L) 

are simulated using multinomial models with independent demographic (age group [X], sex, and deprivation) variables. Likewise treatment values (M) are simulated 

using independent clinical variables (stage, performance status, comorbidities) and demographic variables. Survival (Y) is predicted using a logistic model with 

independent treatment, demographic, and clinical variables. Sensitivity analyses explore a) the definition for age group, b) terms in the model (linear only, 

significant linear only, age group modification terms), c) omitting key clinical variable from the analysis, d) failure to classify key clinical variables as intermediate 

confounders (L). Apart from the screening models, the default model settings are 'all significant linear effects'.
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Table 8.4b: Sensitivity analysis of mediation estimation for colorectal cancer patients diagnosis in N. Ireland from 2012-2015: Total Causal Effect (TCE), Natural Direct 
Effect (NDE), Natural Indirect Effect (NIE=under-treatment) 

 

Sensitivity element Total Elderly % % %

All linear effects (screen model):

75 cut-off 1,673  672       -23.6% -28.7% − -18.4% -14.0% -19.2% − -8.7% -9.6% -13.4% − -5.8%

80 cut-off 1,673  408       -28.0% -34.1% − -21.9% -16.9% -23.4% − -10.4% -11.1% -15.4% − -6.8%

85 cut-off 1,673  195       -31.8% -39.9% − -23.7% -14.3% -23.3% − -5.4% -17.5% -22.7% − -12.2%

Reduced model (all significant linear effects):

75 cut-off 1,673  672       -23.6% -28.7% − -18.4% -14.0% -19.2% − -8.7% -9.6% -13.4% − -5.8%

65-75 vs 75+ 1,187  672       -21.9% -27.7% − -16.1% -13.1% -19.0% − -7.2% -8.8% -13.0% − -4.6%

80 cut-off 1,673  408       -28.0% -34.1% − -21.9% -16.9% -23.4% − -10.4% -11.1% -15.4% − -6.8%

85 cut-off 1,673  195       -31.8% -39.9% − -23.7% -14.3% -23.3% − -5.4% -17.5% -22.7% − -12.2%

75 cut-off and age-interaction terms 1,339  672       -23.1% -28.6% − -17.6% -14.6% -20.7% − -8.6% -8.5% -12.7% − -4.3%

80 cut-off and age-interaction terms 1,339  408       -27.5% -35.3% − -19.7% -18.4% -27.8% − -9.0% -9.1% -15.2% − -2.9%

Reduced model 2-year survival:

75 cut-off 1,339  365 -25.7% -32.2% − -19.2% -19.9% -26.3% − -13.5% -5.8% -10.3% − -1.4%

80 cut-off 1,339  190 -31.7% -39.0% − -24.5% -25.4% -33.0% − -17.8% -6.3% -11.2% − -1.5%

85 cut-off 1,339  75 -37.7% -47.5% − -28.0% -27.0% -38.1% − -15.8% -10.8% -16.7% − -4.8%

Variable domain sensitivity

omitting stage 1,673  672       -23.4% -28.4% − -18.3% -13.7% -18.4% − -9.0% -9.7% -13.7% − -5.7%

omitting mobility difficulty 1,673  672       -23.6% -28.7% − -18.4% -14.0% -19.2% − -8.7% -9.6% -13.4% − -5.7%

omitting comorbidites 1,673  672       -21.8% -26.8% − -16.7% -12.4% -17.4% − -7.4% -9.4% -13.1% − -5.7%

not treating stage as L-confounder 1,673  672       -16.4% -21.0% − -11.8% -11.8% -16.4% − -7.2% -4.7% -7.6% − -1.7%

not treating mobility difficulty  as L-confounder 1,673  672       -21.7% -26.7% − -16.7% -13.0% -18.0% − -7.9% -8.7% -12.5% − -4.9%

not treating comorbidites as L-confounder 1,673  672       -22.7% -27.6% − -17.7% -15.8% -20.8% − -10.9% -6.8% -10.5% − -3.1%

Patient numbers TCE NDE NIE

95% CI (%) 95% CI (%) 95% CI (%)

NOTE: For patient number, data are n. For TCE, NDE & NIE numbers are percentages with 95% confidence interval. In the g-computation analysis, clinical values (L) 

are simulated using multinomial models with independent demographic (age group [X], sex, and deprivation) variables. Likewise treatment values (M) are 

simulated using independent clinical variables (stage, performance status, comorbidities) and demographic variables. Survival (Y) is predicted using a logistic model 

with independent treatment, demographic, and clinical variables. Sensitivity analyses explore a) the definition for age group, b) terms in the model (linear only, 

significant linear only, age group modification terms), c) omitting key clinical variable from the analysis, d) failure to classify key clinical variables as intermediate 

confounders (L). Apart from the screening models, the default model settings are 'all significant linear effects'.
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Table 8.4c: Sensitivity analysis of mediation estimation for breast cancer patients diagnosis in N. Ireland from 2012-2015: Total Causal Effect (TCE), Natural Direct Effect 
(NDE), Natural Indirect Effect (NIE=under-treatment) 

Sensitivity element Total Elderly % % %

All linear effects (screen model):

75 cut-off 1,799  405       -10.1% -14.0% − -6.1% -9.3% -15.0% − -3.7% -0.7% -5.1% − 3.6%

80 cut-off 1,799  248       -9.8% -15.1% − -4.6% -9.6% -16.6% − -2.7% -0.2% -5.2% − 4.7%

85 cut-off 1,799  107       -17.1% -25.2% − -9.0% -15.4% -26.3% − -4.5% -1.7% -9.2% − 5.8%

Reduced model (all significant linear effects):

75 cut-off 1,799  405       -10.1% -14.0% − -6.1% -9.3% -15.0% − -3.7% -0.7% -5.1% − 3.6%

65-74 vs 75+ 825     405       -12.0% -16.9% − -7.1% -7.9% -14.9% − -0.9% -4.1% -9.7% − 1.5%

80 cut-off 1,799  248       -9.8% -15.1% − -4.6% -9.6% -16.6% − -2.7% -0.2% -5.2% − 4.7%

85 cut-off 1,799  107       -17.1% -25.2% − -9.0% -15.4% -26.3% − -4.5% -1.7% -9.2% − 5.8%

75 cut-off and age-interaction terms 1,799  405       -10.9% -17.2% − -4.6% -9.9% -18.8% − -1.1% -1.0% -8.7% − 6.8%

80 cut-off and age-interaction terms 1,799  248       -9.2% -14.0% − -4.5% -7.9% -15.5% − -0.4% -1.3% -7.8% − 5.2%

Reduced model 2-year survival:

75 cut-off 1,421  306 -20.5% -26.0% − -15.0% -22.9% -29.8% − -16.0% 2.5% -2.7% − 7.7%

80 cut-off 1,421  179 -22.2% -29.0% − -15.4% -22.8% -31.2% − -14.4% 0.6% -5.2% − 6.4%

85 cut-off 1,421  69 -27.4% -38.1% − -16.6% -25.8% -38.4% − -13.3% -1.5% -9.2% − 6.1%

Variable domain sensitivity

omitting stage 1,799  405 -11.0% -14.8% − -7.1% -7.3% -10.8% − -3.9% -3.6% -6.4% − -0.8%

omitting mobility difficulty 1,799  405 -10.1% -13.8% − -6.4% -13.0% -18.3% − -7.6% 2.8% -1.3% − 7.0%

omitting comorbidites 1,799  405 -10.5% -14.5% − -6.5% -11.5% -17.3% − -5.7% 1.0% -3.4% − 5.4%

not treating stage as L-confounder 1,799  405 -6.1% -9.2% − -2.9% -7.3% -10.8% − -3.9% 1.3% -0.9% − 3.4%

not treating mobility difficulty as L-confounder 1,799  405 -9.3% -13.2% − -5.4% -11.6% -16.9% − -6.4% 2.3% -1.4% − 6.1%

not treating comorbidites as L-confounder 1,799  405 -10.6% -14.8% − -6.3% -10.7% -16.7% − -4.7% 0.2% -4.0% − 4.4%

Patient numbers TCE NDE NIE

95% CI (%) 95% CI (%) 95% CI (%)

NOTE: For patient number, data are n. For TCE, NDE & NIE numbers are percentages with 95% confidence interval. In the g-computation analysis, clinical values 

(L) are simulated using multinomial models with independent demographic (age group [X], sex, and deprivation) variables. Likewise treatment values (M) are 

simulated using independent clinical variables (stage, performance status, comorbidities) and demographic variables. Survival (Y) is predicted using a logistic 

model with independent treatment, demographic, and clinical variables. Sensitivity analyses explore a) the definition for age group, b) terms in the model (linear 

only, significant linear only, age group modification terms), c) omitting key clinical variable from the analysis, d) failure to classify key clinical variables as 

intermediate confounders (L). Apart from the screening models, the default model settings are 'all significant linear effects'.
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Chapter Nine 

Discussion 

9.1 Summary 

This final chapter provides an overall summary of the work presented in this thesis. Firstly, 

the aims and objectives presented in the introductory chapter (under thesis outline) will be 

revisited, and the main findings of each chapter – excluding chapter 2, which is a descriptive 

epidemiological section for breast cancer (BC), lung cancer (LC) and colorectal cancer (CRC) - 

will be summarised and discussed. The key strengths and limitations identified in this project 

will be highlighted and recommendations for future work outlined. Finally, the implication 

for policy and practice will be suggested, and the overall conclusions will be presented. 

9.1.1 Thesis aims and objectives 

The primary aims of this thesis were to use secondary data sources and cancer registry data 

to: 

 Examine the potential for under-treatment (UT) in older BC, LC and CRC patients 

using secondary data sources and population-based cancer registry data; 

 Quantify UT as the proportion of the deficit in survival between younger and older 

patients that is explained by lower clinically-specific treatment rates in the older, 

using g-computation formula.  

Specific objectives under these aims were to: 

a) Assess the potential for sub-optimal treatment in the older BC, LC and CRC patients, 

diagnosed between 2000 and 2007 in 19 European countries, based on countries’ 

age-group differences in 5-year conditional relative survival (CRS), and cancer 

expenditure per capita (CEPC). 
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b) Assess the potential for surgical UT in older CRC patients by comparing differences 

in stage-specific surgery and survival rates for younger and older subjects, diagnosed 

between 2000 and 2015 in Northern Ireland (NI), using population-based cancer 

registry data. 

c) Perform a systematic review reporting inequalities in surgical receipt between 

younger and older BC, LC and CRC patients from studies reporting on lower surgery 

rates leading to lower survival, after adjusting for comorbidity and/or other health 

factors.   

d) Present a viable methodology to estimate UT. 

e) Quantify how much of the lower survival in older patients with LC, diagnosed 

between 2012 and 2015, is mediated through lower treatment rates, after adjusting 

for clinical and demographic factors, using the g-formula. 

f) Use self-reported health status (SRHS), morbidity and frailty markers, from the NI 

2011 Census data, to quantify UT in the older BC, LC and CRC patients, diagnosed 

between 2011 and 2015, using g-computation. 

 

9.2 Summary of findings and comparison with previous studies 

9.2.1 Aim #1: examine the potential for UT in older patients 

9.2.1.1 Objective (a): assessing the potential of suboptimal treatment affecting survival in the 
elderly: A secondary data analysis on EUROCARE-5 survival estimate. 

In this study, differences in 5-year CRS (conditional on surviving one year) in BC, LC and CRC 

patients, was reported between younger (aged 55-74 years) and older patients. Among 19 

countries in Europe, lower CRS estimates in the older patients, compared to the younger, BC 

and LC patients (p<0.05) indicate potential for UT. In addition, countries with lower cancer 

expenditure per capita (CEPC) had a greater survival difference between younger and older 

BC patients, implying disparities in access to treatment. However, survival difference for LC 
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and CRC patients was not associated with cancer spending, suggesting a more complex 

relationship between CEPC and survival.  

Also for all the three cancer sites, survival differences between younger and older were 

consistently lower in the UK than the mean survival difference of all countries. This is in 

agreement with other population-based studies reporting lower stage-specific survival for 

BC16, LC15 and CRC40 in the UK when compared to countries of similar healthcare system. 

Reasons for this have been attributed to the way services are delivered that decrease timely 

diagnosis and access to treatment187, and cultural differences where people in the UK have 

the highest observed barriers to symptomatic presentation352.  

9.2.1.2 Objective (b): assessing the potential for surgical UT in elderly colorectal cancer patients 

Within a retrospective cohort of colorectal cancer patients identified from the N. Ireland 

cancer registry (NICR), age inequality in the receipt of surgery was discovered over two time 

periods; 2000-2007 and 2008-2015, where the absolute number of patients increased from 

7,712 to 9,196, respectively. Overall, the rate of curative surgery changed by -3% in the older 

compared to the +2.5% in the younger; for stage 4, this difference was greatest -6.4% in the 

elderly against -1.0% in the young.  

Likewise, age inequality in survival were found over the two periods for ‘all stages’ disease. 

There was a lower increase in 2-year net survival in the older (6.9%) compared to the 7.5% 

increase in the young. In stage 4 disease, the increase in survival over time was greater in 

younger (7.7%) than older patients (1.9%). 

The lower survival increase in the older cohort was possibly driven by the lower resection 

rates, particularly Stage 4 patients, highlighting potential for surgical UT. This result coincides 

with previous population-based CRC studies50,160,210 reporting surgical inequalities by age, 

which is likely contributing to the poorer cancer survival in the UK in comparison with the 

rest of Europe39. 
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9.2.1.3 Objective (c): are elderly patients having less surgery for their cancer? Systematic 
review and meta-analyses of 352,463 breast, lung, and colorectal patients. 

This review was perhaps the first systematic summary of the existing literature to measure 

inequalities in surgical receipt between younger and older BC, LC and CRC patients from 

studies reporting on lower surgery rates leading to lower survival, after adjusting for 

comorbidity and/or other health factors.   

A hypothesis was formed that lower treatment rates in the elderly may impact their survival, 

based on reports from various studies14,242,243. However, older patients may receive lower 

treatment rates47,58 for genuine reasons such as presenting with a higher prevalence of 

comorbidity59, poorer performance status (PS)53 and advanced cancer stage at diagnosis14,60.  

In this study, potential for UT was mostly reported comparing mean surgery rates and 

survival in the younger and older considering the presence of comorbidity and disease stage 

at diagnosis. Survival estimates between younger and older were conducted in eleven (37%) 

studies, adjusting for clinical variables. No studies defined UT in a mediation context, or even 

attempted a conventional regression mediation analysis. 

9.2.2 Aim #2: quantify UT in older lung, breast and colorectal patients  

9.2.2.1 Objective (d): g-computation formula: a causal mediation approach to measuring UT 

After defining and investigating potential for UT in the older cancer patients from studying 

(i) variation in conditional survival differences between young and old in 19 European 

countries (Chapter 3), (ii) associating stage-specific surgery rates to stage-specific survival 

(Chapter 4), and (iii) comparing mean surgery rates and survival in the younger and older 

(Chapter 5). This (Chapter 6) methodological chapter sought to, for the first time; outline a 

causal mediation approach, g-formula, for measuring UT having defined the question as a 

mediation task, that is: 
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What proportion of the deficit in survival between younger and older patients is explained 

by lower clinically-specific treatment rates in the older? 

It was demonstrated that the conventional regression mediation method is not adequate, 

due to its inability to adjust for intermediate confounders (i.e., a confounder variable of the 

mediator-outcome association and a variable that is affected by the exposure). Clinical 

factors such as stage of cancer at diagnosis, comorbidity and PS were defined as intermediate 

confounders because they could be affected by age (the exposure), with treatment receipt 

(e.g., curative surgery, radiotherapy and chemotherapy) being the mediator variable of 

interest.  

The g-computation is based on the counterfactual framework and overcomes the challenge 

of intermediate confounding by generating pseudo-populations, where exposure and 

mediators values are controlled and counterfactual individual have their survival predicted 

by models fitted on the original cohort of patients. The mean survival outcome of the pseudo-

populations are then estimated, and specific contrasts  measure the total causal effect of age 

on survival (i.e., TCE) , the natural direct effect (NDE) of age on survival not acting through 

treatment receipt, and the natural indirect effect (NIE) of age on survival mediated through 

treatment receipt. The NIE is identified as UT because it quantifies the proportion of the 

survival deficit between younger and older patients due to the latter receiving lower 

clinically-specific treatment rates.  

9.2.2.2 Objective (e): quantifying UT in older adult lung cancer patients in Northern Ireland 

This was the first attempt made to quantify UT in the older cancer patients as the proportion 

of their lower survival that could be attributed to their lower clinically-specific treatment 

rates. One-year observed survival of older NSCLC patients was lower than that of younger 

patients by 14.1%. Approximately 32% of this reduction (4.5%) was due to UT. Implying that 
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between 4 and 5 out of 100 extra older patients would be alive at 1-year had they received 

the clinically-specific treatment rates of the younger patients. 

This study pioneered the use of a single analysis, g-computation causal inference technique, 

to quantify UT combining patient-level clinical, demographic, treatment, and outcome 

information. The systematic review of existing literature (chapter 5) on observational studies 

found that other population-based studies have only demonstrated the potential for UT in 

the elderly by mostly reporting lower treatment rates and survival estimates, in separate 

analyses. Allowing for this distinction, the results are in agreement with studies comparing 

older with younger NSCLC patients (see Chapter 7, Section 7.7.2).  

9.2.2.3 Objective (f): quantifying UT in older adult lung, breast and colorectal cancer patients, 

using self-reported morbidity and frailty markers 

This study was an extension of the previous objective by employing the g-computation to 

quantify UT in LC, BC and CRC cancer patients. Also, it pioneers the use of Self-Report Health 

Status (SRHS) from the NI Census as a proxy for morbidities and frailty, in an attempt to 

substitute for PS which is poorly recorded in MDTs in NI - BC (0%) and CRC (3%) patients334. 

The 1-year survival of older LC, CRC and BC patients was lower than that of younger patients 

by 16.3%, 22.8% and 10.3%, respectively. Approximately 56.8% (in NSCLC) and 36.4% (in CRC) 

of these differences were attributed to UT. Therefore, for every 100 patients, an extra 9 

NSCLC and 8 CRC older patients, would be alive at one year had they received the clinically-

specific treatment rates of the younger patients. There was no evidence to suggest UT in 

older BC patients. 
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9.3 Strengths and limitations 

The strengths and limitations of each of the objectives summarised above have been 

discussed in full in their respective chapters. A summary of some of the main strengths and 

limitations most relevant to the overall aims and objectives of the thesis are discussed here. 

9.3.1 Strengths 

9.3.1.1 Type of data 

The analyses in this thesis were conducted using population-based studies, which is ideal for 

quantifying UT because it is, unlike a sample, a true representative of the population, is the 

natural scale for surveillance of a health service, and avoids the  risk that older patients are 

potentially underrepresented in non-population-based studies.  

Although randomised control trials (RCTs) are the gold standard of clinical research many 

questions cannot be answered by RCTs due to problems with feasibility and ethics (e.g., it 

would not be ethical to under-treat a patient in an experiment)302. In addition, RCTs suffer 

from limited follow-up and underrepresent individuals with comorbidities who are usually 

older subjects. Hence, the use of cancer registry observational data, comprising a 

retrospective cohort of patients newly diagnosed with cancer allows a credible attempt to 

estimate UT combining: 

1) patients-level clinical variables such as stage at diagnosis, comorbidities and PS from 

the Patient Administrative System (PAS) and Multidisciplinary Team meetings (MDT),   

2) treatment modalities including curative surgery, radiotherapy, chemotherapy and 

hormonal therapy from PAS and the Radiotherapy machine Area System, and  

3) SRHS, a proxy for morbidities and frailty from the census.    
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9.3.1.2 Causal mediation methodology  

This thesis exemplifies careful implementation of g-computation to estimate the causal effect 

of an exposure (age, X) on an outcome (survival, Y), in the presence of a mediator (treatment 

receipt, M), and particularly when the exposure influences intermediate confounders (clinical 

variables, L) of the mediator-to-outcome relationship. The dual-task of conditioning on the L 

and not blocking the causal pathway of X→L→Y cannot be achieved with conventional 

regression method (following the Direct Acyclic Graph presented in Chapter 7). 

The mediation approach compelled the consideration of (a) the main sources of confounding, 

(b) the necessary assumptions about causal pathways (c) and model specifications that need 

to be integrated into the application of the method. Initial review was performed to select 

covariates based on a priori knowledge of potential confounders and prognostic factors of 

the outcome of interest. Exploratory analysis for main effects and potential interactions of 

the covariates were performed to design model specification. Furthermore, mediation 

analyses results were complemented by sensitivity analyses where the definition of younger 

and older varied, and when intermediate confounders (i.e., clinical variables) were either 

omitted or treated as base confounders. The sensitivity analyses shed some light into 

possible explanations when results differ. For instance, omitting PS led to an over-estimation 

of UT, while treating PS as a base confounder resulted in considerably reduced effect of age 

on survival. Thus, failing to capture and correctly identifying intermediate confounders can 

bias the results markedly, and this underlines the need to engage with expert clinical 

knowledge, together with the published literature, and confirmed the importance of 

handling intermediate confounders correctly. 

9.3.1.3 Conditional relative survival and stage-specific analyses 

Survival of cancer patients with early stage disease with greater potential to receive curative 

treatment is measured by CRS, as it indicates a more pertinent estimate of survival for those 

who have already survived the first year, in which the risk of mortality is higher162. Therefore, 
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in the secondary data analysis of a large population-based study (i.e., EUROCARE-5 survival 

estimate), CRC was employed as opposed to absolute survival rates, to allow better 

comparisons between countries, in the assessment of potential UT in the older cancer 

subjects.  Funnel plots were also employed to identify existent patterns in survival between 

countries and age-groups (see objective a). 

Also, stage-specific survival is commonly used as a proxy measure of cancer management 

and effective treatment for cancers, and have been employed in international comparative 

studies16,353. Therefore, stage-specific surgery rates and survival were used to assess the 

potential for surgical UT in older CRC patients (see objective b) 

9.3.2 Limitations  

9.3.2.1 Unmeasured confounding 

The population-based strength of the current study is also a weakness in that relatively few 

covariates are captured in routine data systems, leaving the possible risk of unmeasured 

confounding. For instance, PS is poorly recorded in NI BC (0%) and CRC (3%) patients334 and 

patients consent is not well recorded in the MDT data, which could have resulted in an over-

estimation of the level of UT. To address these, SRHS was used to substitute  PS, while patient 

choice32 may not be a factor in explaining differences in treatment rates between younger 

and older. For instance, cancer patients have rated clinician guidance as most important 

when making treatment decisions57, and older BC patients are more passive decision-makers, 

reliant on the advice of healthcare professionals55,56. 

Identifying causal effects from non-randomised observational data represents one of the 

greatest challenges in observational studies, and relies on conceptualising such data as a 

conditionally randomised experiment, under identifiability conditions, i.e. exchangeability, 

positivity and well-defined intervention302, discussed in chapter 6. 
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9.3.2.2 Record linkage study  

It was not possible to bring in the same variables (used in Chapter 7) due to misunderstanding 

in the application process and the Data access agreement (DAA) between the Business 

Services Organisation (BSO) and Northern Ireland Statistics & Research Agency (NISRA) for 

the record linkage study between NICR and NI Longitudinal Study (NILS, in Chapter 8). In 

addition, some relevant variables such as lung function and PS, which are known to affect 

clinical decision-making, were omitted. This meant that the LC result from chapter 7 cannot 

entirely be comparted with the findings in chapter 8 (see section 8.6.4) and may explain the 

considerably lower UT estimate in the older cohort (-4.5% vs -7.6%) attributable to UT.  

9.3.2.3 Missing at random  

Rates of missing data were higher in older patients than the younger. For instance, in chapter 

4 (objective b) missing stage was high (approximately 28%) in the elderly, obliging the need 

for imputing stage in the multivariable stage-specific analyses. However, even with 

imputation there is the risk that missing data were not missing at random (MAR),207 and 

therefore possibly leading to an under-estimation of poorer cancer stage in the elderly. 

Likewise, in chapter 7 (objective e), missing data of relevant covariates, such as stage, PS, 

lung function were imputed, potentially leading to an under-estimation of these variables, 

particularly in the older patients, hence possibly leading to an over-estimation of UT. 

9.3.2.4 Multiple imputation model 

Multiple imputation was adopted in this thesis to predict the unobserved or missing stage 

data (in Chapter 4 and 8) as it is considered more efficient than complete cases analysis in 

regression analysis. Attempts were made to properly predict and draw valid inference of this 
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variable. However, upon reviewing relevant papers in the area 2 , it appears that the 

imputation models eventually employed in the thesis could have resulted in biased estimates 

in two ways207,231,232. Firstly, the imputation model should be compatible or ‘congenial’ to 

the analysis model207. At a minimum, this principle requires that terms in the analytic model 

should be in the imputation model. For instance, the omission of the age and period 

interaction term in the imputation model (Section 4.4.4, Chapter 4) whilst appearing in the 

analytic models transgresses the congeniality principle. Incorrect missing stage prediction 

could have biased the estimated interaction coefficient towards the null207 for both stage-

specific surgery rate and net survival outcomes). In the Chapter 4 study, which was mainly 

concerned with age-group x period interaction, stage could be imputed separately by age-

group (a complete variable); this simple method would have preserved the interaction 

structures in the imputed datasets207. Secondly, in the imputation models for [net] survival 

analysis, it is now considered best practice to employ the event indicator and the Nelson–

Aalen estimator of cumulative hazard function231,232, H(t), as opposed to the event indicator 

and the survival time as employed in Chapter 4. The imputation models used within the 

gformula in Stata (Chapters 7 & 8) may also suffer a lack on congeniality particularly for the 

models involving interactions, however the gformula command, in its current version, 

appeared only to accept main effects terms in the imputation models. Therefore, future 

employment of imputation models requires greater care in order to avoid biased results. 

 

                                                           

2 These papers were suggested by the external referee, but it was not possible to correct 

the models due to the Northern Ireland Cancer Registry closing down due Covid-19 

pandemic 
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9.4 Implication for future work 

9.4.1 Epidemiological development 

The analyses conducted in this thesis could be improved and extended to provide better 

insight into inequities in outcome both locally and nationally, in a number of ways listed 

below: 

1. Further collection and linkage of data capturing relevant clinical factors, with higher 

completeness, which are used in clinical decision-making at the MDT meetings, will 

improve the robustness of the study.  

2. Replication of these mediation analyses using routinely available data across the UK 

will allow nationwide comparison and give some insight into the direct contribution 

of each of the four nations to the lower survival outcome in the UK, in comparison 

with countries of similar health spend and cancer registration practices15. Regional 

variation could also be assessed. For instance, large variations in treatment rates 

across England’s Clinical Commissioning Groups have been observed in LC307, and a 

UK national study has shown large age-related differences in management and 

survival of patients with LC, independent of case-mix factors311.  

3. The same causal mediation approach could also be invoked to study inequities in 

outcomes across gender317, ethnicity4, and deprivation5 defined subgroups. 

In addition, qualitative research is warranted to understand better the clinical decision-

making process relating to diagnosis and treatment selection of older cancer patients. A well-

designed factorial experiment of videoed vignettes discovered, even when the participating 

GPs elicited sufficient information about symptoms, older patients were less intensively 

investigated319.  
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9.4.2 Methodological investigation 

It would be interesting to examine and compare the potential of alternative methods for 

dealing with mediator confounding in the presence of intermediate confounders. For 

instance, using the other two of the g-methods i.e. inverse probability weighting (IPW) and 

g-estimation, which are based on different modelling assumptions. IPW generates a pseudo-

population in which exposures are independent of confounders354, while g-estimation utilises 

the conditional independence between the exposure and potential outcomes354.  

IPW is the most frequently adopted methodology of the three g-methods, potentially owing 

to the increased number of didactic description of its implementation targeted towards an 

epidemiologic audience355. IPW fitting on marginal structural models (MSMs) have been 

applied to mediation setting61,356,357. On the other hand, g-estimation is the most flexible of 

the three g-methods, but it is also the most challenging to implement both conceptually and 

practically in mediation analysis (ref). Hence, it is the least popular and has had slow uptake 

in epidemiology research since being introduced in 1989. Sequential g-estimation has been 

used to perform mediation analysis357. 

G-computation is commonly held as a commendable substitute to IPW, as it produces more 

efficient (i.e. small standard errors) and more stable estimates in parametric settings and is 

better able to deal with heterogeneity involving confounding358. Although it could be 

computationally intense, a tremendous advantage is its ability to handle missing data by 

imputation utilising multiple chained-equation, thereby allowing the analysis to proceed on 

a population-basis – reducing biases that can occur with unrepresentative samples of the 

population.  

Upon reviewing a paper entitled “Mediation Analysis With Intermediate Confounding: 

Structural Equation Modelling Viewed Through the Causal Inference Lens”359, authored by 

the same authors of the Stata’s gformula, it became apparent that the definition of under-
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treatment (in this thesis i.e. X→M→Y) may not be equivalent to the Natural Indirect Effect 

(NIE) estimated by the g-computation mediation analysis of the Stata program gformula. The 

paper359 clarifies that the NIE will also include the pathway X→L→M→Y, which was assumed 

to be part of the Natural Direct Effect (NDE) along with X→L→Y and X→Y. This realisation 

occurred from an effort to understand the role of individual L variables, i.e. frailty, stage, 

comorbidities – in under-treatment using simple linear regression coefficients like in classic 

Structural Equation Modelling (SEM). Therefore, the DAG proposed here for under-treatment 

may not be a classic mediation DAG, but a partial mediation that consists only of the X→M→Y 

pathway. Further work is required to confirm this, and may require designing a bespoke g-

computation formula to estimate under-treatment. 

9.5 Implication for policy and practice  

National policies6–8, including cancer charities2,9, have reported potential UT citing potential 

variation in access to treatment12 and persistently lower survival in older cancer patients13, 

compared to younger. This thesis proposes a definition and method to evaluate UT in 

particular, and its contribution to the lower survival outcome in older adult NI cancer 

patients. This research has potential impact to the Health and Social Care NI (HSCNI), HSC 

Public Health Agency and Department of Health NI who are working to improve cancer 

patient outcomes, and relevant for public policy because of an ageing population, and the 

projected high cancer incidence rates in people aged 75 and over, until 203522.    

The most recent International Cancer Benchmarking Partnership report38 shows that survival 

in the UK is improving, but still lags behind that of comparable countries. Also, UK’s stage-

specific survival is lower than comparable countries15, and there is substantial variation 

in survival within the UK (e.g., 5-year survival for colon cancer is 63% in NI vs 57% in 

Wales38). Moreover, over 14,000 cancer deaths could be prevented each year in the UK for 

people aged ≥75 years, should the UK’s cancer-specific mortality rates matched those of the 
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USA42. Around 6,600-7,500 premature deaths could have been avoided within 5 years of 

diagnosis should cancer survival in Britain, during 1985-1999, matched the European 

average360.  Reasons for this include late diagnosis and poor delivery of care in some parts of 

the country361.  

In the last 40 years, there has been a 2% increase in LC survival in the UK362. Five-year survival 

decreases with increasing age362. and as the older LC population is set to increase and will 

constitute the majority by 203522. There has been a remarkable increase (41%) in CRC survival 

in the UK, in the last 40 years363, However, 5-year net survival decreases with increasing 

age363, and as the elderly CRC population is projected to increase22, poorer outcomes could 

follow due to increasing strain on the health system219, which is likely driven by funding 

contraints25, The ongoing financial pressure in the NHS make future improving trends in 

cancer survival for patients in the UK doubtful. 

The establishment of national cancer data collection and cancer screening programmes were 

important steps toward improving the quality of patient care. However, adequate resource - 

per capita spending on cancer in the UK is €41 lower, than the European average25 - is 

required to address shortages of key professionals2, ensure timely diagnosis187 and resolve 

the lengthy cancer treatment delays27. Specifically, more is required to help older patients, 

who have greater complexity and diversity of health status. For instance, older patients 

should have a comprehensive geriatric assessment (CGA) to ensure that an objective 

measure of life expectancy, and not age per se, is informing clinical decisions11. A review of 

the NICE guidance for cancer treatment shows no evidence of this training taking place, while 

evidence suggests that 66% of UK oncology trainees receive no bespoke training in managing 

older cancer patients18. Therefore, the regular production of UT official statistics could form 

part of the surveillance of cancer services between geographic arears in the UK. 
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9.6 Overall conclusion 

This thesis aimed to assess the potential for UT in older BC, LC and CRC patients and to 

quantify UT in a population-based observational cancer dataset, using a causal mediation 

analysis (i.e. g-computation formula), by examining the proportion of the deficit in survival 

between younger and older patients that is explained by lower clinically-specific treatment 

rates in the older. It also demonstrated record linkage of information from the NICR to the 

Census record via a multi-cohort study (i.e., NILS).  Some issues were encountered, and 

recommendations were made for future research and practice. Results revealed the 

potential for UT in the older BC, LC and CRC patients, and substantial evidence of UT in the 

older LC and CRC patients, after accounting for disease stage, poor PS, comorbidities and 

poor lung function (for LC only).  

This thesis advocates the importance of implementing CGA to provide more objective health 

assessment of older patients (as opposed to subjective attitudes) and collating richer and 

more comprehensive information, such as PS and patient choice in the MDT record, relating 

to individual cancer patients in order to assess UT more accurately. This will not only provide 

valuable insights into the optimal design of cancer care, but will also aid the conduct of 

observational studies with the principal goal of providing better outcomes for cancer 

patients. 
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Appendices 

Appendix 3.1a-c: 5-year conditional relative survival for breast, lung and colorectal cancer patients in Europe, showing low survival in both young and old 

in the eastern European countries. 
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Appendix 3.2: Meta-analysis regression assessing potential association between age and 

survival by cancer site. The first regression is for breast cancer, followed by lung cancer and 

then colorectal cancer. 
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Appendix 3.3a: Meta-analysis regression assessing potential association between cancer 

spend and survival in younger patients by cancer site. The first regression is for breast 

cancer, followed by lung cancer and then colorectal cancer. 
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Appendix 3.3b: Meta-analysis regression assessing potential association between cancer 

spend and survival in older patients by cancer site. The first regression is for breast 

cancer, followed by lung cancer and then colorectal cancer. 
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Appendix 3.4a: Meta-analysis regression assessing potential association in survival 

difference between young and old by cancer site. The first regression is for breast cancer, 

followed by lung cancer and then colorectal cancer. 
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Appendix 3.4b: Meta-analysis regression assessing potential association between cancer 

spend and difference in survival between young and old by cancer site. The first 

regression is for breast cancer, followed by lung cancer and then colorectal cancer. 
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Appendix 4.1: List and grouping of the 51 potentially curative surgical procedure codes, 

compiled by Thames Cancer Registry for colorectal cancer, used in Chapter 4 
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Appendix 5.1: Example of literature search strategy used in Chapter 5 

MEDLINE search strategy:  Ovid MEDLINE(R) <1946 to June Week 2 2017> 
1 Breast Neoplasms.mp. 275427 
2 Breast Neoplasms/ 269415 
3 Breast Neoplasms.mp. or Breast Neoplasms/ 275427 
4 breast carcinoma.mp. 23973 
5 breast cancer.mp. 250253 
6 Lung Neoplasms.mp. or Lung Neoplasms/ 204711 
7 lung carcinoma.mp. 20338 
8 lung cancer.mp. 140387 
9 Colorectal Neoplasms.mp. or Colorectal Neoplasms/ 83746 
10 Colonic Neoplasms.mp. or Colonic Neoplasms/ 68526 
11 colorectal cancer.mp. 90040 
12 colorectal carcinoma.mp. 13250 
13 bowel cancer.mp. 1957 
14 bowel carcinoma.mp. 253 
15 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 745584 
16 surgery.mp. 2492008 
17 breast conserving.mp. 6694 
18 bilateral mastectomy.mp. 513 
19 lumpectomy.mp. 2968 
20 quadrantectomy.mp. 542 
21 oncoplastic.mp. 743 
22 Mastectomy, Subcutaneous/ or Mastectomy, Extended Radical/ or 

Mastectomy, Segmental/ or Mastectomy/ or Mastectomy, Radical/ or 
Prophylactic Mastectomy/ or Mastectomy, Modified Radical/ or 
Mastectomy, Simple/ 

29530 

23 Lymph Node Excision/ 31310 
24 lobectomy.mp. 17269 
25 Pneumonectomy/ 25188 
26 wedge resection.mp. 3466 
27 segmentectomy.mp. 2869 
28 lymphadenectomy.mp. 16108 
29 Thoracotomy/ 10582 
30 bilobectomy.mp. 690 
31 Colectomy/ 16728 
32 Colostomy/ 8687 
33 Total mesorectal excision.mp. 2693 
34 Coloanal anastomosis.mp. 607 
35 Abdominoperineal resection.mp. 2568 
36 Anastomosis, Surgical/ 29687 
37 Proctocolectomy, Restorative/ 3138 
38 anterior resection.mp. 4195 
39 open surgery.mp. 16962 
40 keyhole surgery.mp. 106 
41 Thoracic Surgery/ 12248 
42 local resection.mp. 1537 
43 robotic assisted laparoscopy.mp. 120 
44 Colorectal Surgery/ 3085 



 

Page | 264  

45 resection.mp. 263920 
46 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 

or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 
41 or 42 or 43 or 44 or 45 

2588060 

47 15 and 46 148876 
48 under?treat*.mp. 5883 
49 incomplet*.mp. 123479 
50 insufficient*.mp. 115042 
51 inadequate*.mp. 106142 
52 omit*.mp. 16583 
53 inoperable.mp. 12363 
54 sub?optimal.mp. 38059 
55 sub?standard.mp. 1871 
56 restrict*.mp. 493750 
57 inferior*.mp. 146529 
58 lack*.mp. 722261 
59 limited.mp. 726548 
60 fail*.mp. 1182078 
61 less.mp. 1563329 
62 var*.mp. 4260816 
63 omission.mp. 9656 
64 differen*.mp. 5939475 
65 non?standard.mp. 1677 
66 over?treat*.mp. 4442 
67 aggressive.mp. 153886 
68 invasive.mp. 331907 
69 unnecessary.mp. 52032 
70 medical overuse/ or unnecessary procedures/ 6305 
71 extensive*.mp. 402811 
72 substantial.mp. 266594 
73 considerable.mp. 233163 
74 curative intent.mp. 6708 
75 Patient Selection/ 61275 
76 offer*.mp. 462797 
77 withhold*.mp. 17491 
78 un?satisf*.mp. 24022 
79 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 

or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 
73 or 74 or 75 or 76 or 77 or 78 

12042196 

80 47 and 79 80251 
81 Adult/ 4748608 
82 Young Adult/ 737026 
83 Aged/ 2896704 
84 Middle Aged/ 4104231 
85 young*.mp. 1285317 
86 old*.mp. 1330121 
87 elderly.mp. 238174 
88 geriatric.mp. or Geriatrics/ 93279 
89 "Aged, 80 and over"/ 844220 
90 81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 7729056 
91 80 and 90 55889 
92 stage.mp. 718243 
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93 frailty.mp. 11176 
94 functional status.mp. 23316 
95 performance status.mp. 23245 
96 choice.mp. 307139 
97 condition.mp. 480105 
98 Socioeconomic Factors/ or socio?economic.mp. 201065 
99 case?mix.mp. 622 
100 confound*.mp. 118201 
101 co?morbidity.mp. or Comorbidity/ 133130 
102 patient.mp. or Patients/ 2523905 
103 nottingham prognostic index.mp. 344 
104 age at diagnosis.mp. 18291 
105 (charlson co?morbidity index or charlson co?morbidity score).mp. 5012 
106 nodal status.mp. 4661 
107 node positive.mp. 6829 
108 cancer grade.mp. 429 
109 tumo?r.mp. 1688851 
110 risk of occurrence.mp. 899 
111 race.mp. 98896 
112 ethnicity.mp. or Ethnic Groups/ 108637 
113 Health Status/ or general health status.mp. 77919 
114 Axillary node status.mp. 235 
115 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 or 101 or 102 or 103 

or 104 or 105 or 106 or 107 or 108 or 109 or 110 or 111 or 112 or 113 or 
114 

5588622 

116 91 and 115 41449 
117 regression analysis/ or linear models/ or logistic models/ or proportional 

hazards models/ 
389458 

118 probability/ or odds ratio/ or risk/ or risk factors/ 968120 
119 cox regression.mp. 41209 
120 univariate.mp. 96160 
121 Multivariate Analysis/ or multivariate.mp. 357754 
122 Kaplan-Meier Estimate.mp. or Kaplan-Meier Estimate/ 61051 
123 regression.mp. 722662 
124 Chi-Square Distribution/ or chi-square.mp. 116274 
125 mediation.mp. 26320 
126 Causality/ or causal inference.mp. or Models, Statistical/ 103586 
127 (gcomputation or g-computation or g computation).mp. [mp=title, 

abstract, original title, name of substance word, subject heading word, 
floating sub-heading word, keyword heading word, organism 
supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 

83 

128 (g-formula or gformula or g formula).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, floating sub-
heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms] 

135 

129 (gestimation or g-estimation or g estimation).mp. [mp=title, abstract, 
original title, name of substance word, subject heading word, floating 
sub-heading word, keyword heading word, organism supplementary 
concept word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms] 

98 
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130 causal mediation.mp. 222 
131 effect decomposition.mp. 37 
132 total causal effect.mp. 11 
133 natural direct effect.mp. 30 
134 natural indirect effect.mp. 32 
135 conditional exchangeability.mp. 4 
136 (inverse probability weighting or IPW).mp. [mp=title, abstract, original 

title, name of substance word, subject heading word, floating sub-
heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms] 

929 

137 117 or 118 or 119 or 120 or 121 or 122 or 123 or 124 or 125 or 126 or 
127 or 128 or 129 or 130 or 131 or 132 or 133 or 134 or 135 or 136 

1988356 

138 116 and 137 12885 
139 Survival/ or Survival Rate/ or Survival.mp. 1137528 
140 mortality.mp. or Mortality/ 1055066 
141 life expectancy.mp. or Life Expectancy/ 37858 
142 probability of surgery.mp. 82 
143 local recurrence.mp. 27893 
144 loco?regional recurrence.mp. 3073 
145 Neoplasm Recurrence, Local/ or metastatic recurrence.mp. 109958 
146 distant control.mp. 483 
147 distant metastasis.mp. 17677 
148 rate.mp. 2158448 
49 139 or 140 or 141 or 142 or 143 or 144 or 145 or 146 or 147 or 148 3592850 
150 138 and 149 10162 
151 limit 150 to (english language and humans and journal article) 9505 
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Appendix 5.2: Quality assessment criteria, based on Newcastle - Ottawa Quality 

Assessment Scale Cohort Studies253 

NOTE: A study can be awarded a maximum of one star for each numbered item within the 

Selection and Outcome categories. A maximum of two stars can be given for Comparability 

Selection 

1) Representativeness of the exposed cohort 

a) truly representative of the average YOUNG AND/OR OLD SURGICALLY TREATED 

CANCER (BREAST/LUNG/COLORECTAL) PATIENTS in the community   

b) somewhat representative of the average ______________ in the community   

c) selected group of users eg nurses, volunteers 

d) no description of the derivation of the cohort 

2) Selection of the non exposed cohort 

a) drawn from the same community as the exposed cohorts (YOUNG AND/OR OLD 

NON-SURGICALLY TREATED CANCER (BREAST/LUNG/COLORECTAL) PATIENTS 

b) drawn from a different source 

c) no description of the derivation of the non exposed cohort  

3) Ascertainment of exposure 

a) secure record (eg SURGICAL/MEDICAL RECORDS)  

b) structured interview  

c) written self report 

d) no description 

4) Demonstration that outcome of interest was not present at start of study 

a) yes (NO SURGERY BEFORE ENTERING STUDY) 

b) no 

Comparability 

1) Comparability of cohorts on the basis of the design or ANALYSIS 

a) study controls for AGE (OLD VS YOUNG) (select the most important factor)  
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b) study controls for any additional factor (COMORBIDITY, PERFORMANCE STATUS, 

FUNCTIONAL STATUS WITH OR WITHOUT PATIENT CHOICE, CANCER STAGE ETC.)  (This 

criteria could be modified to indicate specific control for a second important factor.) 

  

Outcome 

1) Assessment of outcome  

a) independent blind assessment   

b) record linkage (RATE OF SURGERY/NO SURGERY BY AGE) 

c) self report  

d) no description 

2) Was follow-up long enough for outcomes to occur 

a) yes (6 MONTHS) (select an adequate follow up period for outcome of interest)  

b) no 

3) Adequacy of follow up of cohorts 

a) complete follow up - all subjects accounted for   

b) subjects lost to follow up unlikely to introduce bias - small number lost - > _3_ % (select 

an                     adequate %) follow up, or description provided of those lost) 

c) follow up rate < % (select an adequate %) and no description of those lost  

d) no statement 
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Appendix 5.3: Methodological quality assessment of the included studies 

Study Selection Comparability Outcome Total 

August 1994 **** * *** 8 

Ballard-Barbash 1996 ***  ** ** 7 

Bates 2014 **** * *** 8 

Berry 2013 **** ** ** 8 

Bergman 1991 *** * ** 6 

Bouchardy 2003 **** 85+ only *** 6 

Forrest 2014 *** ** ** 7 

Giordano 2005 **** ** *** 9 

Hall 2004 *** * ** 6 

Hamaker 2013 *** * *** 7 

Janssen-Heijnen 2004 *** * ** 6 

Janssen-Heijnen 2007 *** * ** 6 

Jazieh 2002 *** * ** 6 

Jeevan 2017 **** * *** 8 

Jonker 2012 *** * *** 7 

Kuzan 2013 *** * *** 7 

Latkauskas 2005 *** * * 5 

Lavelle 2007 **** ** **3 months 8 

Lavelle 2014 **** ** **3 months 8 

Lavelle 2012 *** ** ** 7 

Morgan 2015 **** * *** 8 

Naeim 2006 **** 
*Type of 
surgery(adjust) 

** 7 

Neuman 2013 ***   *** 6 

Palma 2010 **** * *** 8 

Quipourt 2011 *** * ** 6 

Satoh 2009 *** * ** 6 

Serra-Rexach 2012 **** 
**Old used as 
reference 

*** 9 

Shahir 2006 **** * *** 8 

Sheridan 2014 ***   *** 6 

Shirvani 2012 **** * *** 8 

Shirvani 2014 **** * *** 8 

Smith 1995 **** * *** 8 

Van Leeuwen 2011 ***   *** 6 

Wyld 2004 *** * * 5 

Average       7.5 

Range        5-9 
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Appendix 6.1: Total Causal Effect of age on survival estimated using the 

conventional regression method. 
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Appendix 6.2: Natural Direct Effect (NDE) of age on survival estimated using the 

conventional regression method. 

  



 

Page | 272  

Appendix 8.1: Specimen of the 2011 N. Ireland Census Individual Questionnaire 

form
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Appendix 8.2: Application forms 

Appendix 8.2.1: NILS Application form 

PART A: USER AND STUDY DETAILS 

SECTION A1  APPLICATION DETAILS 

Study Title 

This should be a brief informative summary of the research proposal. 
Quantifying surgical under-treatment in older adult cancer patients 

 

Proposed Start Date (DD/MM/YY) 

Proposed End Date   (DD/MM/YY) 

 
Please ensure that you propose a realistic end date. This can only be 

amended at a later stage in exceptional circumstances. 
 

Contact Details of the Chief Researcher 

Title Mr 

Name Abdul Qadr Akinoso-Imran 

Position PhD Student 

Organisation Queen’s University Belfast 

Address Centre for Public Health, Institute of Clinical Sciences B, 
RVH 

Telephone  

Email Address aakinosoimran01@qub.ac.uk 

Date of last 
Safe 

Researcher 
Training (SRT) 

In process 

Date of last 
Approved 

Researcher 

Status (ARS) 

In process 

 

Contact Details of Other Researcher(s) 

Please provide details of all other researchers on the  project team. 

Name Organisation Email Address 
Date of 
last SRT 

Date of last 
ARS 

Finian 
Bannon 

Queen’s University 
Belfast 

f.j.bannon@qu
b.ac.uk 

In process In process 

01/06/17 

01/09/20 
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David Wright Queen’s University 

Belfast 

d.wright@qub.

ac.uk 

  

 

Please ensure that all named researchers provide their signature 

above. 

 

SECTION A2  BACKGROUND AND AIMS OF THE STUDY 

Project Summary/Abstract  
This will be published on the NILS-RSU website if the research proposal is 

approved (circa 250 words).  See current projects 
 

 

 I agree to protect the confidentiality of the NILS/NIMS data. 

 

 I will follow all the ‘Dos and Don’ts’ as published by the NILS 

team. 

 

 I will read and sign the NILS Licence Agreement, NILS 

Disclosure  Control Policy and NILS Security Policy upon approval of 

this application. 

 Signature:                Date: 07/03/2017 

      

   
 (electronic signatures accepted here) 

http://www.qub.ac.uk/research-centres/NILSResearchSupportUnit/Projects/Current/
http://www.qub.ac.uk/research-centres/NILSResearchSupportUnit/GuidesResources/Access/Steps8-10AnalysisandOutputs/
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Relevance of Research Proposal to NILS/NIMS 

Cancer is amongst the leading causes of morbidity and mortality worldwide 

and is the most common cause of death (29%) in Northern Ireland [1]. The 
number of people over 65 is projected to increase by 40% in NI, between 
2010 and 2026. Older adults are less likely to receive optimal curative 

cancer therapies and have poorer survival outcomes [2,3]. 

Investigation into sub-optimal treatment in elderly cancer patients has not 

adjusted for the combined-effects of key variables such as stage, 
comorbidity and frailty. In particular, self-reported morbidities and frailty 
markers derived from the Census data have not been used. In addition, few 

studies have assessed UT’s effect on net survival, and none have adopted 
a causal-inference methodological approach.  

This research aims to determine: 

a) whether there is curative surgical UT in older adult breast, colorectal, 
and lung cancer patients.  

b) whether UT reduces net survival for breast, colorectal and lung cancers.  

c) a causal inference methodology to address aims a) and b). 

From the Northern Ireland Cancer Registry (NICR), a population-based 
cancer registry, 1,700 breast, 1,500 lung, and 1,500 bowel cancer patients 
will be linked to the Northern Ireland Longitudinal Study (NILS). The NICR 

will bring patients’ tumour (e.g. stage), treatment modality, and 
comorbidity information. The NILS dataset health information on frailty 

(e.g. Q22, 2011 Census) and comorbidity (Q23, 2011 Census), ethnicity, 
and socio-economic factors.  

The combining of key variables from both NICR and NILS will provide an 

unprecedented opportunity to adjust for relevant sources of confounding at 
an individual level. Using causal-inference methods, the results will be 

comparable to the gold-standard randomized trial, which reduces the risk 
of confounding through randomization of the experimental units, allowing 

stronger conclusions, in relation to causality, to be made from an 
observational study. 

References: 

1. NISRA - Registrar General Annual Report 2014: Cause of Death. 
Available at: 

http://www.nisra.gov.uk/archive/demography/publications/annual_report
s/2014/CauseOfDeath.pdf. Accessed 13/03/2017 

2. Bouchardy C, Rapiti E, Blagojevic S, Vlastos AT and Vlastos G. Older 

Female Cancer Patients: Importance, Causes, and Consequences of 
Undertreatment. J Clin Oncol (2007) 25:1858-1869.  

3. Søgaard M, Thomsen RW, Bossen KS, Sørensen HT, Nørgaard N. The 
impact of comorbidity on cancer survival: a review. Clinical Epidemiology 
2013:5 (Suppl 1) 3–29 

http://www.nisra.gov.uk/archive/demography/publications/annual_reports/2014/CauseOfDeath.pdf
http://www.nisra.gov.uk/archive/demography/publications/annual_reports/2014/CauseOfDeath.pdf
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Please provide evidence of the longitudinal aspect to the research and 
explain how the NILS/NIMS data is uniquely placed to contribute to the 

study.  

This project looking at cohorts of cancer patients diagnosed between 

2011-2015 compiled in a dataset by the NICR, and will be linked to the 
2011 Census and therefore meets the longitudinal criterion required for a 

NILS project. The NILS and NICR have the full complement of data 
required to answer the research question in the census year 2011. The 
quality of staging, comorbidity, and treatment information in NICR has 

increased to sufficient levels in the last 10 years. From the NILS dataset, 
we require the health information on frailty (e.g. Q22, 2011 Census) and 

comorbidity (Q23, 2011 Census) only available in 2011. 
 
However the NILS data is uniquely placed to contribute to this study 

because it is very difficult to capture frailty data (albeit self-report, which 
has shown good correlation to objective performance status data). In 

addition, the ability to adjust at an individual level for socio-economic 
factors and ethnicity is unprecedented.  
 

The primary question is to assess the relationship between age and 
treatment rates, and requires a combination of necessary variables to 

adjust for multiple sources of confounding that have been identified in the 
literature (disease stage at diagnosis, patient frailty, and comorbidity). 
Detailed information on the cancer, its stage, treatment, and patient 

comorbidity will be linked in from the NICR register.  
 

A secondary question for the research project is to assess whether 
surgery improved net survival in the elderly as compared to the younger 

cancer patient. NILS database will allow net survival to be determined. 
For this, we will require full date of death of patients plus cause of death. 

 

Please provide a brief summary of what is known to date about your 

chosen topic and how the proposed research would contribute. 

Healthy life expectancy is increasing for both men and women since the 
foundation of the NHS. Although according to guidelines, age should not 
be the determining factor for receiving cancer treatment, there is evidence 

that some older people are offered less intensive, sub-optimal treatment. 
A recent publication by the National Cancer Intelligence Network (NCIN) 

reveals that for thirteen cancer types, “older patients were less likely to 
have had surgery, and this decline often started from the youngest age 

group” [1]. Studies have also shown that in older adults, surgery [2,3] 
and standard treatments [4] are often omitted. Concerning breast cancer, 
the disparity in treatment rates cannot be explained by differences in 

tumour characteristics, comorbidity, and patient choice or poor health 
[2,5,6]. Comorbidity has been suggested as the main cause for denying 

older patients surgery [7], but frailty is also considered a distinctive risk 
factor for major morbidity, mortality, extended length of hospital stay and 
institutional discharge [8].  
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While the association for UT and age has been adjusted by a variety of 

variables, there are no studies showing the simultaneous adjustment for 
frailty, disease stage, and comorbidities in a population-based setting. In 
addition, causal inference methods [9], such as IP-weighting or g-formula, 

have not been applied (due to the lack of credible confounding control to 
ensure exchangeability). This study will pioneer a causal inference 

approach with adequate confounding control [10], to better measure UT. 
Generalisability of the methods explored can be assessed by applying 
methods to different cancer sites. Although—based on preliminary 

analysis of lung cancer data—surgical under treatment will be the main 
focus, we will need to assess treatment levels in other treatments in order 

to attain a holistic picture.  The results of the study will provide stronger 
evidence for a dialogue with clinicians about treatment decision-making in 
the elderly, and re-inforce calls for more in-depth and consistently-applied 

geriatric assessment of elderly cancer patients. The research will show if 
UT is affecting in the net survival of cancer patients.  

 
References: 
1. Major resections by cancer site, in England; 2006-2010, National 

Cancer Intelligence Network, PHE  
 

2. Lavelle K, Moran A, Howell A, Bundred N, Campbell M, Todd C. Older 
women with operable breast cancer are less likely to have surgery. Br J 
Surg 2007;94(10):1209–16. 

 
3. Bouchardy C, Rapiti E, Blagojevic S, Vlastos AT, Vlastos G. Older 

female cancer patients: importance, causes, and consequences of 
undertreatment. J Clin Oncol 2007 May 10;25(14):1858-69. 

 
4. Lavelle K, Todd C, Moran A, Howell A, Bundred N, Campbell M 
(2007b) Non-standard management of breast cancer increases with age 

in the UK: a population based cohort of women>or =65 years. Br J 
Cancer 96: 1197–1203. 

 
6. Lavelle K, Downing A, Thomas3 J, Lawrence G, Forman D and Oliver 
SE. Are lower rates of surgery amongst older women with breast cancer 

in the UK explained by co-morbidity? British Journal of Cancer (2012) 
107, 1175–1180 

 
6. Lavelle K., Sowerbutts A. M., Bundred N., Pilling M., Degner L., 
Stockton C., and Todd C. Is lack of surgery for older breast cancer 

patients in the UK explained by patient choice or poor health? A 
prospective cohort study. BJC (2014) 110, 573–583 

 
7. BASO (British Association of Surgical Oncology Breast Speciality 
Group) (1998) Guidelines for surgeons in the Management of 

Symptomatic breast disease in the Unitied Kingdom, 1998 revision, Eur J 
Surg Oncol 24(6): 464 – 476 
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8. Lin H. S., Watts J. N., Peel N. M. and Hubbard R. E. Frailty and post-

operative outcomes in older surgical patients: a systematic review. BMC 
Geriatrics (2016) 16:157 
 

9. Hernán MA RJ. Causal inference. Boca Raton: Chapman & Hall/CRC, 
forthcoming; 2016. 

 
10. VanderWeele TJ, Hernan MA, Robins JM. Causal directed acyclic 
graphs and the direction of unmeasured confounding bias. Epidemiology. 

2008 Sep;19(5):720-8.  

 

Relevance of Research Proposal to Health & Social Care 

Please indicate how the research proposal relates to Health & Social Care 
research. 

This research will have a direct impact on clinical practice in the Health and 
Social Care Trusts in Northern Ireland. It will measure UT and the possible 

impact of this on net survival of cancer patients. If there is under treatment 
discovered it will start a dialogue with clinicians about treatment decision-
making in the elderly, and re-inforce calls for more in-depth and 

consistently-applied geriatric assessment of elderly cancer patients. The 
net result could be that we assess elderly patients more closely, and treat 

more of them with curative surgery. 
The pioneering methodology could also serve as a template for other health 
services research. In addition, the successive demonstration of the use of 

observational data in measuring under treatment and treatment 
effectiveness may stimulate the better collecting of this data in 

Multidisciplinary Team Meetings, and by hospital IT systems. 

 

Please indicate how the research may support the 

development/delivery of public policy, public service delivery or 

serve the public good.  Please reference any local or national 

policies where possible.   

 

Research into the elderly is very relevant for public policy since the number 
of people over 65 is projected to increase by 40% in NI, between 2010 and 

2025, and the older adults’ size (i.e. those over 85) is expected to almost 
double [1]. With this growing proportion of elderly patients making up the 

NI population, better treatment outcome for these patients will significantly 
enhance the public health in Northern Ireland. This research is of great 
interest to the Health and Social Care NI (HSCNI), HSC Public Health 

Agency and Department of Health NI since they are directly involved in 
working to improve the health of the population.  

 
The study will stimulate a change in clinical decision-making perhaps 
requiring extra resource to adequately and objectively assess elderly cancer 

patients whose overall health issues may be more complex than younger 
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patients. Better forms of comprehensive geriatric assessment [2] will be 

required to sufficiently distinguish within the much wider spectrum of health 
status in elderly patients [than younger]. This study should also be of 
interest to general practitioners, cancer charity organizations and anybody 

working in the care of the elderly, as it would raise awareness, increase 
knowledge of the possible consequences of UT, and directly affect the way 

in which care is provided to the elderly with cancer.  
 
Reference: 

1. Janice Thompson (2016). Transforming Health and Social  
Care in Northern Ireland – Services and Governance. Research and 

Information Service Briefing Paper. Northern Ireland Assembly NIAR 149-
16, Paper 40/16. 
2. Extermann M, Aapro M, Bernabei R, et al. Use of comprehensive 

geriatric assessment in older cancer patients: recommendations from the 
task force on CGA of the International Society of Geriatric Oncology 

(SIOG). Crit Rev Oncol Hematol 2005;55(3):241–52 

 

Prior Experience of Researcher 

Please provide detail of your experience or understanding of using 

longitudinal data and of handling potentially disclosive microdata. 

The chief researcher, Abdul Qadr, has studied the literature available on 
the NILS website, including the NILS Working Paper 1.0 and the NILS 

Cohort Profile to understand the procedures involved in completing a 
project using NILS databases and to be acquainted with the importance of 
maintaining confidentiality. He has also completed confidentiality training 

at the NICR, which dealt with handling potentially disclosive data. 
“Protection of patient information is a priority within the Registry and strict 

confidentiality rules are applied to prevent identification of individual 
patient details” [1]. “All confidential information within the Registry is 
encoded, protected by security systems and destroyed when no longer 

needed. No publication of results will enable any individual to be identified” 
[2]. The study will be part of Abdul’s PhD thesis investigating methods to 

measure undertreatment in cancer patients. 
 

The applicant will be supervised by Dr. Finian Bannon, a Lecturer in Medical 
Statisitics, in the Centre of Public Health, Queen’s University Belfast.  
 

Dr. Bannon worked in the NICR from 2006-2015 as a biostatistician. He has 
received much training over the years in the sensitive handling of patient 

level information.  He completed analysis of audit data, produced the official 
statistics of NI, and answered numerous statistical queries that involved a 
confidentiality check on small numbers etc. He also worked in the London 

School of Hygiene and Tropical Medicine in an international cancer survival 
project CONCORD which involved cleaning and analyzing patient-level 

cancer data from 279 cancer registries world-wide. This involved reading 
and signing many confidentiality declarations required by registries for the 
release of their data to third parties. He recently (since Christmas 2016) 
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completed confidentiality training at the NICR, which dealt with handling 

potentially disclosive data. 
 
Abdul Qadr and Dr. Finian Bannon have been working on audit data at the 

Registry in preparing this application (see below) under sample size. In 
preparation for the project, Abdul Qadr and Dr. Finian Bannon have 

discussed the study with a research fellow, Dr. David Wright who has 
extensive knowledge on the feasibility of data-linkage projects as he 
collaborates and has published with one of the pioneers of NILS, Dr. Dermot 

O’Reilly. 
 

References: 
1. N. Ireland Cancer Registry – The Registry: Available at 
http://www.qub.ac.uk/research-centres/nicr/AboutUs/Registry/. Accessed 

on 02/03/2017.  
 

2. N. Ireland Cancer Registry – Confidentiality & Governance: Available at 
http://www.qub.ac.uk/research-
centres/nicr/AboutUs/Registry/confidentiality-governance/. Accessed on 

02/03/2017.  

 

Planned Publication and Dissemination of Findings 

Please provide detail on the relevant stakeholders for the research. 

 

Health bodies such as Department of Health (DoH), Public Health 

Agency, Health and Social Care Board, Department of Health 

(England); please specify:   

The N. Ireland Cancer Registry (NICR) is located in the Centre for 

Public Health, Queen's University Belfast and is funded by the 

Public Health Agency for Northern Ireland, in turn part of the 

Department of Health, Social Services & Public Safety N.I 

(DHSSPSNI).  The NICR, through data transfer agreements, 

receives its primary information from pathology reports and 

Patient Administration System records, from the Health and Social 

Care Trusts. It receives death certificate information from the 

General Register Office. 

 

Other Government Department; please specify:  

This project is funded by the Department of Education and 

Learning Northern Ireland (DELNI)      

 Research Council, Charitable Foundation; please specify:       

 NISRA; please specify: 

 Other; please specify:       

http://www.qub.ac.uk/research-centres/nicr/AboutUs/Registry/
http://www.qub.ac.uk/research-centres/nicr/AboutUs/Registry/confidentiality-governance/
http://www.qub.ac.uk/research-centres/nicr/AboutUs/Registry/confidentiality-governance/
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Indicate how you plan to publicise and disseminate the findings of the 

study.   

 

Refereed journals 

The Breast (Elsevier), Clinical Colorectal Cancer (Elsevier), Lung 

Cancer (Elsevier), British Journal of Cancer, Journal of Cancer. 

 
Report for Government Department, Research Councils or other 

sponsors 

 Internal NISRA reports 

 

Presentations (conferences, workshops, seminars): 

Cancer Outcomes Conference 

Breast Cancer Conference 

UK and European Public Health Conference  

Scheduled Queen’s University conferences, workshops, seminars 

Journal club at the Centre for Public Health 

 Other; please specify:       

 

You will be required to periodically provide updates on any policy 

relevance, impact or dissemination activities.  This will be 

throughout the life of the project and for a period afterwards. 

PART B: SPECIFYING DATA EXTRACT 

SECTION B1  STUDY POPULATION 

Dataset to be Used (please select).  NILS   NIMS  

Study Population 

Please provide a description of the population selected for the study 

specifying as much detail as possible.  Please consider gender, age group, 
timeframe and the link to Census data. 

For example, all male NILS members aged between 15-44 enumerated at 
the 2001 Census and/or the 2011 Census. 
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We would like to link, from the Northern Ireland Cancer Registry (NICR), 

a population-based cancer registry, 1,700 female breast, 1,500 lung, and 
1,500 bowel cancer patients (≈4,700 patients in total) to the 2011 
Census, Northern Ireland Longitudinal Study (NILS). These patients were 

diagnosed with cancer from 2011-2015 inclusive. 
 

These cohorts of patients will represent all cancer patients that are linkable 
to the 28% NILS 2011 Census, and hence will not be defined by any 
demographic variables apart from their diagnosis of cancer. Although the 

main interest of the study is UT in curative treatment, we are still 
interested in assessing the entire ‘treatment context’ of the patients for a 

comprehensive understanding.  
 
We would like the patients’ death information (follow-up) up to 

December 2016. 

 

 
Estimated Sample Size 

Please include details of the size of the sample and any subgroups that 

may be the focus of any analysis.  Alternatively provide power calculations. 

Where possible, please include references for your estimates and please 

show the calculations used to generate your final sample size. 
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To maximize the research potential of the study we wish to link in the 

maximum number of lung, breast (female), and colorectal cancer 
patients diagnosed in the period 2011-2015 inclusive to the NILS 
dataset. We estimate the number of patients to be 4,700 (see site 

breakdown in Abstract) in total given the annual incidence and the 28% 
proportion of patients within the NILS data. Our primary interest is 

surgical UT, but we need to investigate this holistically, should the 
reception of other treatments be a confounding factor in determining 
surgery rates. It is still necessary, though, to estimate the sample sizes 

required for the primary questions (surgical UT) to ensure that we have 
enough power to detect credible levels of UT. 

 
We could only complete full power calculation for surgery rates in lung 
cancer patients because it is only with the lung cancer Multidisciplinary 

Team Meeting (from the Cancer Patient Pathway System [CaPPS]) that 
the necessary comorbidity (heart disease, Chronic Obstructive 

Pulmonary Disease), and performance status (ECOG) information are 
available in Northern Ireland.  Therefore, it was possible to calculate a 
sample size for lung cancer patients for the main research question—

the difference in surgery rates between age groups (<75 and >=75)—
adjusting for confounding of stage, comorbidity (heart disease, Chronic 

Obstructive Pulmonary Disease), performance status (ECOG). For 
surgery, the inclusion criteria were stage 1, 2, and ECOG status 0,1. 
We estimate conservatively that 250 patients will fall into this category 

each year. With the years 2011-2015, we expect 1125 patients x 0.28 
(NILS) factor to give 315 patients. We observed differences in surgery 

rate of 73% and 42% for <75 and >=75 respectively, having adjusted 
for confounders. With a sample size of 315 patients, we would be able 

to observe 73% vs 57% at the 0.05 alpha and 80% power. We did not 
find any difference in radio-therapy or chemotherapy rates between age 
groups (<75 and >=75) on doing a similar analysis to the one above. 

 
We observed differences in breast cancer surgery rates (96% vs 

76.8%) between age groups (<75 and >=75), and in colorectal cancer 
surgery rates (47.5 vs 36.4%) between age groups (<75 and >=75) in 
stage IV patients. We cannot do a full power calculation to estimate the 

number of patients to detect significant differences in surgery rates for 
breast and colorectal patients, as the ECOG information required is not 

sufficiently recorded in CaPPS. However, we are confident, based on the 
lung cancer power calculations, that we will have sufficient patient 
numbers to detect clinically meaningful differences in surgery rates 

between age groups, because there is a much higher surgery rates 
among breast and colorectal cancer patients. 

 

Requested Datasets 

 

Census Data     

1981     
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1991   

2001      

2011      

     

Vital Events Data  Event Dates  

Deaths (NIMS only)  from  to  

 

Deaths of household members 

(NILS only) 

 

 from 2011 to 2015 

 

Births of NILS Members 

 

 

 

from       

 

to       

 

Births to NILS Mothers 

 

 

 

from       

 

to       

 

Births to NILS Fathers 

 

 

 

from       

 

to       

 

Marriages 

 

 

                

 

       

 

from       

 

to       

Migration data  

(NILS only) 

 

  

Internal Migration  from       to       

 

Immigration/Re-entrants 

 

 

 

from       

 

to       

 

Emigration 

 

 

 

from 2011 

 

to 2015      

 

Variables Required 

Please complete this section using the NILS Data Dictionary and, if 

necessary, in consultation with the NILS-RSU.  Please add more rows as 
necessary.  
Please note this dataset can only be updated at a later stage through a 

project modification form. Weblink to data dictionary.  Please note there is 

a Microsoft Access version of the Data Dictionary that allows the creation 
of a variable list which can be inserted below.  

http://www.qub.ac.uk/research-centres/NILSResearchSupportUnit/Variables/
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Table Name 

 
Variable Name 

Justification for Inclusion 
(necessary for all 

Restricted variables) 

CENSUSP_2011 
(C111) 

NILS_MEMBERP1 NILS Member Indicator 

 NILSID  

 CENSUSPID1  

 CENSUSHID1  

 AGEP1 To allow age difference 
analysis 

 SEXP1 Only women are included 
for breast cancer study 

 ETHP1 Restricted 
Treatment rates have been 
shown to vary across 

ethnicities [1-2]. This 
coupled with a potentially 

greater proportion of 
ethnic diversity in the 
younger patients, could 

lead to confounding, thus 
biasing the age effect. 

 ECOCATP1 Important SES indicators 

 EMPSTATP1 “ 

 EMPLOYP1 “ 

 FMSP1 “ 

 HOURSP1 “ 

 HLQP1 “ 

 NSSECP1 “ 

 OCCP1 “ 

 UNEMPHISTP1 “ 

CENSUSP_2011 
(C111) 

DISABILITYP1 Limiting long term illness 
may indicate frailty 

 HEACONDP1 Comorbidity [3] and frailty 
[4] reduce surgery rates in 

the elderly. Self-reported 
health is widely used as 

proxy for health status [5] 
since it predicts morbidity 
and mortality well [6,7].  

 HEACONBP1 “ 

 HEACONCDP1 “ 

 HEACONMDP1 “ 

 HEACONLDP1 “ 

 HEACONMHCP1 “ 

 HEACONLTP1 “ 

 HEACONDBP1 “ 

 HEACONMLP1 “ 

 HEACONCIP1 “ 
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 HEACONOCP1 “ 

 HEACONP1 “ 

 HEALTHP1 General health likely to 

influence treatment 
decision 

 HEALTH_IMPP1 Imputation 

 DISABILITY_IMPP1 “ 

 DISABILITYP1 Disability 

EVENTS NILSID Unique ref no 

 LINKID Ref no for event 
occurrence  

 EVENT_TYPE_CODE Name of the Event 
Occurrence  

DEATHLINKS CENSUSPID Ref no 

 CENSUSHID “ 

 GRODID Ref no for death event 

DEATHSSTATS GRODID “ 

 MAINCAUSE Main Underlying Cause of 

Death 

 DTHYR Year of Death for 

describing and Q&A death 
information 

 DTHMNTH Month of Death for 
describing and Q&A death 
information 

 ICD10CHAP Classification of Death 

XDEATH_DETAILS X_DETAILEDICD10LIST Int. Classification of 
Diseases 

Migration events DATEMOVED  Date of migration event - 
This will be used to censor 
individuals on the date 

they left NI 

 CHANGETYPE Variable that identifies the 

type of migration event. 
We will be interested in EM 

Properties X_SETTLEMENTBAND Rural Urban band for 
access to treatment 
potential confounder 

 

References: 

1. Morris AM, Rhoads KF, Stain SC, Birkmeyer JD. Understanding Racial 

Disparities in Cancer Treatment and Outcomes. J Am Coll Surg 

(2010)Vol. 211, No. 1. 

2. Lee DY, Teng A, Pedersen RC, et al. Racial and Socioeconomic 

Treatment Disparities in Adolescents and Young Adults with Stage II–III 

Rectal Cancer. Ann Surg Oncol (2017) 24:311–318  
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3. Sarfati D, Koczwara B, Jackson C. The Impact of Comorbidity on 

Cancer and Its Treatment. CA Cancer J Clin 2016;66:337-350 

4. Farcet A, de Decker L, Pauly V, Rousseau F, Bergman H, Molines C, et 

al. (2016) Frailty Markers and Treatment Decisions in Patients Seen in 

Oncogeriatric Clinics: Results from the ASRO Pilot Study. PLoS ONE 

11(2): e0149732. 

6. Wright DM, Rosato M, O’Reilly D. Which long-term illnesses do people 

find most limiting? A census-based cross-sectional study of 340,000 

people. Int J Public Health (2016). doi:10.1007/s00038-016-0929-2 

6. Idler, Ellen L., Benyamini, Yael, 1997. Self-rated health and mortality: 

a review of twenty-seven community studies. Journal of Health and 

Social Behavior 38 

(1), 21–37. 

7. Fayers, P., & Sprangers, M. (2002). Understanding self-rated health. 

The Lancet, 359,187e188. 

Derived Variables 

You may need to have new variables included in your project dataset 
which can be generated by the NILS-RSU using existing NILS/NIMS data 

(including confidential or restricted variables).  Please list the input 
variables required for the derivation and, where possible, show how the 

new variable will be derived. 

 

 

Additional Information 

Please outline any requirements you may have in relation to attaching 
external data (other than area-based data at Super Output Area level or 

above) to your project dataset. 
 

SECTION C1  LINKING INDIVIDUAL LEVEL DATA 

 

A project that involves the linking of individual level data to the NILS is 

called a Distinct Linkage Project (DLP).  DLPs require further steps to 

be undertaken to comply with legislation and safeguard the confidentiality 
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of the data.  Please ensure a letter of support from the external data 

supplier is submitted to NILS-RSU along with the application form. 

Description of Individual Level Data 

 
Data Supplier 

Northern Ireland Cancer Registry (NICR) 

 

Please describe the individual level data and provide information on the 

Data Custodian and how the data was collected. 

The NICR registers all cancers diagnosed in Northern Ireland. Individual-

level tumour and patient information include clinical tumour information, 
patient demographics, and treatment modality. The information is 

gathered from electronic pathology reports, Patient Administration 
System (PAS) hospital episode data. In addition, Tumour Verification 
Officers will confirm diagnosis from the patient’s medical chart where 

there is less than 2 of the electronic sources confirming diagnosis. 
The NICR is housed within a secure venue with highly restricted access, 

and tight policies surrounding information usage, and production of 
statistical outputs. The Register is managed on an internal server 
network with no access to any external IT system. These policies and 

practices are in place to ensure the confidentiality of patient information. 
More detail of these is available here: http://www.qub.ac.uk/research-

centres/nicr/FileStore/Filetoupload,733791,en.docm  
 
This study will make use of colorectal, breast and lung cancer 

tumour/patient level data diagnosed from 2011 to 2015 using the 
patients unique Health and Care Number to link to the NILS datasets. 

 
 

 

Individual Level Data Variable List 

Variable Name Description Justification for Inclusion 

Stage Set of variables with the 

TNM tumour classification 

Inclusion criteria and 

potential confounder 

Comorbidity ICD10 codes from Patient 

Administration System 

Potential confounder 

Morphology  Inclusion criteria 

Tumour size Tumour radius in mm potential confounder 

Nodes examined Number potential confounder 

Nodes positive Number with evidence of 
disease 

potential confounder 

Metastasis Presence or not potential confounder 

Age of diagnosis Requires date of diagnosis Main exposure 

Treatment Surgery, but also 
chemotherapy and 

radiotherapy OPCS codes 

Outcome, potential 
confounders 
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Stage Set of variables with the 

TNM tumour classification 

Inclusion criteria and 

potential confounder 

Time from 

diagnosis to 
death or 
censoring 

This variable will be 

required for the estimation 
of net survival. It will be 
estimated in the NICR and 

linked into the NILS data 
set. We require this to be 

accurately calculated (in 
days), and therefore will 
require the full date of 

diagnosis and death (the 
latter are not available 

through NILS). Neither the 
date of diagnosis nor the 
date of death will be 

‘carried’ with the NICR 
dataset for linking with the 

NILS project. 

Outcome variable. 

Year of diagnosis Used in conjunction with 

month of diagnosis as a 
chronological marker of 
cancer patient’s time of 

diagnosis and treatment 

Covariate and potential 

confounder. 

Month of 

diagnosis 

See ‘Year of diagnosis’ 

above 

Covariate and potential 

confounder. 

 

 

If you have requested an anonymised GP Practice identifier variable 

please provide justification for your request below.  

N/A 

 

If you have requested an anonymised GP Practice identifier variable will it 

appear on any outputs? If so, please describe below. 

N/A 

 

Requirement for Individual Level Data 

Please provide evidence of the research need for individual level data to be 

attached to the NILS and the additional research benefits that could be 
obtained. 
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The causal inference methodology requires that the analysis is adjusted at 

the individual level for potential confounders in order that causality can be 
inferred from the results (like in a randomized trial). In this case, age 
group (young versus elderly) will be our ‘exposure’ while surgery rate and 

survival will be ‘outcome variables’. We will be using 3 variables—frailty, 
comorbidity, and disease stage— to adjust the analysis as these may be 

associated with both exposure and outcome. The ability also to adjust for 
socio-economic variables at an individual level in the NILS dataset will 
increase the power of the study. 

 
 

 

Feasibility of Linkage 

Please describe how you have investigated the feasibility of the linkage 
(e.g. the coverage of the Health & Care Number), the quality of the data 
and any experience in using the new data. 

The NICR data from 2011 onwards has almost 100% (99.85%) 
completeness for Heath and Care Number (H&CN). 

 
As the NICR is population-based registry it is virtually complete for all 

cancer diagnoses in Northern Ireland. The completeness of disease 
staging for the desired period (2011-2015) is high for lung (87%), 
colorectal (88%) and breast (92.5%). The NICR has information on 

cancer patients’ comorbidities derived from the Patient Administration 
System (PAS) on all episodes spent in secondary care. While this may not 

catch all patient comorbidities (those treated with in primary care), the 
patient group that we are interested in—those eligible for curative 

treatment—will likely have all entered the secondary care system. We also 
wish to bring information on Forced Expiratory Volume from the NI Lung 
CaPPs dataset this will be linked with H&CN 

 
The Chief Researcher has worked extensively with this data during his 

tenure (2006-2015) in the NICR as biostatistician producing its Official 
Statistics on a number of occasions. 

 

One-Way Encryption Methodology 

The method of linking data using one-way encryption is described in 

Annex 1.  Please confirm that it is appropriate for the data to be linked in 
this way.  If the linkage requires any deviation from this methodology 

please describe it in detail below. 
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We can confirm the one-way encryption will be fine. It has been done 

before, see following references: 
 
O'Reilly D, Kinnear H, Rosato M, Mairs A, Hall C. 2012. Using record 

linkage to monitor equity and variation in screening programmes. 
BMC Med Res Methodol. 12:59. doi: 10.1186/1471-2288-12-59. 

O'Reilly D, Kinnear H, Rosato M, Mairs A, Hall C. 2013. Uptake of breast 
screening is influenced by current religion and religion of 
upbringing. J Relig Health. 52(4):1168-76. doi: 10.1007/s10943-

011-9556-7. 
Kinnear H, Connolly S, Rosato M, Hall C, Mairs A, O'Reilly D. 2010. Are 

caregiving responsibilities associated with non-attendance at breast 
screening? BMC Public Health. 10:749. doi: 10.1186/1471-2458-
10-749.  

 

 

Legal Basis 

Please provide details of any discussions regarding the legal framework 

for the data and the support of the Data Custodian. 

We have discussed this with Dr. Deirdre Fitzpatrick, database manager of 

the N. Ireland Cancer Registry (NICR), and she confirms that our plans 
are in keeping with the aims of the NICR, that the information from the 
NICR is available and of the reported quality. Subject to ethical review, 

the NICR will oversee the preparation of the data within the secure 
environs of the NICR, and directly transfer the data (encrypted) to the 

NILS team 

 

 I have provided a letter of support from the Data Custodian.  

 

 I understand I will require ethical approval from the Office 

for Research 

          Ethics Committees Northern Ireland (ORECNI). 

 

 I will adhere to the DoH Code of Practice on Protecting the 

Confidentiality of Service User Information.   

 

 I agree to keep NISRA informed of progress and will assist 

the NILS team 

          in drawing up a Data Transfer Agreement between NISRA 

and the data  

http://www.qub.ac.uk/research-centres/NILSResearchSupportUnit/GuidesResources/Access/Steps1-2Application/
http://www.qub.ac.uk/research-centres/NILSResearchSupportUnit/GuidesResources/Access/Steps1-2Application/
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          supplier. 

 Signature:                Date: 07/03/2017 

  

 

 (electronic signatures accepted here) 

Please ensure that all named researchers provide their signature 

above. 

 

 

 

Annex 1 - One-Way Encryption Process – for Distinct Linkage 

Projects 

As part of the Data Transfer Agreement each Distinct Linkage Project 

requires encryption of the unique identification field (e.g. Health and Care 

Number).  

 

The NILS encryption software uses the Advanced Encryption Standard 

(AES) 256 algorithm for a one way encryption of the unique identifier and 

this will be carried out on both datafiles in situ. The software is designed 

to read in a dollar ($) delimited text file with column headings where the 

first column is the unique identifier. It requires 2 distinct text strings, one 

is the password which forms the basis for the encryption key and the other 

is additional text to enhance the security of the encryption. Each of these 

text strings will only be known by the external data provider so that the 

process cannot be replicated by NILS staff.  

 

The resulting file contains the encrypted unique identifier plus the 

remaining variables (without the unique identifier) and is sorted in a 

random order to ensure that the encryption cannot be reversed on record 

order.  
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This file is further encrypted using an additional password for transport to 

the Linkage Centre where the NILS lookup table undergoes the same 

process with the same password & key (again input by external data 

provider).  

 

Linkage staff will check both files to ensure fields are as specified in the 

Data Transfer Agreement. The data file is then matched to the lookup table 

using the encrypted unique identifier present on both files. This encrypted 

identifier is removed from the final datafile. This finalised file is then passed 

over to NILS-RSU where it is made available to the approved Researcher(s) 

in the safe setting for analysis. 
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Diagram 1: Formation of a dataset for a NILS Distinct Linkage 

Project 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A checklist, with signatures, is used by the relevant parties at each stage 

of data encryption.  
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SAppendix 8.2.2: Letter of support from data custodian at the Northern Ireland Cancer 

Registry NICR

 


